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REsSuMO

A experiéncia durante os periodos iniciais da \dda animais € de fundamental
importancia para a formacao das ligacdes sociaiestabelecimento da relacdo do
individuo com o ambiente. A m&e e os irmaos dedtraninho constituem a fonte
mais importante de estimulacdo sensorial parallostds de rato recém-nascidos, a
qual é crucial para a organizacao de respostasartemnpentais e endoécrinas durante
as etapas precoces do desenvolvimento.

O objetivo da presente tese foi estudar a infl@doi comportamento maternal e do
ambiente social sobre o desenvolvimento comporttaherespostas endodcrinas e
funcao reprodutiva de ratos, utilizando duas algeda experimentais que pretendem
se aproximar as condicdes naturais.

Os resultados mostraram que o comportamento mat&raoma conduta flexivel e
modificavel por variaveis fisioldgicas ou ambiertaiOs diferentes ambientes
maternais ou sociais decorrentes dessas variagdgiicaram a experiéncia precoce
que receberam os filhotes, provocando mudancasuaareatividade emocional
durante a idade adulta. Também mostramos que esmaacOes alteram a
responsividade ao estresse e a funcéo reprodutivibiena sexualmente dimorfica.
Estes resultados evidenciam a importancia da eéxpea precoce como moduladora

das respostas comportamentais e enddcrinas degdinols a longo prazo.



ABSTRACT

Early-life environment exerts long-term influeno@s rodents’ brain, behavior and

reproductive functions. In the rat, stimulation\ad®d by the mother and littermates
represents the most relevant source of sensorylstiion for the pups during early

development and is crucial for an adequate devetopaf the pups.

The aim of this thesis was to determine the effettmaternal behavior and social
environment on rats’ behavioral development, endecresponses and reproductive
functions, using two experimental approaches winténd to approximate to natural

conditions.

Present results showed that maternal behaviorpigasic behavior, which could be

modified by physiological or environmental factof$ie different maternal and social
environments caused by these variations, modifyspeg@rly experience and provoke
changes in emotional reactivity at adulthood. Besidresults showed that these
variations long-term alter stress responsivity agproductive function in a sexual

dimorphic manner. These results highlight the ingoose of early experience as a

long- term modulator of behavioral and endocrirspomse of individuals.

Vi



APRESENTACAO

Esta tese estd organizada da seguinte forma: ug@odgeral, Objetivos gerais e
especificos, Abordagem metodoldgica, Capitulosl ke llll: Trabalhos cientificos
publicados ou submetidos, Discussdo, Conclusdessp&ivas e Referéncias
bibliograficas.

Na Introducdo geral se apresentam os fundamento&de que nos levaram a
formulacdo das hipéteses e da proposta de trabdle.secdo Abordagem
metodologica mostra-se uma breve explanacdo dasdajems experimentais
utilizadas nos trabalhos. Os materiais e métodass aeferéncias bibliograficas
especificas encontram-se no corpo de cada artigsetado nos Capitulos |, Il e 1ll.
A secdo Discussdo contém a interpretacdo dos adssltobtidos nos diferentes
artigos e aborda as conclusdes gerais da tese.c@o deerspectivas discute as
possibilidades de desenvolvimento de outros prejatpartir dos resultados obtidos
na presente tese. Na secdo Referéncias bibliogsdiiktam-se as referéncias citadas

na Introducédo geral e Discusséo.
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ABREVIATURAS
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INTRODUCAO GERAL

EXPERIENCIA PRECOCE E DESENVOLVIMENTO

Em mamiferos, os primeiros periodos da vida sagemdmente plasticos e
representam estados cruciais na organizacdo demsishervoso central (SNC). O
periodo neonatal, junto com o periodo juvenil, sfiapas criticas tanto para a
formacdo das ligagBes sociais como para a relagdindividuo com os estimulos

ambientais (Anisman, Zaharia et al. 1998; Lavioleganova 1998; Spear 2000).

Os filhotes de rato sao altriciais, durante os enios dias de vida estdo desprovidos
de pélo, carecem de mecanismos de controle da tatage corporal, ndo se
locomovem por si mesmos e sdo incapazes de veuwdy dependendo totalmente
dos cuidados maternais para sua sobrevivéncia.ikipal fonte de estimulacao
sensorial (tatil, térmica, olfativa) durante as nmiras semanas de vida é

fundamentalmente, provida no ninho, pela méae eno&as.

As interagdes normais na relagao mae-filhote séoias para o desenvolvimento e
crescimento adequados dos filhotes. A méae é reépehpela regulacdo de varias
respostas fisioldgicas dos filhotes, como por exengpfreqiiéncia cardiaca, os ciclos
de sono-vigilia e a producdo do horménio de crescim (GH) (Levine 2001). A

privacdo maternal ocasiona efeitos deletérios serdelvimento dos filhotes, como a
reducdo do crescimento, da diferenciacédo celulda secrecdo do GH, provocando
também um aumento da secrecdo de corticosteronRTLC@nderson e Schanberg

1972; Pauk, Kuhn et al. 1986).



Do mesmo modo, outras intervencbes experimentasafetam a interacdo mae-
filhote no periodo neonatal podem modificar drastiente o desenvolvimento do
animal, induzindo efeitos estaveis e duradouroardara idade adulta (Ferre, Nunez

et al. 1995; Laviola e Terranova 1998; Liu, Caddjal. 2000).

Dentre os enfoques mais freqientemente utilizados gstudar estes efeitos se acham
0s modelos de manipulagdo neonatal, privacdo nadteenisolamento social. Em
nosso laboratorio tem sido pesquisado em profuddida modelo da manipulacéo
neonatal. Este procedimento induz alteracGes astisit no SNC, diminuindo o
namero de neurdnios em diferentes areas cerelekisionadas a regulacdo das
respostas ao estresse e da fungao reprodutiva tesr machos e fémeas (Lucion,
Pereira et al. 2003; Winkelmann-Duarte, Todeschal.€007).

Como consequéncia, os animais manipulados ténagites comportamentais a longo
prazo, entre as quais se encontram um aumentovitiaede exploratoria e atenuagéo
do medo quando expostos a ambientes novos (Pa&daduore et al. 2001; Severino,
Fossati et al. 2004; Madruga, Xavier et al. 20@6)manipulacdo neonatal induz
também uma diminuigdo permanente da responsividadgxo hipotalamo-hipofise-
adrenal (HPA) ao estresse, determinando uma mesmegao de corticosterona
CORT e prolactina ante um estimulo estressor, agsimo um aumento da
sensibilidade ao mecanismo de retroalimentacactiveg#a glandula adrenal sobre o
eixo HPA promovendo um retorno mais rapido da C@RTiveis basais (Meaney e
Aitken 1985; Meaney, Aitken et al. 1985; Meerlo, riath et al. 1999; Severino,
Fossati et al. 2004). Os animais manipulados deranperiodo neonatal também
mostram alteracbes na atividade do eixo hipotélhipéfise-gonadal (Gomes,

Raineki et al. 2005). As fémeas manipuladas aptasenreceptividade sexual



diminuida (Padoin, Cadore et al. 2001), ciclosagstanovulatorios e alteragfes nas
concentracdes de hormonios relacionados a ovuk@@comportamento sexual em
fémeas (Gomes, Frantz et al. 1999; Gomes, Raineli 2005). No mesmo sentido,
machos manipulados apresentam diminuicdo do commperito sexual (Padoin,
Cadore et al. 2001; Benetti, Andrade de AraujoleR@07) e da espermatogénese

(Mazaro e Lamano-Carvalho 2006) durante a idadi#aadu

COMPORTAMENTO MATERNAL

Durante a lactagdo ocorrem mudancas na condutaaasferos orientadas a adequar
a fémea para cumprir com éxito sua funcéo reprea@tigarantir a sobrevivéncia dos
filhotes. Na rata, o cuidado maternal estd condbttupor varios elementos
comportamentais integrados, dirigidos a nutric&imeilacdo e protecdo da prole.
Estes comportamentos incluem atividades de conthteto com os filhotes
(amamentacéo, lambida, busca e recolhimento dostds) e condutas nao interativas
(construgéo do ninho, comportamento agressivo, aton@a ingestao e diminuicado
do medo e da ansiedade) (Fleming e Rosenblatt 1R@denblatt 1980; Hansen e
Ferreira 1986). A amamentacéo pode ser realizad@ésnposturas diferentes, que se
diferenciam pelo grau de arqueamento do dorsopesigdo dos filhotes: postura com
dorso arqueado, postura com dorso relaxado e postgpina (Stern e Lonstein 2001;

Champagne, Francis et al. 2003).

O desenvolvimento do comportamento maternal esgbceglo as mudangas
hormonais que ocorrem durante a gestacdo e o (frosenblatt, Mayer et al. 1988).
A diminuicdo da progesterona e o aumento do esirado importantes para o rapido

estabelecimento deste comportamento nos primeiingtos pos-parto (Rosenblatt



1969; Rosenblatt 1975; Rosenblatt e Siegel 1975yeMa Rosenblatt 1980;
Rosenblatt, Mayer et al. 1988). A ocitocina tamk#Emmportante para a manifestagdo
desse comportamento (van Leengoed, Kerker et &)19

Uma vez estabelecido, a manutencdo do comportamemdternal depende
fundamentalmente da estimulacdo sensorial bringaties filhotes (Rosenblatt 1967,
Rosenblatt 1975). Os principais estimulos sensomaplicados sdo a estimulagéo da
regido perioral; a estimulacdo somatosensorialgmente da parte ventral do torax,
realizada pelos filhotes durante a amamentacaon(8tdohnson 1990; Stern 1991,
Stern e Lonstein 1996) e os estimulos olfativosr{fihg e Rosenblatt 1974; Ferreira e

Hansen 1986; Fleming, Gavarth et al. 1992).

As caracteristicas dos filhotes também modulam mpocotamento maternal. Por
exemplo, as maes lambem a zona anogenital dos siaoho maior frequéncia que a
das fémeas (Moore e Morelli 1979; Alleva, Capritlial. 1989). Filhotes hiper ou
hipotérmicos, ou pouco moveis sdo incapazes deopan\posturas de amamentacao
nas maes (Woodside, Pelchat et al. 1980; Sternnstéim 1996). As demandas
fisiologicas dos filhotes também modulam a motieagias méaes, promovendo
alteragcdes no comportamento maternal (Pereirartgred al. 2005; Pereira e Ferreira

2006).

Na rata, o comportamento maternal, especificamerntemportamento de lambida,
naturalmente exibe variacdes individuais dentroude populacdo (Champagne,
Francis et al. 2003). Em ratas da linhagem Long&vaeaney e colaboradores,
desenvolveram um modelo que permite classificanass segundo a freqiéncia de

lamber os filhotes e de adog¢éo da postura de antagd@ncom dorso arqueado (Liu,



Diorio et al. 1997; Caldji, Tannenbaum et al. 1998¢ste modelo, as mées com
frequéncias de lambidas acima de 1 desvio padrdegé@éncia meédia da populacéo
sao definidas como “muito lambedorasigh licking mothers) enquanto as fémeas
com freqléncias abaixo da média—1 desvio padracesgpndem as “pouco
lambedoras” lpw licking mothers). Este comportamento é estavel durante multiplas
lactacbes (Champagne, Francis et al. 2003) o quaiteeclassificar as fémeas
durante a primeira lactacdo e estudar outros cdampentos associados nas
sucessivas, assim como avaliar a influéncia dessas;0es sobre o desenvolvimento

dos filhotes.

As diferengas de comportamento maternal aparecemo cona variabilidade normal

dentro da populacdo. Os grupos nao se diferenciasntamanhos e pesos das
ninhadas nem na sobrevivéncia ou no ganho de pesdlldotes durante a lactagéao
mostrando que os niveis de cuidado maternal saquades para o desenvolvimento

dos filhotes (Liu, Diorio et al. 2000; Champagnggri€is et al. 2003).

Os diferentes niveis de comportamento de lambdidos pelas mées se relacionam
diretamente a atividade do sistema ocitocinérg@oafmpagne, Diorio et al. 2001).
As fémeas muito lambedoras tém niveis maiores ckepteres de ocitocina na area
predptica media (MPOA)septum lateral, nucleo central da amigdala, nucleo
paraventricular do hipotalamo (PVN), e nlcleo pi@pula stria terminalis (Francis,
Champagne et al. 2000). A administracdo de antagmidos receptores para
ocitocina no dia 3 pds-parto elimina completameagediferencas comportamentais

entre as fémeas muito e pouco lambedoras (Champagn® et al. 2001).



EFEITOS DAS VARIACOES NATURAIS DE COMPORTAMENTO MATERNAL

O fenotipo dos filhotes é influenciado drasticareepor variagbes na estimulacao
maternal recebida durante o periodo neonatal (Mb®84; Moore 1992; Liu, Diorio
et al. 1997). Durante a etapa adulta, os filhotesrddes muito lambedoras tém uma
liberacdo de corticotrofina (ACTH) e CORT reduzieiam resposta a estresse por
contengdo, assim como una maior sensibilidade dego% inibitérios dos

glicocorticéides na atividade do eixo HPA (Liu, Baet al. 1997).

Por sua vez, a expressdao de mRNA do horménio tiberde corticotrofina (CRH)

nos neurdnios parvocelulares do PVN (Liu, Diorioaét 1997) e a densidade de
receptores para CRH niocus coeruleus (LC) diminuiu significativamente nos
filhotes de mées muito lambedoras, aumentando ito efebitorio da regulacdo dos

glicocorticoides sobre o eixo HPA (Caldji, Tannemineet al. 1998).

O comportamento maternal modula também as respastagortamentais dos
filhotes quando adultos. Os filhotes de maes miaitabedoras exibem um aumento
do comportamento exploratério no campo aberto, laténcia menor e um tempo
maior de alimentacdo em um ambiente novo, e mesmpd de imobilidade e
enterramento no teste dshock-probe’, quando comparados com filhotes de méaes
pouco lambedoras (Caldji, Tannenbaum et al. 1988nard, Champagne et al.

2004).

Tem sido demonstrado que os altos niveis de coampertto maternal observados nas
maes muito lambedoras provocam efeitos a longoomsemilares aos induzidos pela
manipulagdo neonatal (Liu, Diorio et al. 1997). &sb também, que a manipulagéo

neonatal induz um aumento das lambidas maternais éLWilliams 1974; Villescas,



Bell et al. 1977; Hennessy, Li et al. 1980). A padtsses achados, surgiu a hipotese
da “mediacdo maternal” que propde que os efeitlmgo prazo das manipulagdes
precoces, sao resultantes de mudancas do compattamaternal, especificamente
do comportamento de lamber, e ndo pelo efeito daipuacdo por si mesma

(Smotherman e Bell 1980; Denenberg 1999)

VARIACOES NO AMBIENTE SOCIAL PRECOCE E NA COMPOSIGAO FAMILIAR

Na natureza, a composic¢do familiar dos ratos padarvde acordo com as condi¢bes
de acasalamento da mée (Calhoun 1963; Gilbert,dduargt al. 1983).

As ratas fémeas apresentam um periodo de receuerique comeca entre 6 e 12
horas apés do parto, denominado estro pos-parton@oe Davis 1980; Connor e
Davis 1980; Davis e Connor 1980; Gilbert, Pelchatl.€1980).

Se 0 acasalamento ocorre durante o proestro no esttal regular, origina-se uma
ninhada simples. Entretanto, se o acasalamentoreoqmn estro pdés-parto, a
composicao familiar pode variar da unidade famipadrao utilizadas no biotério
(Gilbert, Pelchat et al. 1980). A fecundacdo npstdodo provoca a sobreposicdo da
lactacdo da primeira ninhada com a gestacado dadaga a partir do nascimento da
segunda ninhada a lactagdo de duas ninhadas, a&inarifuvenis) e a segunda
(neonatos) (Davis e Connor 1980; Bean e Estep XGifijert, Burgoon et al. 1983).
Esta situacdo é bastante freqiente em condi¢femisatja que o acasalamento no
estro pos-parto representa aproximadamente o 5@gestacoes em populacdes
selvagens d®&attus norvegicus (Calhoun 1963; Davis e Connor 1980). Nestes casos,
as fémeas de uma colbnia podem criar sucessivAadas sobrepostas, e tem sido
demonstrado que irmdos mais velhos permanecennho desde os 25 a 35 dias de

idade, coabitando com os irméos menores (Calho68)19



Fenbmenos similares tém sido descritos em outpEiEs de ratos silvestres coRo

rattus y R. fuscipes (Horner e Taylor 1969).

Em observacdes de laboratorio durante os trés pasdias apds o parto da segunda
ninhada, observou-se que os filhotes mais velhosgecem no ninho, embora nao
estejam sendo amamentados ou a mae nao estejahw (dilbert, Burgoon et al.
1983). Além disso, o tempo que permanecem no raohtenta depois do nascimento
da nova ninhada, podendo ser até maior que o tempermanéncia da mae (Gilbert,
Burgoon et al. 1983). Outros estudos, porém, téportado efeitos negativos da
interacdo entre juvenis e neonatos (em individues nminhadas diferentes),
observando-se concorréncia pela amamentacdo estaratnto dos filhotes recém
nascidos do ninho, freqientemente provocando aenu@stes por privagao de leite

e/ou traumas fisicos (Mennella, Blumberg et al.0)99

A sobreposicédo de ninhadas poderia provocar mudamgambiente social onde se
desenvolvem os filhotes da primeira e segunda dmhaermitindo uma maior

interacao social entre filhotes de duas idadesetifes.



SENSIBILIZACAO MATERNAL

Nos ratos, o contacto continuo com filhotes neangbeovoca, gradualmente,

mudancas de comportamento que vao desde a indifgrerafastamento ou inclusive
canibalismo, até o aparecimento do comportamentterma. Este fenébmeno -

denominado sensibilizagdo maternal- é utilizadgifemtemente no laboratério, para
estudar as bases neuroenddcrinas do comportameaternal e as mudancas
comportamentais associadas a lactacdo. A senaidiliv pode ocorrer

independentemente do estado hormonal, do géneade idu experiéncia sexual
prévia (Fleming e Rosenblatt 1974; Mayer e Rosénb875; Reisbick, Rosenblatt et
al. 1975; Mayer e Rosenblatt 1980).

Contudo, a idade é um fator que influi no procaesasensibilizacdo ja que a laténcia
para o desenvolvimento de condutas maternais € mm@soanimais juvenis que nos
adultos (Bridges, Zarrow et al. 1974; Mayer, Freemal. 1979; Mayer e Rosenblatt
1979). Estes dados se relacionam com o fato dengueatureza a situacdo mais
comum em que as ratas sem serem parturientes piedarma forte interagdo com

filhotes recém nascidos, é quando os filhotes jisveermanecem no ninho até a
chegada de uma nova ninhada (Gilbert, Burgoon. et983; Stern e Rogers 1988).
Uma menor laténcia de sensibilizacdo promoveriadpido estabelecimento de
comportamentos de cuidado dos filhotes mais nogesando o aparecimento de

condutas prejudiciais para os neonatos (Numanet 206 3).

JUSTIFICATIVA
Para os ratos, a mae nédo somente representa g@riionite de nutricdo dos filhotes,
mas, junto com os irmaos no ninho, constitui agantis importante de estimulagéo

sensorial. Esta estimulagéo é fundamental parb@d@eéncia imediata dos filhotes,



assim como para a organizacdo de varias respostagodamentais e endocrinas

durante as etapas prepuberal e adulta (Price 8oRegRD03).

A influéncia do ambiente social no desenvolvimeodmportamental dos roedores
tem sido muito investigada, porém, a maior parte ekiudos tem sido realizada em
modelos de privacdo ou isolamento social em coedigdtificiais. As pesquisas sobre
formas mais sutis de variagcbes no ambiente soaighnte o desenvolvimento
comportamental podem nos proporcionar informac&o maior significado etolégico

que aquela baseada nos experimentos em condi¢ifesass.

Assim, o0 objetivo desta tese foi mudar o foco @m@do para estudos que pretendem
se aproximar as situacbes observadas na naturemeadds nos antecedentes
apresentados, foram escolhidas duas abordagensneaepiais para estudar os efeitos
sobre o comportamento maternal e a influéncia earpela experiéncia precoce
sobre os individuos. A primeira abordagem consistiestudo das variacdes naturais
do comportamento maternal presentes em uma detaaipopulacdo e sua
influéncia sobre o fenétipo dos filhotes. Na seguadordagem, estudamos o modelo
de ninhadas sobrepostas, originado através dolacesdo da mée no estro pés-
parto, para avaliar os efeitos de variacdes na oeipgo da unidade familiar sobre o

comportamento maternal e o fenétipo dos filhotesdileas ninhadas.
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HIPOTESES

1. O comportamento maternal ndo € uma condutaarigitite estereotipada e sim

mostra variagdes dentro de uma populagcédo, sejavpaabilidade individual

espontanea ou determinadas por diferentes condigpesdutivas.

2. Diferentes experiéncias, determinadas por mua$ango ambiente precoce,

modulam o desenvolvimento e o fenétipo dos animhaiante a idade adulta.

OBJETIVOS GERAIS

1. Analisar as variagdes do comportamento matematatas da linhagem Wistar e

sua influéncia no fenétipo dos filhotes durantdae adulta.

2. Analisar como variacdes na composicdo familiar modelo de ninhadas

sobrepostas afetam o comportamento maternal dalaet@nte e o fendtipo dos

filhotes de ambas as ninhadas.

OBJETIVOS ESPECIFICOS

1.a Analisar os diferentes componentes do cuidaatermal e classificar as ratas maes

(Rattus norvegicus, linhagem Wistar) segundo a frequéncia do compuwetdo de

lamber.

11



1.b Determinar se o desenvolvimento dos filhotedeéado por diferentes niveis de

estimulacdo maternal, especificamente pelo comperiéo de lamber.

1.c Determinar se a inibicdo comportamental e g&anreprodutiva dos filhotes
quando adultos sdo afetadas por diferentes niveisestimulagdo maternal,

especificamente pelo comportamento de lamber.

2.a Determinar o efeito da gestagédo simultaneaesolmomportamento maternal de

ratas lactantes.

2.b Determinar o efeito da sobreposi¢édo de dudsadas de diferentes idades sobre o

comportamento da mae.

2.c Determinar o efeito da convivéncia com irmdesnatos no comportamento de

ansiedade durante a idade adulta dos juvenis sriagioninhadas sobrepostas.

2.d Determinar o efeito de ser criado em ninhaddsepostas durante o periodo

neonatal sobre a inibicdo comportamental, a reapast estresse e a funcgao

reprodutiva durante a idade adulta.

12



ABORDAGEM METODOLOGICA

Nesta secdo sera feita uma breve descricdo daagjmndmetodoldgica utilizada nos
artigos que compdem esta tese. A descricdo complesamateriais e métodos
utilizados em cada experimento encontra-se no abepzada trabalho nos capitulos I,

e lll.

Artigo 1 (Capitulo I).

Este trabalho teve como objetivo analisar as vaesglo comportamento maternal em
ratas da linhagem Wistar e classifica-las utilizamdmodelo validado em ratas da
variedade Long-Evans por Meaney e colaboradores Qiorio et al. 1997). Para isto
utilizou-se uma populacdo de 40 ratas lactantes toyggam o comportamento
maternal registrado simultaneamente, durante og&jpos dias pés-parto. Uma vez
concluido este registro, classificaram-se as fémne@agiois grupos de maes: pouco
lambedorasl¢w licking - LL) e muito lambedorasigh licking - HL) e analisaram-se
0S outros componentes do comportamento materndiliotes da primeira ninhada
dessas mdes foram deixados crescer até a idadex ashde foram avaliadas as
seguintes variaveis em machos e fémeas:

- InibicAo comportamental (avaliacdo do comportameno modelo de campo
aberto).

- Funcao reprodutiva (idade de abertura vaginabmego da ciclicidade estral,
receptividade sexual na noite do proestro e ovalat@ manha do proestro em

fémeas; comportamento sexual e avaliacdo espem@tianachos).

13



Um més apos o desmame da primeira ninhada, as IchdesHL foram acasaladas
novamente. Nos filhotes da ninhada resultante ¥a@ili@do seu desenvolvimento

através do peso nos dias 1, 10 e 21 pds-partdadle da abertura ocular.

Artigo 2 (Capitulo II).

Este trabalho teve como objetivo analisar o conapoenhto maternal das ratas méaes
nas diferentes situacfes reprodutivas ocasionaelas ggasalamento no estro pos-
parto.

Para avaliar o efeito da gestacdo simultdnea aac@ot foi comparado o
comportamento de ratas lactantes primiparas natarges (grupo NPL: fémeas
criando sua primeira ninhada, e que tiveram acasaltd no estro pos-parto, mas nao
emprenharam) e ratas lactantes primiparas gest@nmgs PL: fémeas criando sua
primeira ninhada enquanto estdo gestando uma sagunidada concebida no estro
pds-parto).

Para avaliar o efeito de criar simultaneamente dudsadas de diferentes idades foi
comparado o comportamento de ratas multiparas déohadeas sobrepostas (grupo
MOL.: fémeas criando sua segunda ninhada concebi@atno pés-parto e dos juvenis
da primeira ninhada) e ratas multiparas com umdaada simples (grupo MSL:
fémeas criando sua segunda ninhada concebidamgéstparto, sem juvenis).

Para avaliar os efeitos da sobreposicao de ninhmlasmportamento das maes para
0S juvenis, o comportamento das méaes MOL foi coagmacom o de ratas maes no
pds-parto tardio com uma ninhada simples (grupolLLBneas criando 2 juvenis da
primeira ninhada apés o dia 21 pés-parto). Alémsdjisfoi comparado o

comportamento das mées MOL para 0s neonatos ®@pargenis.
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Para avaliar a estimulacdo total recebida peld®tis da segunda ninhada foi
registrado o comportamento dos irmaos juvenis. thnegacao total recebida pelos
neonatos foi calculada como a soma do comportangentode e do comportamento

dos dois irmaos juvenis.

O segundo experimento deste trabalho teve comdhabpeterminar se a experiéncia
com irmaos neonatos durante a idade juvenil infifs a longo prazo sobre o medo
e a ansiedade. Para isto, o comportamento dos iguv@rados em ninhadas

sobrepostas nos testes de campo aberto e laketentado em cruz foi comparado na

idade adulta com o de individuos criados em ninhadaples.

Artigo 3 (Capitulo III).

O objetivo deste trabalho foi determinar o efeite ger criado em ninhadas
sobrepostas durante o periodo neonatal sobrebigdni comportamental, a resposta
ao estresse e a fungédo reprodutiva durante a idddia. Para isto obtiveram-se
filhotes de maes multiparas com ninhadas sobrepastandes multiparas com
ninhadas simples. Os animais foram deixados cregéea idade adulta quando as
seguintes variaveis foram avaliadas:

- InibicAo comportamental (avaliacdo do comportameno modelo de campo

aberto).

- Resposta aguda ao estresse (liberagdo de ctetimos ante um estresse por
contencao durante 20 minutos).

- Funcéo reprodutiva (receptividade sexual na raot@roestro e ovulagdo na manha

do proestro em fémeas; comportamento sexual eagéaliespermatica em machos).
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CapPiTuLO |

EFFECTS OF MATERNAL CARE ON THE DEVELOPMENT , EMOTIONALITY , AND

REPRODUCTIVE FUNCTIONS IN MALE AND FEMALE RATS

Developmental Psychobiology, 49: 451-462, 2007.
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Effects of Maternal Care on the
Development, Emotionality, and
Reproductive Functions in Male
and Female Rats

ABSTRACT: Variations in maternal behavior induce long-lasting effects on

behavioral and neuroendocrine responses to stress. The aim of this study was to
analyze developmental parameters, reproductive function, and anxiety-related
behaviors of male and female rats raised by mothers that naturally display high and
low levels of maternal licking behavior. Results showed that an increase in licking
behavior received by the pups accelerated their eye opening and reduced fear
behavior assessed in the open field test. Additionally, female offspring of high
licking (HL) mothers showed decreased ovulation and lordosis intensity. In
contrast, males from HL and low licking (LL) mothers did not differ in their
reproductive function, suggesting a gender difference in maternal effects. Present
results showed that individual differences in maternal behavior appear not only to
be predictive of later emotionality and stress-responsivity in the offspring, but can
also modulate the reproductive function of females. Maternal genetic factors,
differences in the prenatal intrauterine milieu, or a combination of these cannot be
excluded to explain the effects observed. © 2007 Wiley Periodicals, Inc. Dev
Psychobiol 49: 451-462, 2007.

Keywords: maternal behavior; early experience; licking behavior; sexual
behavior

INTRODUCTION

In altricial rodents, stimulation provided by the mother
and littermates represents the most relevant source of
sensory stimulation for the pups during early develop-
ment. This “maternal environment” is crucial for an
adequate development of the pups, and alterations in its
characteristics could lead to complex and long-term
influences on their behavioral and neuroendocrine
responses (Cirulli, Berry, & Alleva, 2003; Levine, 2000;
Pryce, Bettschen, Bahr, & Feldon, 2001).

Lactating females show natural individual differences
in maternal behavior, specifically in pup licking. It has
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DISCOVER SOMETHING GREAT

been shown that mothers could be classified as either low
licking (LL) or high licking (HL) based on their frequency
of licking the pups (Champagne, Francis, Mar, & Meaney,
2003; Liu et al., 1997). These differences appear to be
stable across multiple litters (Champagne et al., 2003).

These variations in the levels of licking behavior
received by the pups profoundly affect the neural circuits
that regulate their endocrine and behavioral responses to
stress. Thus, the adult offspring of HL mothers showed
blunted plasma ACTH and corticosterone responses to
stress, increased hippocampal glucocorticoid receptor
mRNA expression, enhanced glucocorticoid negative
feedback sensitivity, and decreased hypothalamic CRF
mRNA levels (Caldji et al., 1998; Francis, Champagne,
Liu, & Meaney, 1999; Meaney, 2001).

When adults, offspring of HL mothers display lower
levels of fear reactivity, evidenced by their decreased
acoustic startle responses, increased exploration in a novel
environment (open-field), decreased latency to begin
feeding in a novel test chamber, and less shock induced
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freezing and probe burying in the shock-probe test,
compared with offspring of LL mothers (Caldji et al.,
1998; Liu et al., 1997; Menard, Champagne, & Meaney,
2004; Menard & Hakvoort, 2007).

Considering fear and stress response, it is interesting to
note that the spontaneous high levels of licking behavior
by undisturbed dams induce long-lasting effects similar to
those induced by early handling. Moreover, it has been
reported that, after the postnatal handling, there is an
increase in maternal behavior, specifically an augment in
pup licking frequency (Lee & Williams, 1974; Liu et al.,
1997). From this evidence, the ‘“‘maternal mediation™
hypothesis was derived. It proposes that the long-term
effects of early manipulations result from changes in
maternal care, specifically in the licking behavior received
by the pups, rather than the experimental manipulation per
se (Caldji et al., 1998; Smotherman & Bell, 1980).

Previous results from our laboratory showed that
neonatal handling reduces sexual behavior in male and
female rats (Padoin, Cadore, Gomes, Barros, & Lucion,
2001), decreases ovulation (Gomes, Frantz, Sanvitto,
Anselmo-Franci, & Lucion, 1999; Gomes et al., 2005),
and spermatogenesis (Mazaro & Lamano-Carvalho,
2006), and reduces the number of neurons in brain areas
related to stress and reproduction (Lucion, Pereira,
Winkelman, Sanvitto, & Anselmo-Franci, 2003). Neona-
tal handling also reduces the age of eye opening of the
pups (Levine, 2000).

Several studies were performed in order to investigate
how maternal behavior influences stress and fear
responses. However, few experiments were addressed to
study the effects of natural variations in the levels of
licking behavior on offspring’s reproductive function.
Champagne et al. (2003) showed that female offspring of
LL and HL mothers did not differ in fecundity. However,
Cameron et al. (2005) stated that females raised by HL
mothers were less sexually receptive and had a reduced
rate of pregnancy (Cameron et al., 2005), although
numeric data is not shown in this work. As far as we
know, there are no studies investigating the consequences
of spontaneous variations in maternal licking behavior on
male sexual behavior and sperm production.

Present study aimed to analyze the effects of natural
variations in maternal care received by the pups on their
development, reproductive function, and emotionality in
Wistar rats, a strain other than the ones used by those
studies. We investigated developmental parameters,
ovulation, sperm production, sexual behavior, and
anxiety-related behaviors of male and female Wistar rats
raised by mothers that naturally displayed high (HL) and
low (LL) levels of maternal licking behavior. Given that
studies using the neonatal handling procedure, which
increases maternal behavior after the return of the pups to
the nest (Liu et al., 1997), showed a decrement in sexual
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behavior and reproductive function (Padoin et al., 2001),
we hypothesized that high licked pups would show
reduced sexual behavior and reproductive function in
adulthood.

GENERAL METHOD

Animals

Male and female Wistar rats were obtained from the
colony maintained in the Federal University of Rio
Grande do Sul Laboratory Animal Facility. Animals were
kept on a 12-hr light/dark cycle (lights off at 1,800 hr) and
in a stable environmental temperature (21°C) with ad lib
access to rat chow (Nutrilab, Colombo, Brazil) and water.
Pups were maintained with their mother until weaning
(Day 21), and then housed in same-sex, same-litter groups
of three to four animals per cage. All procedures used in
this study followed the guidelines for the care and use of
Laboratory Animals from the National Institute of Health
and were approved by the Research Committee of
the Federal University of Rio Grande do Sul.

General Procedure

In experiment 1, mothers were classified in LL. and HL
based on the procedure used by Liu et al. (1997) and pups
from their first and second litter were used. Both male and
female pups from the first litter of LL. and HL. mothers
were tested in adulthood (around 90 days of age) for open
field activity (experiment 2) and reproductive function
(experiment 3). Females of the first litter were also used to
assess the onset of puberty by recording the day of vaginal
opening and occurrence of first and second estrus.
Developmental parameters (experiment 4) were recorded
in the second litter of LL and HL mothers, obtained by re-
mating the females 1 month after the weaning of the first
litter, in order to avoid any effect of early manipulation
during the classification of the mothers. These animals
were not used for behavioral tests in adulthood.

The oestrus cycle of females from the first litter was
monitored from the day of vaginal opening until
approximately Day 50 of age, and then later in adulthood,
from Day 80 of age until the testing day. Females were
tested in the open field on diestrus and for sexual behavior
in proestrus. For monitoring oestrus cycle, daily vaginal
smears were taken, and only those females with two
consecutive regular cycles were used for behavioral
testing. Fifteen of 85 females were not used due to
irregular estrous cycle; there were no differences between
the number of female rats discarded between the two
groups (LL: 4 of 37; HL: 11 of 48; i test, p=ns).

Adult animals were used in only one behavioral test,
and within each group all subjects were from different
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litters. All tests were performed in a separate testing room
with the same temperature and photoperiod conditions of
the breeding room. Animals were individually housed,
transported to the testing room, and left to acclimatize at
least 1 hr before starting the tests. Behavioral tests were
recorded on VHS-video tape and analyzed later using
the computer software The Observer Pro™ (Noldus,
Wageningen, The Netherlands).

EXPERIMENT 1: CLASSIFICATION OF
THE DAMS BASED ON THEIR
LICKING FREQUENCY

Method

Breeding was accomplished by housing nulliparous
females (90 days old) overnight with sexually experienced
males on a proestrus night. Approximately 7 days before
delivery, pregnant females were housed individually and
the presence of pups was checked twice a day (at the
beginning and end of the light period). On the day of birth
(Day 0), the number of pups was culled into eight per dam
(with usually four or at least three pups of each sex).
Eleven mothers had their first litters with fewer than eight
pups and were excluded from the experiment. The
maternal behavior of a total of 40 primiparous lactating
females was scored daily during four, 72-min observation
sessions for the first 8 postpartum days. Observations
occurred at regular times with three periods during the
light phase (1,000, 1,300, 1,600 hr) and one during the
dark phase of the light-dark cycle (1,830 hr). Within each
session, the behavior of each female was scored every
3 min (25 observations per period X 4 periods per day =
100 observations/mother/day) for the following beha-
viors: (1) mother off pups, (2) mother licking pups (either
the body surface or its anogenital region), (3) mother
nursing pups in either an arched-back posture, (4) a
“blanket” posture in which the mother lays over the pups,
(5) or a passive posture in which the mother is lying either
on her back or side while the pups nurse (Champagne
et al., 2003). During this period, dams remained
undisturbed and cleaning and sawdust changing began
on Day 11 postpartum.

Data are reported as the percentage of observations in
which pups received the target behavior (number of
observations in which the target behavior was recorded
divided the total number of observations x 100). HL
mothers were defined as females whose scores for
frequency of licking were above the highest quartile,
and LL mothers were defined as females whose frequency
scores were below the lowest quartile of the population
observed. The comparisons between the total frequencies
(the frequency of the specific behavior from a total of
800 observations per mother) of the two groups of mothers
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and the frequencies of behaviors in each of the first 8 days
postpartum were performed using the Mann—Whitney
U-test. The number of second litters discarded due to
insufficient number of pups or inappropriate sex ratio
in the two groups was compared by the 12 test.

Results

Based on the frequency distribution of licking behavior
(body and anogenital licking) observed in a group of
40 Wistar lactating females with a median (IQR) of
8.1(6.9-9.2), 10 females were classified as LL mothers,
with a median (IQR) of 5.6 (4.3-6.7), and 13 as HL
mothers with a median (IQR) 0f 9.4 (9.2-9.8). LL and HL
mothers did not differ in the other components of maternal
behavior observed or in the time spent in the nest or in
contact with pups. Figure 1 shows the median (IQR) of the
percentage of total observations of licking (panel A),
arched-back nursing (panel B), and time spent in nest
(panel C) in LL and HL mothers during the first 8
postpartum days with detailed data of each behavior on
every day. The frequency of licking of the two groups
analyzed by day differs in the same way as the total latency
for all days except Day 4, Day 7, and Day 8. The time in
arched-back nursing posture and the time of the mother on
the nest did not differ between groups in any of the first
8 days postpartum (Fig. 1, B and C). There were no
differences between the number of second litters dis-
carded between the two groups (LL: 3 of 10; HL: 5 of 13;
}52 test, p =ns). Litter size and mean pup weight at birth
were not different between the two groups (Tab. 1).

EXPERIMENT 2: EFFECTS OF VARIATIONS
IN RECEIVED LICKING BEHAVIOR
ON EMOTIONALITY

Method

Behavior of male and female adult rats was measured in
the open field test during the light period of the
cycle (diestrus morning in females). The apparatus was
a 100-cm square open field that was evenly illuminated by
overhead fluorescent lights. The arena was divided into
20-cm squares painted on the floor. Each animal was
placed in one corner of the open field and its behavior was
videotaped over a 5-min session. The following behaviors
were analyzed: duration(s) of locomotion, number of
entries into, time(s) spent in and latency(s) to enter into the
central quadrants. The open field was cleaned thoroughly
between test sessions. The duration of locomotion, time in
central quadrants, and latencies to enter in central
quadrants (means == SEM) were analyzed by a two-way
ANOVA (gender x group).
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FIGURE1 Maternal behavior of LL and HL mothers. Data are plotted as a median (IQR) percentage
of observations from a total of 800 observations per mother (100 observations/mother/day during the
first 8 days postpartum) (left panels) and separated by measures for each of the 8 days postpartum (right
panels); (A) licking (includes body and anogenital licking); (B) arched back nursing posture; (C) time
that the mother spent on the nest, Mann—Whitney U-test, *p < .05.
Results n=29) as revealed by ANOVA analyses (group effect

F(1,33)=9.28, p <.01). There were no main effects of

Offspring of HL mothers (females, n =9; males, n = 10) gender (F(1,33)=.07, p=ns) or interaction effects
showed increased locomotion in the open field compared between the two factors (F(1,33) =.16, p =ns). The time
with offspring of LL mothers (females, n=_8; males, spent in central quadrants did not differ between groups
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Table 1. Litter Size, Mean Pup Weight, and Mean Age (Day
After Birth) of Eye Opening of Pups from the Second Litter
of LL and HL. Mothers (Means = SEM)

LL Pups HL Pups
Litter size, n 10.0£.5 95+ .5
Pup weight on Day 1 (g) 65+.3 7.0+£.2
Pup weight on Day 10 (g) 17.2+.1 18.8+.7
Pup weight on Day 21 (g) 39.141.3 379411
Age of eye opening (days) 143+ .2 13.4 4+ 3%

*p < .05, Student’s 7-test.

(F(1,33)=3.83, p=ns) or genders (F(1,33)=141,
p=ns), and there was no interaction between factors
(F(1,33)=.05, p=ns). HL offspring also showed a
shorter latency to enter into the central quadrants of the
open field compared with LL offspring (group effect
F(1,33) =5.56, p < .05), and a main effect of gender was
detected (F(1,33) =8.97, p < .01), showing that females
had shorter latencies than males, but there was no
interaction between the two factors (F(1,33)=.21,
p =ns), see Figure 2.

EXPERIMENT 3: EFFECTS OF VARIATIONS
IN RECEIVED LICKING BEHAVIOR
ON REPRODUCTIVE FUNCTION

Method

Assessment of Female Puberty Onset. Starting at
30 days of age, female rats were checked daily for vaginal
opening. After that, daily vaginal smears were taken to
establish the age of occurrence of first and second estrus.

Female Sexual Behavior. On the proestrus day, during
the first 2 hr after the beginning of the dark cycle, virgin
females were tested with a proven breeder male. Rats were
videotaped for 15 min in steel cages (70 cm x 70 cm x 35
cm) with a front wall of glass, which allowed complete
viewing of the rats. The indexes of sexual receptiveness
used were the lordosis quotient (the proportion of mounts
that are accompanied by lordosis) and the mean lordosis
intensity (the “quality” of lordosis) (Hardy & DeBold,
1972; Sodersten & Hansen, 1977). The lordosis quotient
was calculated by dividing the total number of lordosis by
the number of mounts. The intensity of lordosis was
assessed using a three-point scale: 1 = slight flex of spin,
slightly raised head and hips with tail base elevated from
floor; 2 = spinal flex, head at an approximate angle of 30°
with the horizontal, front paws placed slightly forward
and hind legs straightened up stiffly; and 3 = pronounced
spinal flex, head at an angle of 45° or more with the
horizontal. The lordosis intensity index was calculated by
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FIGURE 2 Effects of variations in received licking behavior
on open-field test activity of female and male adult rats from the
first litter of LL and HL mothers; (A) total locomotion, (B) time
spent in central quadrants, (C) latencies to enter into the central
quadrants. Data are presented as means +SEM and were
analyzed by a two-way ANOVA (group x gender).

dividing the total points of each rat by the total number of
lordosis displayed. Data are expressed as median (IQR)
and were compared using the Mann—Whitney U-test.

Ovulation. On the morning of the following estrus day,
females were decapitated, the ovaries were removed and
the oviducts were dissected and compressed between
two glass slides. The number of oocytes of both
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oviduct ampullae was counted under microscope (Zeiss,
Goettingen, Germany) with a 2.5x lens. The number of
oocytes from both oviducts was summed and data were
compared using the Mann—Whitney U-test.

Male Sexual Behavior. Sexually inexperienced adult
males were tested for sexual behavior 1-2 hr after the
beginning of the dark phase. The male was habituated to
the testing environment (70 cm x 70 cm x 35 cm) for
10 min before behavioral testing. After this period, a
receptive female was introduced into the observation
cage, and the behavior was videotaped. Each test lasted
until one copulatory series was completed. Each series
included the events from the first mount to the end of
the postejaculatory interval (the first intromission of the
second ejaculatory series). If a male failed to ejaculate in a
period of 30 min, the test was finished. The number of
animals showing mounts intromissions and ejaculation
was registered. In those males that ejaculated, the
following parameters were analyzed: latency of the first
mount, number of mounts, latency of the first intromis-
sion, number of intromissions, and the latency of
ejaculation (Fernandez-Guasti, Larsson, & Beyer, 1986;
Rhees, Lephart, & Eliason, 2001). Females used to test the
sexual behavior of the males were previously ovariecto-
mized and brought to sexual receptiveness by subcuta-
neous injections of estradiol benzoate (20 pg/rat) and
progesterone (500 pg/rat) plus estradiol benzoate (20 pg/
rat) 54 h and six before the test, respectively. All females
were first tested with a sexually active male and only those
proven to be lordotic were used.

Male reproductive parameters are expressed as
median (IQR) and were compared using the Mann—
Whitney U-test. The number of ejaculating males in the
two groups was compared by the 7 test.

Spermatozoa Quantification. Homogenization-resistant
testicular spermatids in the testes and sperm in the caput/
corpus epididymidis and cauda epididymidis were enum-
erated in Neubauer chambers. Daily sperm production per
testis was determined by dividing the total number of
homogenization-resistant spermatids per testis by 6.1 days,
the number of days of a seminiferous cycle in which these
spermatids are present. Transit times through the caput/
corpus epididymidis and cauda epididymidis were calcu-
lated by dividing the number of sperm within each of
these regions by the daily sperm production. The data
(means = SEM) were compared by the Student’s #-test.

Results

Female Puberty Onset. No significant differences were
found in the time of vaginal opening or in the age of first
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Table 2. Puberty Parameters (Means + SEM) and
Ovulation During Adulthood (Median (IQR)) in Female
Pups from the First Litter of LL and HL. Mothers

LL Offspring HL Offspring

Age of vaginal opening (days)  36.1+1.0 373 .8

Age of first estrus (days) 407+ 1.4 405+ 1.1
Age of second estrus (days) 48.2+.8 48.8+1.8
Number of oocytes 10 (9-11) 7 (7-8)*

*p <.001, Mann—Whitney U-test.

and second estrus appearance between LL and HL female
offspring (see Tab. 2).

Female Sexual Behavior. Although no statistical differ-
ences were obtained in the lordosis quotient between
offspring of LL (n=10) and HL (n=13) mothers
(Mann—Whitney U =45.50), the lordosis intensity was
significantly lower in HL female offspring (Mann—
Whitney U =32.00, p < .05) (see Fig. 3A and B).

Ovulation. Adult female offspring of HL mothers
exhibited a significant reduction in ovulation. The number
of oocytes in HL females (n=10) was significantly
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FIGURE 3 Effects of variations in received licking behavior
on lordosis quotient (A) and lordosis intensity (B) of female pups
form the first litter of LL and HL. mothers. Data are plotted as
median (IQR) and analyzed by Mann—Whitney U-test, *p < .05.
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FIGURE 4 Effects of variation in received licking behavior on the male sexual behavior of
male pups from the first litter of LL. and HL mothers; (A) frequency of mounts and intromissions,
(B) percentage of ejaculating males, and (C) latencies to the first mounts, first intromission and
ejaculation. Data are plotted as median (IQR) and analyzed by Mann—Whitney U-test, p < .05.

lower than that observed in LL females (n = 13) (Mann—
Whitney U =20.0, p <.001) (see Tab. 2).

Male Sexual Behavior. The number of ejaculating males
in the 30-min session was not different between LL (6/9,
66.7%) and HL males (8/12, 66.7%) (;{2 test). As shown in
Figure 4, the number of mounts and intromission, as well
as the latency to perform those behaviors did not

significantly differ between HL and LL adult male
offspring (that ejaculated in the 30-min test).

Sperm Quantification. The number of spermatids per
testis, daily sperm production, number of spermatozoa,
and sperm transit time through per caput + corpus and
cauda of the epididymis did not differ between the two
groups of males (LL: n=9, HL: n=10) (see Tab. 3).

Table3. Sperm Quantification in Adult Male Offspring from the First Litter of LL and HL

Mothers (Means + SEM)

LL Males HL Males
Number of spermatids (10%/testis) 231.14+9.6 225.1+£7.5
Number of spermatids (106/g/testis) 161.4+6.6 156.6+5.4
Daily sperm production (number of spermatids x 10%testis/day) ~ 37.8 £ 1.6 369+1.2
Number of spermatozoa x 10%/caput + corpus of epididymis 1323+7.4 1279493
Number of spermatozoa x 10%g/caput + corpus of epididymis ~ 523.5429.4  501.74+29.7
Number of spermatozoa x 10%/cauda of epididymis 131.4+124 142.7+124
Number of spermatozoa x 10%g/cauda of epididymis 70794574  741.0+55.8
Sperm transit time (days) through caput/corpus of epididymis 35£.2 35£3
Sperm transit time (days) through Cauda of epididymis 35+£.3 383
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EXPERIMENT 4: EFFECTS OF RECEIVED
LICKING BEHAVIOR ON
DEVELOPMENTAL PARAMETERS

Method

Body Weight. Weights of the second litters of LL and HL.
mothers were registered on Day 0 (day of birth), Day 10,
and Day 21 (day of weaning). The weight (g) of the whole
litter (male + female pups) was divided by the total
number of pups. Thus, we obtained an average value of the
body weight for each pup, which was used for statistical
analysis.

Assessment of Eye Opening. Age of eye opening was
assessed on the second litter of LL and HL mothers.
Beginning on postnatal Day 10, the litter was removed
from the maternal cage; each pup was gently inspected for
eye opening and then returned to the nest. This procedure
took no more than 1 min, and it was repeated daily until all
the pups opened their eyes. Eye opening was defined as the
slightest break in the membrane sealing the lids of both
eyes.

Pups’ developmental parameters are expressed as
means = SEM (LL and HL) and were analyzed by the
Student’s 7-test.

Results

Pups from HL mothers (n = 8) opened their eyes earlier
than pups of LL mothers (n = 7); however, the two groups
did not differ in the size (number of pups) or body weight
of litters on Day 1 postnatal or in the mean weight of the
culled litter on Day 10 postnatal and at weaning (21 days
of age) (Tab. 1).

DISCUSSION

Maternal Behavior of LL and HL Mothers

Present results showed that Wistar lactating rats could also
be classified into high (HL) and low (LL) licking dams, as
observed by Meaney and coworkers in the Long-Evans
strain (Caldji et al., 1998; Champagne et al., 2003).
However, we found some differences with the previously
reported data, since our LL and HL. mothers did not show
differences in the frequency of arched-back posture, while
in Long-Evans rats the frequency of licking behavior was
significantly correlated with the frequency of adopting
an arched-back nursing posture (Caldji et al., 1998;
Champagne et al., 2003). As in the present study, others
(Moore, Wong, Daum, & Leclair, 1997) have found that
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licking occurs when the dam is in the nest but not during
crouching. This discrepancy could be attributed to
strain differences in maternal behavior. Indeed, using
the neonatal handling procedure, a previous study (Pryce,
Bettschen, & Feldon, 2001) showed differences in the
behavior of Wistar mothers after the return of the pups to
the nest (unchanged licking behavior and less augment in
arched back posture), as compared to the Long-Evans
strain (Liu et al., 1997).

Accordingly with the results obtained by Champagne
etal. (2003), LL and HL mothers did not differ in the time
spent in contact with the pups or in the total time spent
crouching. Also, here we show that the body weight of
the pups on postnatal Day 10 and Day 21 was similar in the
two groups of mothers. Thus, despite the differences, the
natural variations in the maternal behavior provided by
both groups of Wistar rats (HL. and LL) lie within a normal
range of adequate level of maternal care.

Emotionality of LL and HL Offspring

Results show that Wistar rats born and raised by HL
mothers were less inhibited in the open field test, in
accordance with results obtained by Caldji et al. (1998)
using Long-Evans rats. Moreover, Menard et al. (2004)
showed that Long-Evans male offspring of HL. mothers
were less fearful in the shock-probe burying test. These
authors also demonstrate that HL. offspring (but not LL
offspring) displayed shock-induced increases in c-Fos-IR
in limbic structures (dentate gyrus, ventral subiculum,
lateral septum, nucleus accumbens shell, and periaque-
ductal gray) implicated in the reduction of fear. It has been
proposed that maternal licking behavior modifies neural
circuits associated with fear reduction, leading to less
fearful animals in adulthood (Menard et al., 2004).
Moreover, natural differences in maternal behavior can
induce alterations in neuroendocrine systems implicated
in fear regulation. Indeed, HL offspring have decreased
CRF receptor levels in the locus coeruleus (LC) as well as
increased GABA , and benzodiazepine receptor levels in
the basolateral amygdala (Caldji et al., 1998).

On the other hand, a main gender effect was observed
in the latency to enter into the center of the arena, with
females having shorter latencies than males. Interestingly,
similar sex differences were found in previous studies in
our laboratory in handling experiments (Padoin et al.,
2001), where handled females showed higher levels of
exploration than did males. These results are in accor-
dance with several studies showing gender differences in
emotional behavior, where female rats exhibited less fear
or anxietylike behaviors than did males (Fernandes,
Gonzalez, Wilson, & File, 1999; Johnston & File, 1991;
Steenbergen, Heinsbroek, Van Haaren, & Van de Poll,
1989).
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Reproductive Function of LL and HL Offspring

The age of puberty onset, evaluated by the time of vaginal
opening and the occurrence of first and second estrus, did
not differ between females born and raised by LL and HL
mothers. Therefore, the difference in the amount of
licking behavior received by the pups appears to have no
influence on the onset of puberty of females, at least with
the variables analyzed in the present study. In contrast,
Cameron et al. (2005) found that females from LL
mothers showed vaginal opening earlier than did the
offspring of HL mothers. This discrepancy could also be
due to strain differences.

Interestingly, here we show that natural variations in
maternal care altered reproductive function of females in
adulthood. Females born and raised by HL mothers had a
significant reduction in ovulation and lordosis intensity
compared with females of LL. mothers. Thus, the effect of
licking seems to be specific for the intensity of the lordosis
with no influence on the frequency of the behavior.
Differences in lordosis reflex intensity have been related
with different levels of estrogenization and LH levels and
in induction of pregnancy (Gans & McClintock, 1993;
Lehmann & Erskine, 2004). In the same line, Cameron
etal. (2005) showed that the sexual receptivity and the rate
of pregnancy were reduced in females of HL mothers
compared with the LL ones. Conversely, Champagne et al.
(2003) found no difference in the fertility of the offspring
of LL and HL mothers. However, it is important to notice
that the impairment in reproductive function presented by
HL female offspring was partial as they still maintain their
reproductive capability. All females still ovulate and were
sexually receptive.

The effects observed were much less pronounced than
those reported by studies using the neonatal handling
procedure (Gomes et al., 1999). Handled females showed
a drastic reduction in ovulation, most of them presented
anovulatory cycles and had a drastic reduction in sexual
receptiveness. These results could be explained by taking
into account that the variations in licking behavior
observed here fall into a normal range of maternal
behavior, while the augment of licking behavior induced
by the handling procedure could be more intense. This
latter possibility remains speculative, as we did not
perform handling experiments.

In contrast, males born and raised by HL and LL
mothers did not differ in sexual behavior. Moreover, no
differences were detected in daily sperm production and
maturation or in epididymal sperm storage capacity and
epididymal transit.

Thus, reproductive parameters of male rats appear to be
less susceptible to the mother’s behavior than those of
females. One putative explanation for this gender
difference could rely on the sexually biased nature of
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the anogenital licking (Moore & Morelli, 1979). Maternal
licking may be divided in anogenital licking that is
directed to the perineum of pups, and body licking, which
includes snout and oral contact with the general body
surface. Male pups receive more anogenital licking than
do their female siblings (Moore, 1992; Moore & Morelli,
1979). It is possible that male pups are less sensitive to
the higher frequency of licking displayed by HL. mothers
because they already receive high levels of anogenital
licking. Therefore, a slight augment of licking may be
without significant effect. It is important to note that we
are showing variations in total licking of the pups
(anogenital licking and body licking), and possibly for
that reason our data diverges from the classical effect of
maternal anogenital licking on offspring male reproduc-
tion (Moore & Morelli, 1979).

An alternative explanation for that gender difference
could be a gender difference in the licking behavior. We
may speculate that the HL. mothers would have a basal
level of licking directed to both male and female pups that
would not different from the LL ones. The higher level of
licking of the HL mothers could mainly be due to an
enhancement in the licking directed to female pups only.
However, Champagne et al. (2003) did not find significant
differences in total licking received by male as compared
to female pups, although a different strain of rat than the
present study was used.

Relation between the Effects of
the Maternal Behavior on Emotionality
and Reproductive Function

Present results showed that individual differences in
maternal behavior appear not only to be predictive of later
emotionality and stress-responsivity in the offspring, but
can also modulate the reproductive function in females.
Besides being activated by stressful stimuli (Pacak &
Palkovits, 2001; Van Bockstaele, Bajic, Proudfit, &
Valentino, 2001), the LC participates in the control of
luteinizing hormone (LH) secretion, and its activation is
important for the occurrence of gonadotropin surges
(Anselmo-Franci, Franci, Krulich, Antunes-Rodrigues, &
McCann, 1997; Helena, Franci, & Anselmo-Franci, 2002;
Liu, Diorio, Day, Francis, & Meaney, 2000; Lucion et al.,
2003). LCis an integrative noradrenergic nucleus being an
important modulator of both the hypothalamic—pitui-
tary—adrenal and the hypothalamic—pituitary—gonadal
axis. High maternal licking is associated with increased
binding of a2 inhibitory autoreceptor in the LC, and, as a
consequence, an attenuated noradrenergic response to
stress (Caldji et al., 1998; Liu et al., 2000). Thus, the
decreased LC activity induced by the augment in maternal
licking behavior could result in a diminished release of
noradrenaline in the medial preoptic area (MPOA) and,
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consequently, a low surge of LH and, as a consequence, a
reduced ovulation.

Developmental Parameters of LL and HL Pups

Present results showed that pups born and raised by HL
mothers opened their eyes earlier than pups of LL
mothers. This result is in line with neonatal handling
experiments, where handled pups showed precocious eye
opening (Levine, 2000). Accordingly, in a previous study
(Sale etal., 2004), it was found that mice pups raised in an
enriched environment received increased licking behavior
and presented a significant acceleration in the age of eye
opening when compared with pups raised in standard
conditions. It was suggested that the acceleration of the
development could be maternally mediated (Sale et al.,
2004), however, another study (Welberg, Thrivikraman,
& Plotsky, 2006) showed that the environmental enrich-
ment during the neonatal period does not affect maternal
licking in rats, but it decreases the time in nest. Present
results confirm the hypothesis that the stimulation
provided by the mother, in the form of licking, affects
pups’ development. It has been shown that variations in
maternal care can affect neurotrophin levels such as brain
derived neurotrophic factor (BDNF) (Liu et al., 2000).
Moreover, the acceleration in pups’ eye opening was
related to increased BDNF levels in the visual cortex (Sale
et al., 2004). Taken together, these results support the
hypothesis concerning maternal involvement in mediat-
ing this phenomenon. It could be argued that differences in
the time of eye opening found in the present work could be
related to variations in the normal growth of the pups.
However, other developmental parameters, such as pup
growth (measured as body weight gain), were not affected
by different maternal licking levels. Thus, it seems that the
developmental effects exerted by variations in maternal
stimulation received by the pups were rather specific for
precocious eye opening.

GENERAL DISCUSSION

Present results showed that individual differences in
maternal behavior appear not only to be predictive of later
emotionality and stress-responsivity in the offspring but
can also modulate pups’ development and the reproduc-
tive function of female offspring. It is important to note
that in the present study litters were not cross-fostered,
therefore, it is difficult to discern whether the observed
effects are a result of maternal behavior, maternal genetic
factors, differences in the prenatal intrauterine milieu, or a
combination of these.

In this line, experiments with two different strains of
mice, showed that an interaction of both genetic and
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environmental factors determine stress and anxiety
responses (Priebe et al., 2005).

As we hypothesized, high licked female pups showed a
reduction in reproductive function in adulthood. This
phenomenon seems to contradict the expected outcome of
a greater maternal care, and could question the beneficial
effects of licking, as the impairment of female reproduc-
tive function suggests a maladaptive effect. However, it is
important to note that although reduced, all female pups
from HL mothers preserve their reproductive capability.

In the present case, as in many other physiological
functions, a behavioral homeostasis is probably required
for an appropriate development. Female pups raised by
LL mothers seem to follow a normal pattern in terms of
number of oocytes and lordosis behavior. It is interesting
to note that maternal separation induced no long-lasting
change on sexual behavior and reproductive physiology in
females, whereas it decreased sexual behavior in males
(Rhees et al., 2001). Thus, while sexual behavior and
reproductive function in males are more affected by
reduced maternal behavior, females appear to be more
susceptible to a higher level of maternal behavior.
Nevertheless, it is important to note, that the effects of
maternal separation on offspring stress responses appear
not to be mediated solely by alterations in maternal
behavior (Macri, Mason, & Wurbel, 2004).

As mentioned above, the differences in licking
behavior apparently lie within the normal range of
parental behavior (Champagne et al., 2003). Why then
do these spontaneous variations exist and why they induce
effects on female’s reproduction and affective behavior? It
is possible that maternal behavior serve as an interface
between the offspring and environmental conditions and
that the differences in maternal licking behavior reflect
individual strategies for programming offspring’s rudi-
mentary responses to future environmental demands
(Caldji et al., 1998; Fish et al., 2004). Meaney and
coworkers have shown that gene expression is signifi-
cantly altered in the hippocampus of adult rats as a
repercussion of maternal care received during lactation.
This maternal programming involves modifications of
epigenetic mechanisms, including DNA methylation and
histone modification of a nerve growth factor inducible
protein A transcription factor binding site on a brain-
specific glucocorticoid receptor promoter (Weaver et al.,
2004). These differences in gene expression may, at least
in part, form the molecular basis for the effect of early-life
experience on the development HPA responses to stress in
the offspring, which are endured throughout life (Weaver,
Meaney, & Szyf, 2006).

Similar mechanisms could be responsible for the
effects on female reproductive function through acting
in brain areas related to reproduction. It would be
interesting to explore this possibility.
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Abstract

Female rats have a fertile postpartum estrus, which can result in a simultaneous gestation and lactation and later in the overlapping of two different-
age litters. These different physiological and contextual situations may affect the maternal behavior of lactating rats and provoke long-lasting changes
in the affective behavior of the litter. Therefore, we aimed to assess the effect of pregnancy and of litter overlapping on the maternal behavior of
lactating rats and to describe the maternal- and anxiety-like behaviors of the juveniles that remained in contact with their younger siblings. Results
showed that pregnant lactating rats spent more time outside the nest and less time nursing than non-pregnant mothers. On the other side, mothers with
overlapping litters licked less the newborn pups than mothers with single litters. These deficits in maternal licking received by neonates were
overridden by the juveniles’ licking behavior to their younger siblings. Adult male and diestrous female rats reared with younger siblings showed a
reduced anxiety-like behavior as compared to age-weaning matched animals without this experience. Thus, natural changes in the reproductive

conditions and in the early experience, affect the maternal behavior and long-term modulate affective behavior of the individuals.

© 2008 Elsevier Inc. All rights reserved.

Keywords: Postpartum estrus; Early experience; Maternal behavior; Anxiety

1. Introduction

Female rats can conceive in the postpartum estrus, which
normally occurs during the first 6 to 15 h following parturition
[1,2]. This enables them to gestate one litter while simulta-
neously nurturing another. Even though the maintenance phase
of maternal behavior is primarily based on pups’ sensory
stimulation and not on hormonal factors [3,4], no study to our
knowledge has investigated how a concurrent gestation affects
the maternal behavior of lactating rats.

Following the birth of a new litter, older offspring may
remain in the maternal burrow and share the nest with their
younger siblings [5,6]. As the maternal behavior primarily

* Corresponding author. Tel.: +55 51 3308 3359; fax: +55 51 3308 3656.
E-mail address: natiuria@gmail.com (N. Uriarte).

0031-9384/$ - see front matter © 2008 Elsevier Inc. All rights reserved.
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depends on the stimulation of the pups, it could be hypothesized
that during litter overlapping, the mothers adapt their behavior
according to the characteristics and demands of the two
different-age litters.

The behavior of juvenile rats toward neonates has been well
studied in the context of maternal sensitization experiments
(induction of maternal behavior through continuous exposure to
neonatal pups) [7—10]. However, few studies [5,11] have
explored this behavior in a more ethological context, as would
be the case with the overlapping of successive litters. While
some studies reported that older pups may show care-giving
behaviors toward neonates and therefore complement the ma-
ternal care of the lactating female [5,11], others suggested that
juveniles compete with their younger siblings for maternal
attention [12].

Early-life environmental factors exert long-term influences
on rodents’ affective behavior [13—17]. In the present model of
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overlapped litters, the pre-weaning experiences of the juveniles
include not only those acquired during interaction with the
mother and age-matched littermates, but also with the newborn
siblings. Based on previous findings showing that a previous
maternal experience reduces anxiety-like behavior later in life
[18], we hypothesized that the early experience of juveniles
with younger siblings, which provokes maternal-like behaviors
[11], would produce a long-term decrease in the emotionality of
overlapped reared juveniles.

In this study, we aimed to assess if: 1) postpartum pregnancy
modifies maternal behavior, 2) the maternal behavior is affected
by the presence of older siblings and 3) the experience with
younger siblings affects the emotionality of adult offspring.

2. Methods
2.1. Animals

Male and female Wistar rats were obtained from the colony
maintained in the Federal University of Rio Grande do Sul
Laboratory Animal Facility. Animals were kept under 12-h
light/dark cycle conditions (lights off at 18:00 h) and in a stable
environmental temperature (21 °C) with ad-lib access to rat
chow (Nutrilab, Colombo, Brazil) and water. All procedures
used in this study followed the guidelines for the care and use of
Laboratory Animals from the National Institute of Health and
were approved by the Research Committee of the Federal
University of Rio Grande do Sul.

2.2. Experiment I: maternal behavior and total stimulation
received by pups following postpartum mating

2.2.1. Experimental groups and comparisons
Experimental groups are illustrated in Fig. 1.

N. Uriarte et al. / Physiology & Behavior 93 (2008) 1061-1070

To assess the effect of pregnancy on the maternal behavior of
lactating rats, the following groups of mothers were compared:

1) Primiparous non-pregnant lactating rats (group NPL, n=10):
females nursing the first litter, mated in postpartum estrus but
that did not become pregnant.

2) Primiparous pregnant lactating rats (group PL, n=14):
females nursing the first litter while pregnant with a second
litter conceived at the postpartum estrus.

To assess the effect of raising two different-aged litters on the
maternal behavior of postpartum females to the newborn pups,
the following groups were compared:

3) Multiparous lactating rats with overlapped litters (group
MOL, n=14): females nursing the second litter conceived at
postpartum estrus and two juveniles from the first litter.

4) Multiparous lactating rats with a single litter (group MSL,
n=10): females nursing the second litter conceived at post-
partum estrus; the first litter was removed before parturition
of the second litter.

To determine the effects of litter overlapping on maternal
behavior toward juveniles we compared the behavior of MOL
mothers with that of:

5) Late postpartum rats with a single litter (group LPSL, n=10):
females raising two juveniles from the first litter, after PPD 21.

In addition, the MOL dams’ behavior toward their juveniles
vs. newborn pups was compared.

To compare the total stimulation received by the newborn
pups reared in single vs. overlapped litters, the behavior of the
two juveniles (older litter of MOL mothers) toward their younger

single litter

single litter
PPDO PPD 21
1 NPL mothers ] +2juveniles LPSL mothers
unsuccessful
mating

: + 2 juveniles 1

2nd litter
PPDO
MOL mothers

1st litter

1st litter  2nd litter
PPDO  GD1 PPD 21
1 | PL mothers
4 : 2nd litter
3 : PPDO
mating Y 1 MSL mothers

WEANING

Fig. 1. Schematic representation of experimental groups of mothers studied. NPL: primiparous non-pregnant lactating rats, PL: primiparous pregnant lactating rats,
MOL: multiparous lactating rats with overlapped litters, MSL: multiparous lactating rats with a single litter, LPSL: late postpartum rats with a single litter.
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siblings was registered. The total stimulation received by new-
born pups in the overlapped litter was calculated by adding the
behavior of the mother and the behavior of the two juveniles.

2.2.2. Breeding procedure

Breeding was synchronized by monitoring the estrous cyclicity
of females. Vaginal smears were taken daily and nulliparous
females (90 days old) on their second regular proestrus were
placed overnight with a sexually experienced male. Successful
mating was confirmed the next morning by the presence of
spermatozoids in the vaginal smear and that day was designated as
day 1 of gestation (GDI1). Animals were marked with a
permanent-ink pen in the tail for individual identification and
housed in white polycarbonate cages (16 cmx28 cmx42 cm) in
same-sex groups of 3 to 4 females and of two males.
Approximately 7 days before delivery, pregnant females were
separated and housed in transparent polycarbonate cages
(16 cmx28 cm x42 c¢m) with the same males as before. Starting
on GD20, the presence of pups was checked daily at the beginning
and end of the light period, and on the day of birth (PPDO) the
behavior of parturient females and males was observed to avoid
agonistic behaviors or cannibalism of the pups. On the following
day (second litter GD1), the male was removed, the presence of
spermatozoids was checked, the litter was weighed and the
number of pups was culled to 8 per dam (with usually 4 or at least 3
pups of each sex). At weaning (PPD21), juveniles of the first litter
were removed, weighed and housed in same-sex same-litter cages.

In the case of mothers that remained with juveniles (MOL
and LPSL), one male and one female were returned to the home
cage. Female juveniles were marked in the ears and tail with a
permanent-ink pen for individual identification in behavioral
observations. Beginning on GD21 of the second litter, the
presence of newborn pups was checked twice a day, and on
PPD1 the second litter was weighed and culled in the same way
as the first one.

2.2.3. Behavioral observations

The behaviors of lactating females and of juveniles (if present)
were scored daily during four, 72-min observation sessions from
PPD1 to PPD10. Observations occurred at regular times with three
periods during the light phase (1000, 1300, 1600 h) and one during
the dark phase of the light—dark cycle (1830 h). Within each
session, the behavior of each subject was scored every 3 min (25
observations per period x4 periods per day=100 observations/
subject/day). Data are shown as means+SEM of the percentage
frequencies from a total of 1000 observations for each rat (100
observations per day during the first ten day postpartum) [19].

The following behaviors of the mothers were registered:
Mother off pups, the mother is away from the nest and without
physical contact with the pups; Licking the pups (either the
body surface or its anogenital region); Nursing, the mother
nursing 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; Retrieving and mouthing, retrieval of the
displaced pups or oral repositioning of the pups into the nest;
Nest building, the female pushes or picks up nest material in

her mouth; Aggressive behavior, any agonistic behavior toward
juveniles, that usually consists in dominating postures and mild
attacks.

Additionally, the following behaviors of the juveniles were
registered: Lying in contact or hovering over the pups, Licking,
Retrieving and Off neonatal pups, defined as in the mother’s
behavior and Play behavior, any playful behavior directed to the
juvenile sibling or the mother. The occurrence of cannibalism
or nipple displacement was also registered. The frequency with
which neonatal pups were observed away from the nest and the
time that the second litter was effectively left alone (absence of the
mother and the two juvenile siblings) in the nest was also recorded.

2.2.4. Statistics

Behavioral data fit parametric testing assumptions
(Kolmogorov—Smirnov and Cochran C test) and therefore
were analyzed by parametric tests. Maternal behavior was
analyzed by the Student’s unpaired 7 test except for the
comparison of MOL maternal behavior toward juvenile vs.
newborn pups, and of male and female juveniles’ behavior,
which were performed by the Student’s paired ¢ test. Corre-
lation analysis between the length of gestation and the
number of pups was performed using the Pearson correlation
analysis. The number of females that conceived/not con-
ceived during the first mating or the postpartum estrus was
compared by the Fisher exact probability test.

2.3. Experiment II: effect of litter overlapping on the emotionality
of overlapped reared juveniles

2.3.1. Experimental groups

To assess the long-term effects induced by the early
experience with newborn siblings on emotionality, we analyzed
the anxiety-like behavior of overlapped reared juveniles (senior
offspring of MOL mothers: males, n=15; females, n=11) and
single reared late-weaned juveniles (offspring of LPSL mothers:
males, n=11; females, n=8) in the open field and the elevated
plus maze tests.

2.3.2. Procedure

Adult male and female offspring from MOL and LPSL
mothers were used in this study. Pups were maintained with
their mothers until weaning (PPD35-39), and then housed in
same-sex, same-litter groups of three to four animals per cage
and left undisturbed until the time of testing (approximately
90 days of age). The behavior of adult male and female rats was
evaluated in the open field test and four days later the same
animals were tested in the plus maze test. Females were tested in
diestrus. For monitoring oestrus cycle, daily vaginal smears
were taken, and only those females with two consecutive
regular cycles were used for behavioral testing.

2.3.3. Behavioral tests

Behavioral tests were performed in a separate testing room
with the same temperature and photoperiod conditions of the
breeding room, during the light period of the cycle. Animals
were individually housed, transported to the testing room and
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Table 1
Characteristics of single vs. overlapping litters

Single litter Overlapped litter
Litter size (n) 8.5+0.5 9.6+0.7
Sex ratio (n males/total) 0.52+0.04 0.48+0.05
Litter weight on day 1 pp (g) 68.2+3.7 76.9+8.5
Mean pup weight on day 10 pp (g)
Males 20.3+0.9 21.4+0.7
Females 19.8+0.9 21.0+0.6
Mean pup weight on day 21 pp (g)
Males 41.3+1.6 415+1.5
Females 40.1+1.2 40.1+1.4

*p<0.05 Student’s ¢ test.

left to acclimatize at least 1 h before testing. After each test, the
apparatus used was cleaned thoroughly with 70% ethanol and
allowed to dry completely between test sessions. Behavioral
tests were recorded on VHS-video tape and analyzed later
using the computer software: The Observer Pro® (Noldus,
Wageningen, The Netherlands) by an experienced observer
blind to the subjects’ experimental condition.

2.3.4. Open field test

The apparatus was a 100 cm square open field that was
evenly illuminated by overhead fluorescent lights. The arena
was divided into twenty-five 20-cm squares painted on the floor.

N. Uriarte et al. / Physiology & Behavior 93 (2008) 1061-1070

Central area was defined as the nine inner quadrants of the
arena. Each animal was placed in one corner of the open field
and its behavior was videotaped over a 5-min session. The
following behavioral parameters were recorded: frequency of
entries and time spent in central quadrants of the arena, duration
(s) of locomotion and frequency of rearing [20].

2.3.5. Elevated plus maze test

This model consists of an elevated (40 cm above the floor)
plus-shaped maze with two opposite enclosed (50 cm-high
walls) and two open arms, each measuring 50 cm long x 10 cm
wide. Each animal was placed in the center of the maze facing a
closed arm and allowed to freely explore the maze for 5 min.
The behavioral parameters assessed were: frequency of total
entries (arm entry, all four paws into an arm), percentage of
open arms entries (100 x open/total), percentage of time spent in
the open arms (100 x open/total) and frequency of head dipping,
stretched-attend posture and rearing [21].

2.3.6. Statistics

Data obtained in the open field and elevated plus maze tests
were compared by a two-way analyses of variance (ANOVA)
using group (rearing condition) and sex as factors. Post hoc
comparisons were carried out using Newman—Keuls test. In all
cases, a p<0.05 was considered significant.
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Fig. 2. Maternal behavior toward neonates displayed by: primiparous non-pregnant lactating rats (NPL mothers), and primiparous pregnant lactating rats (PL mothers).
A. Nursing postures, total nursing behavior and frequency of the mother outside the nest. B. Active components of maternal behavior: licking, nest building, and
retrieving of the pups. Data are shown as means+SEM of the percentage frequencies from a total of 1000 observations for each rat (100 observations per day).

*Represents significant differences, Student’s unpaired ¢ test, p<0.05).
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3. Results
3.1. Experiment [

3.1.1. Characteristics of gestations and pups

From a total of 28 females that were mated on the postpartum
estrus, 15 (53.6%) became pregnant and successfully delivered
a second litter. This percentage was not different from that of
successful pregnancies obtained in the first mating (46.9%)
(Fisher exact probability test, p=0.64).

The pregnancy duration (days) of the lactating mothers
(27.6+0.8) was significantly longer than that of the non-
lactating mothers (22.9+0.2), p<0.05, Student’s ¢ test.

The number of pups per litter and the sex ratio did not differ
between single and overlapped litters. No significant correlation
was detected between the length of the second gestation and the
number of pups per litter (Pearson r=-0.17, p=ns). The
weights of single and overlapped litters on PPD 1, 10 or 21 did
not differ (see Table 1).

3.1.2. Effect of a concurrent pregnancy on dams' maternal
behavior

As shown in Fig. 2, some components of maternal behavior
were affected by the concurrent gestation and lactation. Thus, the
total frequency that mothers were registered in a nursing position

A 60

was lower in pregnant (PL) as compared to non-pregnant (NPL)
lactating females (p<0.05, Student’s ¢ test). PL mothers showed
a significant decrease (p<0.05, Student’s 7 test) in the blanket
posture frequency compared to NPL females, while the other
nursing postures (arched-back and supine) did not differ
between the two groups (p=ns, Student’s ¢ test). Fig. 2 (panel
B) also shows that the frequency that PL mothers were observed
outside the nest leaving the pups alone was significantly higher
than that observed in the NPL group (»<0.05, Student’s ¢ test).

3.1.3. Effect of the litter overlapping on the dams' maternal
behavior to newborn pups

The frequency of nursing the newborn pups did not differ
between mothers with single (MSL) or overlapped litters
(MOL), however, as shown in Fig. 3, the frequency in which the
mother was outside the nest showed a tendency to be higher
when litters were overlapped (p=0.06, Student’s ¢ test). While
retrieving of neonates was not different between MSL and MOL
mothers, licking behavior was significantly lower in MOL
mothers (p<0.05, Student’s ¢ test), see Fig. 3.

3.1.4. Effect of the litter overlapping on dams' maternal
behavior to juveniles

The mothers were observed with significantly less frequency
nursing the juveniles than the neonates (total frequency of
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Fig. 3. Maternal behavior toward neonates displayed by multiparous lactating rats with overlapped litters (MOL mothers) and multiparous lactating rats with a single
litter (MSL mothers) A. Nursing postures, total nursing behavior and frequency of the mother outside the nest. B. Active components of maternal behavior: licking,
nest building and pup retrieving. Data are shown as means+SEM of the percentage frequencies from a total of 1000 observations for each rat (100 observations per

day). *Represents significant differences, Student’s unpaired ¢ test, p<0.05).
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nursing, neonates: 41.45+1.75 and juveniles: 4.76+2.19;
p<0.01, Student’s paired ¢ test). In addition the frequency of
mothers’ licking behavior (0.13+£0.04) and retrieving (0.12+
0.10) to juveniles was almost absent. MOL females’ maternal and
aggressive behaviors directed to juveniles differed from that of
LPSL females. Nursing received by juveniles was very low
during pre-pubertal period in the absence of a second litter,
however, when younger siblings were present, the mothers
accepted, in a more extent, juveniles’ attempts to suckle (total
frequency spent nursing, MOL: 5.13+2.33; LPSL: 0.04+0.04,
p<0.05, Student’s ¢ test). The juveniles in overlapping litters
received less maternal licking (MOL: 0.16+0.05; LPSL: 0.64+
0.16, p<0.001, Student’s ¢ test) and some maternal aggressive
behavior (MOL: 0.43+0.13; LPSL: 0.03+0.02, p<0.05, Stu-
dent’s 7 test) when compared with single juveniles. However,
despite some episodes of maternal aggression, juveniles in
overlapped litters spent significantly more time in contact with the
mother than juveniles from LPSL mothers (MOL: 67.14+3.93;
LPSL: 34.25+2.54, p<0.05, Student’s 7 test).

3.1.5. Effect of litter overlapping on the behavior of the juveniles

Neither cannibalism, aggressive behavior toward neonatal or
attempts to remove them from the nipples of the mother or from
the nest were observed. Moreover, juveniles spent considerable
time in the nest in close contact with their younger siblings, in
the presence and even in the absence of the mother and licked
younger pups (Fig. 4). No differences were found in the
behavior of male and female juveniles (frequency of lickings:
female: 0.26+0.07 and male 0.32+0.08; time (s) in contact:
female: 37.09+5.75 and male 36.41+5.78; play behavior:
female: 2.454+0.29 and male: 2.52+0.29).

3.1.6. Stimulation received by newborns in the overlapped litters
The social environment in which the newborn pups
developed in the overlapping litters was quite different from

A RECEIVED LICKING BEHAVIOR
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the standard familiar composition of single lactations. Thus,
both the mother and the two older siblings shaped the
stimulation that they received. MOL mothers licked less the
neonates than MSL ones (p<0.05, Student’s  test), noteworthy,
the total licking stimulation, received by the newborn pups
raised by both groups, did not differ (p=ns, Student’s ¢ test),
due to the licking behavior displayed by juveniles. Moreover,
even though MOL mothers spent less time in the nest (Fig. 3),
the frequency in which the newborns were left unattended did
not differ between single or overlapped litters, due again to the
presence of the juvenile siblings in the nest (p<0.05, Student’s
t test) (see Fig. 4).

3.2. Experiment II. Effect of litter overlapping on the emotionality
of juveniles

As shown in Fig. 5A, the behavior of adult rats in the open
field did not significantly differ as a function of rearing condi-
tion or sex. The duration (s) of locomotion (group: F(1,41)=
0.13; sex: F(1,41)=0.01), time spent (group: F(1,41)=1.57,
sex: F(1,41)=0.74) and frequency of entries in central quadrants
of'the arena (group: F(1,41)=1.77; sex: F(1,41)=0.03) were not
different between male and female overlapped reared juveniles
and single reared late-weaned juveniles.

Interestingly, in the plus maze test, the experience with neonates
during juvenile period reduced anxiety-like behavior (see Fig. 5B).
Thus, overlapped reared juveniles significantly increased the
percentage of entries (F(1,36)=6.72, p<0.05) and time spent in
open arms (£(1,36)=4.69, p<0.05), and decreased the frequency
of stretched-attend postures (males: 11.29+1.54 vs. 8.00+£4.30;
females: 8.33+£0.88 vs. 6.54+0.62; F(1,36)=5.97, p<0.05) as
compared to non-overlapped offspring during adulthood.

A significant interaction between rearing condition and sex
was found for rearing behavior (F(1,36)=6.32, p<0.05), with
overlapped reared females performing more rearing than non-
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Fig. 4. A. Licking behavior received by neonatal pups reared in single or overlapped litters. B. Frequency of the mother spent off the nest and that pups remained alone
in the nest, note that in overlapped litters either the mother or the juveniles could be attending to the pups on the nest. Data are shown as means+SEM of the percentage
frequencies from a total of 1000 observations for each rat (100 observations per day). *Represents significant differences, Student’s unpaired ¢ test, p<0.05).
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overlapped ones (17.7+2.2 vs. 10.3£0.9, p<0.05) and non-
overlapped reared females showing significantly less frequency
than non-overlapped males (10.3+0.9, p<0.05 vs. 16.7+1.6,
p<0.05). As shown in Fig. 5B, the experience with neonates
during juvenile period did not affect total activity in the plus
maze test, since the number of total entries did not differ
between groups (F(1,36)=1.89).

4. Discussion
The main findings of the present study are:

1. Pregnancy decreased total nursing behavior and nest
attendance of lactating dams, without affecting the growth
of pups or the active components of maternal behavior.

2. Neonates reared with older siblings received less licking
behavior from their mothers than those singly reared, but
this deficit was compensated by licking performed by older
siblings.

3. Being reared in close contact with younger siblings reduced
anxiety-like behavior at adulthood in males and diestrous
females as compared to control animals.

4.1. Characteristics of gestations and pups

The duration of gestation that occurs concurrently with
lactation was longer than a regular pregnancy [5,11,22],
probably due to a suckling-induced delay in embryo implanta-
tion [23]. As reported in previous studies [5,24] a similar
percentage of successful pregnancies occurred following mating
in regular or postpartum estrus and the litter size and sex of the
pups born after single gestations did not differ from those born
after a gestation concomitant with lactation. According to
previous reports [5,22,25,26], no differences were found in the
growth of the pups reared in single or overlapped litters,
suggesting that females that conceived during postpartum estrus
may allocate the same resources to neonates in both reproductive
conditions.
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4.2. Pregnancy decreased nest attendance and total nursing
behavior

The behavior of mothers that were concomitantly gestating
and lactating (PL) did not show major differences from that of
non-pregnant mothers (NPL), consistently with findings in mice
[27]. However, the frequency of being outside the nest was
significantly higher in PL mothers, possibly due to an increase
in body temperature forcing the termination of nest bouts to
dissipate the heat load [28,29].

Interestingly, PL mothers showed decreased frequency of
nursing relative to NPL mothers, due, at least in part, to the lower
duration of the blanket posture. However, since the growth of the
pups did not differ according to the mother’s reproductive
condition, it can be inferred that total milk transference was
similar in both groups. In this sense, the blanket posture has been
considered the least effective nursing position for milk letdown
[30]. In addition, the arched-back nursing, considered the most
effective posture for pups’ suckling [30] was displayed similarly
by both groups.

4.3. Raising overlapped litters affected dams' maternal
behavior toward younger pups

MOL mothers licked pups less than MSL mothers, showing
that the presence of juveniles affected this maternal behavior
component, accordingly with results found in prairie voles [31].
However, the total licking received by neonates raised together
with juveniles was similar to that gained by pups in single litters
due to licking received from the juveniles (present results, [31]).
The mechanisms by which these changes in maternal licking
behavior occur are unknown, although it could be speculated
that MOL mothers experienced specific physiological changes
that induced a decrease in licking behavior. Hormonal status
appears not to be the responsible factor for these differences,
since both MOL and MSL mothers were mated at postpartum
estrus and were pregnant concurrently with the lactation, thus
having similar endocrine profiles. We may also discard possible
differences in pup-raising experience, since the two groups of
dams had previous maternal experience.

A putative explanation for the reduced maternal licking
behavior can be based on the pups’ role in promoting their own
care as a function of their physiological needs [32—34]. Less
demanding pups, as could be those reared with juveniles, will
elicit less maternal behavior.

Since licking behavior is an important modulator of several
functions [15,35—37] the maintenance of this behavior in a con-
stant amount during the overlapping of litters could be important.
In this line, we have found that spontaneous high frequency of
licking behavior during the neonatal period induces deleterious
long-lasting effects in female’s reproductive function [15].

4.4. The presence of a new litter modified the maternal behavior
toward older pups

As previously reported [5,11], we found that the birth of
a second litter as a consequence of postpartum mating did

not automatically promote the weaning of the first litter.
Furthermore, it appears that mothers continue to nurse
juveniles only if a second litter is present, as juveniles that
remained with mothers beyond PPD 21 without a younger
litter (LPSL mothers), were rarely seen sucking. However,
even though the presence of younger siblings increased the
frequency of nursing, most commonly the mother nursed the
neonates while the juveniles were in close contact with her
without being nursed. This result is in accordance with
previous findings showing extended suckling in rats (up to
60 days old) if they have access to foster dams that are actively
nursing [38].

In addition, MOL, but not LPSL mothers displayed some
aggressive behaviors toward juveniles (never to neonates). This
behavior was not associated with juveniles’ suckling attempts,
but with approaches to the nest site when playing (present
results, [5]), suggesting that aggression directed towards the
older pups does not constitute a weaning mechanism but is
probably related to the protection of the neonates.

The present results show that when pups of two different-age
litters share the same nest environment, the mothers can adapt
their behavior and direct maternal care preferentially toward the
newborns. Maternal behavior and maternal motivation decline
as lactation progresses [39,40], probably because older pups
elicit less maternal behavior than newborns.

4.5. Juveniles showed parental behavior toward younger
siblings

In agreement with previous results [11], all juveniles licked
their newborn siblings and spent significant amounts of time in
contact with them, even when the mother was not present in the
nest.

Juveniles may obtain direct benefits from the increased
social and parental experience gained by interacting with the
younger siblings [31,41]. Indeed, prior cohabitation with
newborn pups reduces the latency to become maternal in
adulthood [10,11,42,43]. Also, as discussed previously, the
heightened parental responsiveness of juvenile rats could be a
mechanism that evolved via kin selection to ensure that an older
litter would not attack its younger siblings [44].

4.6. Experience with younger siblings affects emotionality of
overlapped reared juveniles during adulthood

Being reared in close contact with younger siblings induced
licking behavior in juveniles and reduced anxiety-like behaviors
in the plus maze test in males and diestrous females compared
with age-weaning matched animals without newborn experi-
ence. In this line, primiparous rats are less anxious in the
elevated plus maze than nulliparous during proestrus [18]. Also,
prior maternal experience, following pregnancy and parturition
or through a sensitization procedure, establishes a “maternal
memory” that persists for up to 80 days, inducing similar
diminished levels of anxiety [45]. Taken together, these results
and present study support the idea that the prior maternal
experience can differentially affect animals’ responses to
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environmental stimuli. It is possible that under more stressful or
challenging circumstances than the typical laboratory condi-
tions, females with prior experience with younger siblings may
be more successful mothers with their first litter [11].

Alternatively, the overlapping litter model could be viewed
as an early social-enriched environment. In this line, rabbits that
have higher degrees of social interaction during the juvenile
period, exhibit less fear behavior when confronted to experi-
mental aversive stimuli in adulthood [46].

As discussed in a recent study [14], when reared in a
complex social condition, factors other than maternal be-
havior occurring in the early postnatal life could shape the
adult emotional response. Interestingly, opposite results were
found in the communal rearing model, as a highly social
stimulating environment (three mothers keep their pups
together and share care-giving behavior) increases levels of
anxiety in adult mice and brain-derived neurotrophic factor
(BDNF) levels [47]. We can hypothesize that the interaction
with younger siblings could promote a decrease of BDNF
levels in hippocampus or other brain areas related to anxiety
regulation.

It is worth mentioning that juveniles in overlapped litters
received less total nursing during the neonatal period from
their pregnant mothers than their controls. As differences in
maternal behavior importantly affect offspring’s responses
[15,48], this factor must be taken into account. However, the
behavioral component that is critically involved in these
effects is the licking behavior [15], that was not different
between pregnant and non-pregnant mothers. Also, during the
juvenile age, overlapped offspring received more nursing
behavior and less licking behavior than their weaning-matched
controls. We may also discard this factor in the emotionality
effects as it has been shown that the influence of maternal care
occurs during the early postpartum period [15,48] but not at
later stages of lactation [49,50]. Taken together, these data
suggest that there is no influence of maternal behavior on the
effects observed in overlapped reared juveniles’ emotionality
during adulthood.

The decreased anxiety of parentally experienced animals
was observed only in the plus maze test while behavioral
responses in the open field test were not different, suggesting a
context specific response [46]. The difference between the
behavior of animals in the two models could be attributed to a
more aversive situation induced in the open field. Indeed,
mother rats are less anxious in the plus maze test [51] but not
when confronted with a bright white light illuminated open
field [52,53], which is considered a highly anxiogenic situation
[54].

In summary, postpartum mating give rise to a more complex
family unit consisting of the mother and two overlapped litters
in which she can adapt her behavior to the different
characteristics of the pups. The overlapping of litters provides
a highly stimulating social environment for juveniles, as it
allows an increased interaction with their mother and the
development of parental behavior toward younger. These
changes in early experience long-term modified the affective
behavior of both adult male and female rats.
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Abstract

In rats, mating at postpartum estrus and delayed dispersal of the young would
result in the overlapping of two different-age litters. As a consequence,
newborn pups’ early experience will include not only that acquired during the
interaction with the mother and age-matched littermates, but also with older
siblings. As early-life experience induces modulates rodents’ brain function,
behavior and reproduction, we aimed to assess how changes in the early
environment provoked by the overlapping of litters would affect emotionality,
stress response and reproductive functions of male and female pups during
adulthood. Results showed that overlapped reared pups, both males and
females, exhibited a reduced behavioral inhibition in the open field test during
adulthood. In addition, overlapped reared adult females, but not males,
showed a blunted corticosterone (CORT) response to an acute stressor
during diestrus and a reduction in sexual behavior. In summary, natural
changes in early experience provoked by the overlapping of litters, long-term
modulate affective behavior, and the stress and reproductive function in a sex

dimorphic manner.

Key words: overlapping litters, early experience, anxiety, stress, reproduction
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Introduction

Mating at postpartum estrus is a common situation for rodents in nature
(Calhoun, 1963; Hayes, 2000). If older offspring remain in the maternal burrow
following the birth of a new litter conceived at postpartum estrus, temporal
overlapping of successive litters will occur (Calhoun, 1963; Gilbert, Burgoon,
Sullivan, & Adler, 1983). In a previous study, we showed that the maternal
behavior of female rats toward newborn pups is affected by the presence of
older siblings. When raising overlapping litters (two juveniles from the former
litter and the newborn from the second one), mothers licked the newborn pups
less than mothers with single litters (Uriarte, Ferreira, Rosa, Sebben, &
Lucion, 2008). Interestingly, juveniles, both males and females, developed
maternal-like behaviors toward their newborn siblings and overrode the deficit
in maternal licking behavior received by newborn of the second litter (Uriarte

et al., 2008).

As early-life environment exerts long-term influences on rodents’ brain,
behavior and reproductive functions (Benetti, Andrade de Araujo, Sanvitto, &
Lucion, 2007; Branchi & Alleva, 2006; Caldji, Tannenbaum, Sharma, Francis,
Plotsky, & Meaney, 1998; Laviola & Terranova, 1998; Uriarte, Breigeiron,
Benetti, Rosa, & Lucion, 2007), we hypothesized that the altered pattern of
sensory stimulation received by pups reared in overlapped litters can modify
their emotionality, stress response and reproductive functions in adulthood.
Therefore, the present study aimed to characterize the anxiety-like behavior in

the open field test, the endocrine stress response to an acute stressor, and
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the reproductive function and sexual behavior of adult male and female rats

reared in overlapped litters.

Material and Methods

Animals

Male and female Wistar rats were obtained from the colony maintained in the
Federal University of Rio Grande do Sul Laboratory Animal Facility. Animals
were kept on a 12-h light/dark cycle (lights off at 18:00 h) and in a stable
environmental temperature (21<C) with ad-lib access to rat chow (Nutrilab,
Colombo, Brazil) and water. All procedures used in this study followed the
guidelines for the care and use of Laboratory Animals from the National
Institute of Health and were approved by the Research Committee of the

Federal University of Rio Grande do Sul.

Experimental groups and general procedure

Nulliparous females (90 days old) were placed overnight with a sexually
experienced male. Successful mating was confirmed next morning by the
presence of spermatozoids in the vaginal smear and that day designated as
day 1 of gestation (GD1). Approximately 7 days before delivery, pregnant
females were re-housed with the same males to impregnate in the postpartum
estrus. Starting on GD20, the presence of pups was checked daily at the
beginning and end of the light period, and on the day of birth (PPDO) the
behavior of parturient females and males was observed to avoid agonistic
behaviors or cannibalism of the pups. On the following day (second litter

GD1), the male was removed, the presence of spermatozoids was checked,



and the newborn litter was culled to 8 pups per dam (with usually 4 or at least
3 pups of each sex). Before parturition of the second litter, 21 day-old
juveniles of the first litter were weaned. In the single reared condition (SR), the
mothers remained with the second litter conceived at postpartum estrus while
in the overlapped rearing condition (OR), two juveniles (one male and one
female) were returned to the home cage and remained for 10 days after the
birth of the second litter. The presence of newborn pups was checked twice a
day from GD20, and on PPD1 the second litter was weighed and culled in the
same way as the first one. In both groups, the second litter was maintained
with their mother until weaning (PPD21), and then housed in same-sex, same-
litter groups of three to four animals per cage. Experimental tests were
performed when animals were three months old. Adult animals were used in
only one behavioral test and within each group all subjects were from different

litters.

Estrous cycle
Estrous phase was determined by microscope examination of daily vaginal
smears. Only females showing two consecutive regular cycles were used for

behavioral testing and ovulation assessment.
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Anxiety-like responses

The behavior of adult male and female rats was evaluated in the open field
test during the light period of the cycle. Females were tested in diestrus.
Behavioral tests were performed in a separate testing room with the same
temperature and photoperiod conditions of the breeding room. Animals were
individually housed, transported to the testing room and left to acclimatize at
least one hour before testing. After each test, the apparatus was cleaned
thoroughly with 70% ethanol and allowed to dry completely between test
sessions. Behavioral tests were recorded on VHS-video tape and analyzed
later using the computer software: The Observer Pro® (Noldus, Wageningen,
The Netherlands) by an experienced observer blind to subjects’ experimental

condition.

Open field test

The apparatus was a 100 cm square open field that was evenly illuminated by
overhead fluorescent lights. The arena was divided into twenty-five 20-cm
squares painted on the floor. Central area was defined as the nine inner
quadrants of the arena. Each animal was placed in one corner of the open
field and its behavior was videotaped over a 5-min session. The following
behavioral parameters were recorded: frequency of entries and time spent in
central quadrants of the arena, duration (s) of locomotion and frequency of

rearing (Padoin, Cadore, Gomes, Barros, & Lucion, 2001).
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Stress Response

Jugular cannulation

The jugular catheter implantation was performed between 1500 and 1700 h
on the day before (metaestrus in the case of the females) the animals were
subjected to an acute stressor. Animals were anesthetized with 2.5%
tribromoethanol (1 ml/100 g body weight ip) and a silastic cannula was
inserted through the external jugular vein into the right atrium (Harms & Ojeda,
1974). Following surgery, animals were individually housed until testing on the

following day.

Stress procedure and blood sampling

On the day of testing (diestrus in the case of the females), rats were
transported and allowed to acclimatize to the experimental room for 120
minutes. Immediately after, animals were submitted to restraint for 20 minutes
in individual flat bottom restrainers (Plas-Labs) (6,35 cm diameter x 15,24 cm
long for females; 8,26 cm diameter x 20,32 cm long for males) with four holes
in the front and an opening at the back for the tail) for 20 min. Blood samples
(0.4 ml) were collected in heparinized syringes with an equivalent volume of
sterile 0.9% NaCl solution replaced after each bleeding at 0, 10, 20, 40, 60
and 80 min after the beginning of the stress. Samples were centrifuged at 4

T at 3000 rpm, and the obtained plasma was stored at —80 T until assay.
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Corticosterone (CORT) determination

Determination of CORT in blood plasma was performed using a commercial
ELISA kit (Cayman Chemical Co., Ann Arbor, MI, USA). Plasma samples
were extracted with ethyl acetate, evaporated to dryness and dissolved into
assay buffer. The sensitivity of the assay was 24 pg/ml and the intra assay

coefficient of variation was 15%. Results are expressed in ng/ml.

Reproductive Function

Female sexual behavior

Virgin females in proestrus were tested for sexual receptivity during the first
two hours of the dark cycle. Females were placed with a proven breeder male
in a steel cage (70 cm long x 35 cm wide x 70 cm high) with a front wall of
glass, which allowed complete viewing of the couple, and its behavior was
videotaped over a 15-min session. The indexes of sexual receptiveness used
were the lordosis quotient (the proportion of mounts that are accompanied by
lordosis) and the mean lordosis intensity. The lordosis quotient was calculated
by dividing the total number of lordosis by the number of mounts. The intensity
of lordosis was assessed using a three-point scale: 1=slight flex of spin,
slightly raised head and hips with tail base elevated from floor, 2=spinal flex,
head at an approximate angle of 30° with the horizontal, front paws placed
slightly forward and hind legs straightened up stiffly, and 3=pronounced spinal
flex, head at an angle of 45° or more with the horizontal. The lordosis intensity
index was calculated by dividing the total points of each rat by the total
number of lordosis displayed (Hardy & DeBold, 1972; Sodersten & Hansen,

1977).
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Ovulation

The following morning, females were decapitated, the ovaries were removed
and the oviducts were dissected and compressed between 2 glass slides. The
number of oocytes of both oviduct ampullae was counted under microscope
(Zeiss, Goettingen, Germany) with a 2.5 x lens (Gomes, Raineki, Ramos de

Paula, Severino, Helena, Anselmo-Franci, Franci, Sanvitto, & Lucion, 2005).

Male sexual behavior

Sexually inexperienced adult males were tested for sexual behavior 1-2 hours
after the beginning of the dark phase. The male was habituated to the testing
environment (70 cm long x 70 cm high x 35 cm wide) for 10 min before
behavioral testing. After this period, a receptive female was introduced into
the observation cage, and the behavior was videotaped. Each test lasted until
one copulatory series was completed. Each series included the events from
the first mount to the end of the postejaculatory interval (the first intromission
of the second ejaculatory series). If a male failed to ejaculate in a period of 30
min, the test was finished. The number of animals showing mounts,
intromissions and ejaculation was registered. In those males that did
ejaculate, the following parameters were analyzed: latency to the first mount,
number of mounts, latency to the first intromission, number of intromissions,
and the latency to ejaculation (Fernandez-Guasti, Larsson, & Beyer, 1986;
Rhees, Lephart, & Eliason, 2001). Stimulus females were ovariectomized
females brought into sexual receptiveness by subcutaneous injections of

estradiol benzoate (20 pg/rat) and progesterone (500 pg/rat) plus estradiol
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benzoate (20 pg/rat) 54 h and 6 h before the test, respectively. All females
were first tested with non-experimental sexually active males and only those

proven to be lordotic were used.

Spermatozoa quantification

Male rats were decapitated, and their testes collected for measurement of the
spermatids quocient (number of the spermatidsx10°) and epidydimides time
(transit time/days for the maturation of the sperm in epidydimides). The testes
were weighed, homogenized and sonicated in 8 mL of a T-X solution (NaCl
0.9% and Triton X-100 0.05%). Portions of 100 pl of the homogenate were
diluted in 900 pL of the T-X solution. Homogenization-resistant testicular
spermatids in the testes and sperm in the caput/corpus epididymidis and
cauda epididymidis were enumerated in Neubauer chambers. Daily sperm
production per testis was determined by dividing the total number of
homogenization-resistant spermatids per testis by 6.1 days (the number of
days of a seminiferous cycle in which these spermatids are present). Transit
times through the caput/corpus epididymidis and cauda epididymidis were
calculated by dividing the number of sperm within each of these regions by

the daily sperm production (Breigeiron, Lucion, & Sanvitto, 2007).
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Statistics

Data are expressed as means £ SEM. Open field behavior was analyzed
using a two-way ANOVA (group x sex). CORT plasma levels between groups
were analyzed using a three-way ANOVA (group x sex x time) with repeated
measures on time course followed by the Newman-Keuls test. The differences
in the areas under the curve (AUCs) between the groups were determined by
two-way ANOVA (group x sex). Sexual behavior, number of oocytes and
spermatozoa count comparisons between SR vs OR animals were performed
by the Student’s t test. The number of ejaculating males between groups was
compared by the Chi square test. In all cases the level of significance was set

at p<0.05.

Results

Anxiety like responses

The two-way ANOVA analyses did not detected any group (F(1,50)=0.321,
p=ns) or sex (F(1,50)=0.201, p=ns) effects in the total locomotion (s)
assessed in the open field. Thus, single (SR, males: n=14, females: n=13)
and overlapped (OR, males: n=14, females: n=13) reared rats did not differ in

general locomotor activity (see Fig.1A).

As shown in Fig. 1B-C, OR animals, both males and females, showed
increased frequency of entries (group: F(1,50)=8.069, p<0.01; sex:
F(1,50)=0.002, p=ns) and time spent (group: F(1,50)=8.069, p<0.01; sex:
F(1,50)=0.002, p=ns) in the central quadrants of the open field compared with

SR ones.
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Stress response

Fig. 2 shows the CORT plasma levels (ng/ml) of male and female rats from
SR and OR litters (each group n=6).

Significant effects of sex [F(1,20)=34.183, p<0.0001] and time
[F(5,100)=15.256, p<0.01] were observed, as well as significant interactions
between sex and group [F(1,20)=9.104, p<0.01] and sex and time
[F(1,20)=2.249, p<0.05].

A significant interaction between the three factors (sex x group x time) was
found [three-way ANOVA, F(5,100)=3.810, p<0.005].

As shown in Fig. 2A, SR and OR males showed a significant increase of
CORT levels in response to the stressor which did not differ between the
groups at the times sampled. By contrast, OR and SR females showed

different responses profiles. While SR females showed enhanced

corticosterone levels following (similar to SR males), OR females displayed a

blunted CORT response.

The two way analyses revealed significant effects of sex [F(1,20)=40.766,
p<0.0001] without main effects of group [F(1,20)=0.537, p=ns] in AUC. A

significant interaction was detected between sex and group [F(1,20)=9.900,

p<0.01]. Post-hoc Newman Keuls test showed that OR and SR males did not

statistically differ in AUC, whereas SR females had significantly higher AUC

than OR females.
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Reproductive function

Male Sexual Behavior

The number of ejaculating males in the 30-min session did not differ between
SR (9/14, 64.3%) and OR males (8/12, 66.7%). As shown in Fig. 3, the
number of mounts and intromissions, as well as the latency to perform those
behaviors did not significantly differ between SR and OR adult males (that

ejaculated in the 30-min test).

Sperm Quantification. The number of spermatids per testis, daily sperm
production, number of spermatozoa, and sperm transit time through per
caput/corpus and cauda of the epididymis did not differ between the two

groups of males (SR: n=8, OR: n=8) (see Table 1).

Female Sexual Behavior.
Lordosis quotient was significantly lower in OR females (Student’s t test=2.2,
p<0.05) although no statistical differences were observed in the lordosis

intensity between SR (n=14) and OR (n=13) female rats (see Fig. 4A and B).

Ovulation.
OR females did not show significant differences in ovulation as compared to
SR reared ones (humber of oocytes, SR: 10.50 £ 0.45, n=12; OR: 10.00 £

0.54, n=12; Student’s t test=0.71, p=ns).
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Discussion

The main findings of the present study are:

1- Being reared in an overlapped litter, with the mother and two older siblings
during the first postnatal days, induced a decrease in behavioral inhibition
in the open field test in both male and female adult rats.

2- In adulthood, overlapped reared females, but not males, showed a blunted
CORT secretion in response to restraint stress, and a reduction in sexual

receptiveness during proestrus.

The decreased fear-like behavior exhibited by adult OR male and female rats
compared to SR ones supports previous findings showing that early rearing
environment can modulate neural systems controlling emotionality
(Fernandez-Teruel, Escorihuela, Castellano, Gonzalez, & Tobena, 1997,
Uriarte et al., 2007). We have previously shown that the licking behavior
received by the pups from the mother decreased in the overlapped rearing
condition and that this deficit was overridden by the licking provided by
juvenile siblings in terms of quantity (Uriarte et al., 2008). However, it is
possible that the quality of the sensory stimulation provided by juveniles
differed from that of the mother, resulting in a different total stimulation
received by OR newborns. This altered pattern of sensory stimulation may be
responsible for their modified emotionality during adulthood. Indeed, it has
been shown that natural differences in maternal stimulation affect the
development of the young and induce long-term changes in their affective

behavior (Caldji et al., 1998; Liu, Diorio, Tannenbaum, Caldji, Francis,



Freedman, Sharma, Pearson, Plotsky, & Meaney, 1997; Menard,
Champagne, & Meaney, 2004; Uriarte et al., 2007).

In addition, changes in licking received by the pups could modify neural
circuits associated with fear leading to less fearful animals in adulthood
(Menard et al., 2004). In this line, it has been shown that natural differences in
licking behavior received by the pups can induce alterations in some of their
neuroendocrine systems involved in fear regulation, such as changes in the
receptor levels of CRF in the locus coeruleus and in GABA, in the basolateral

amygdala (Caldji et al., 1998).

On the other hand, the overlapping-litters model could be viewed as a
precocious social- enriched environment. Rearing animals in socially and
physically enriched environments has long-lasting effects, leading to a
decreased behavioral inhibition of adult animals in novel environments (Elliott
& Grunberg, 2005). Thus the effects observed in present model of overlapping
litters could be due to the increased social interaction during the neonatal
period independently of the changes in maternal behavior (Branchi & Alleva,

2006).

The lack of differences in basal CORT plasma levels between male and
female SR animals is in accordance with studies showing that, at the time of
the circadian rhythm and the stage of estrous cycle here considered, males
and females do not show differences in CORT plasma levels (Critchlow,
Liebelt, Bar-Sela, Mountcastle, & Lipscomp, 1963; Diehl, Silveira, Leite,

Crema, Portella, Billodre, Nunes, Henriques, Fidelix-da-Silva, Heis,
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Goncalves, Quillfeldt, & Dalmaz, 2007). However, in present study, while adult
males showed a rise in plasma CORT to the acute stressor independently of
their rearing condition, OR females showed a blunted CORT release
compared to SR ones. The finding that early environment effects on stress
responses are influenced by the gender of the animal is in agreement with
several studies (Pryce, Bettschen, Bahr, & Feldon, 2001; Smythe, McCormick,
Rochford, & Meaney, 1994; Weinberg & Levine, 1977).

However, some contradictory data appears related to these issues. Whilst in
some studies females appear to be less susceptible to the effects of early
manipulations (Pryce et al., 2001) or natural variations in maternal licking
received (Barha, Pawluski, & Galea, 2007), in others, accordingly with our
results, males appear less susceptible or unaffected by them (Smythe et al.,
1994; Weinberg & Levine, 1977; Welberg, Thrivikraman, & Plotsky, 2006).
Interestingly, the reduced fear response of OR males was not accompanied
by an attenuation of the endocrine stress response as in OR females,
indicating a dissociation in the mechanisms that regulate both behavioral and
endocrine responses to aversive stimuli. In other studies, periodic long
maternal deprivation during the neonatal period increases anxiety-like
behaviors in both males and females, but enhances the HPA axis
responsiveness only in males (Wigger & Neumann, 1999). Taken together,
these results point toward gender-dependent variations in strategies for
coping with stress, which may be influenced by differences in the functional
development of male and female stress circuitry and in the modulatory effect

of early life experience (Welberg et al., 2006; Wigger & Neumann, 1999).
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Adult OR females showed a reduction in sexual receptiveness during
proestrus. In contrast, OR males did not differ in sexual behavior from SR
ones. Moreover, no differences were detected in daily sperm production and
maturation or in epididymal sperm storage capacity and epididymal transit. In
the same line, we have previously shown that natural variations in maternal
care long-term affect the reproductive function of female offspring without
affecting male sexual behavior or sperm production and maturation (Uriarte et
al., 2007). Thus, reproductive parameters, as CORT response to stress,
appear to be less susceptible to changes in early social environment in males

than in females.

As aforementioned, in the model of overlapped litters, stimulation received by
OR newborns could be diferent than that received by control pups, and this
could be the reason for the reduced reproductive performance in females.
From an eco-ethological point of view, one putative hypothesis is that, in
nature, the presence of juveniles in the nest and the occurrence of litter
overlapping is related to a delayed dispersal of the young (Gilbert et al., 1983)
as a consequence of ecological constraints (i.e. high population density,
insufficient resources) (Emlen, 1994). As discussed by Branchi and Alleva
(2006), if a species has a short life span, as it is the case of the rat, an
individual usually will spend its adult life in an environment similar to the one
in which it was born. Thus, shaping behavior in early life may be of adaptive
value to the adult. In a hostile environment, the occurrence of overlapped
litters will probably increase. In this situation, it would be more adaptive to be

less reactive to stressors and less reproductive. We may speculate that the
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diminished reproductive parameters observed only in females could be due to
the greater energetic expenditure that they will afford in a reproductive event
compared with males.

Thus, an unsuccessful reproductive attempt would have a greater energetic

prejudice to females than to males (Bronson, 1985).

Summarizing, present study shows that the complex precocious rearing
environment induced by the overlapping litters appears to modulate the
affective behavior of adult males and females, the stress response, and the
reproductive function in females. We can speculate that these changes in the
offspring responses could be due to an altered quality/quantity of

environmental stimulation received from mothers and/or littermates.
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Table 1. Sperm quantification in single (SR) and overlapped (OR) reared adult

males (means + SEM).

SR males OR males
Number of spermatids (10%/testis) 331.8 +28.3 331.2+13.3
Number of spermatids (10°/g/testis) 242.3+17.0 228.9£18.0
Daily sperm production
54.4+4.6 543122

(number of spermatids x 10°%/testis/day)
Number of spermatozoa

1242 £11.0 1196 7.9
x 10%/caput+corpus of epididymis
Number of spermatozoa

514.3 +33.0 471.7 £24.3
x 10%g/caput+corpus of epididymis
Number of spermatozoa

107.6 £9.2 89.8+124
x 10%/cauda of epididymis
Number of spermatozoa

747.8£42.0 629.1 +112.6
x 10%g/cauda of epididymis
Sperm transit time (days) through

24+04 2.3+0.2
caput/corpus of epididymis
Sperm transit time (days) through
2.1+0.2 1.4+0.2

Cauda of epididymis
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Figure 1

A OPEN FIELD TEST
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Figure 1. Open field behavior during a 5 min session of SR and OR adult
males and females: (A) total locomotion, (B) frequency to enter and (C) time

spent in central quadrants. Data are presented as means + SEM.
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Figure 2. Mean (£ SEM) CORT plasma levels (ng/ml) at baseline, 10, 20, 40,
60 and 80 min after the onset of acute restraint stress (A) and area under the
curve (AUC) (B) of male and female SR and OR adult rats. * significant
differences from basal levels in the same group, # significant differences

between SR vs. OR females.
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Figure 3
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Figure 3. Male sexual behavior of SR and OR adult rats: A) frequency and
latency of mounts, B) frequency and latency of intromissions, C) percentage
of ejaculating males and duration of the post-ejaculatory period. Data are
presented as means + SEM. *p<0.05, Student’s t test.
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DiIscuUssAO

Considerando a andlise do comportamento das rattentes durante os primeiros
dias poOs-parto realizada nos capitulos | (diferergspontaneas na populacéo) e Il
(alteracdes de acordo ao estado reprodutivo) poslemmcluir que o comportamento
maternal ndo € uma conduta rigidamente estereatipadim apresenta variacdes

individuais. Este comportamento aparece como umduta modificavel, por fatores

internos ou ambientais.

O comportamento maternal, especificamente o compento de lambida mostrou
variagbes espontaneas dentro de uma populacaotefesntes condi¢cdes reprodutivas
(gestacdo simultdnea a lactacdo, lactagcdo de rishambbrepostas) também

modularam o comportamento da mae. Possivelmerttss egidancas aparecem para

adaptar o comportamento as caracteristicas esgecia prole.

As diferencas espontaneas no comportamento de fampertadas no primeiro
trabalho se encontram dentro de valores normaisodgortamento parental para o
crescimento adequado dos filhotes, de acordo coimdemonstrado também em ratas
Long-Evans (Champagne, Francis et al. 2003). Agaeatdo uma questao relevante:
0 porqué da existéncia dessas variacoes e porfgtaemacaracteristicas dos filhotes
(por exemplo, a inibicdo comportamental e a furrgpoodutiva das fémeas).
Possivelmente o comportamento maternal opere canzointerface entre os filhotes
e as condicbes ambientais, sendo estas diferengasomportamento maternal
estratégias individuais para programar respostiimantares as demandas ambientais

futuras da prole (Fish, Shahrokh et al. 2004). @uestudos apbdiam esta hipdtese,
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recentemente demonstrou-se que a exposi¢ao a egwedador logo depois do parto
altera o comportamento maternal das ratas lactdatesento do comportamento de
lamber), bem como o das filhas quando adultas, embtas n&o tiverem sido
expostas ao odor de predador (McLeod, Sinal et2@0Q7). Também tem sido
demonstrado que em fémeas de camundongos a expasaior de predador (rato)
durante a lactacdo induz um aumento do comportantntamber e diminuicdo da

reatividade emocional dos filhotes quando adul@mutellier, Friedrich et al.).

As variagbes na frequéncia do comportamento dedan@m sido associadas a um
aumento da expressao dos receptores de estrégenama maior sensibilidade ao
estrogeno na MPOA (Champagne, Weaver et al. 2Gf18)je este hormbnio age
aumentando dinding dos receptores de ocitocina (Caldwell, Walker 1et1894).
Assim, maes muito lambedoras tém bimding de ocitocina aumentado em areas que
participam na regulacdo do comportamento materfan€is, Champagne et al.
2000; Champagne, Diorio et al. 2001). Também, s dfeqliéncias de lambida se
associam com um aumento da atividade dopaminérgicaistema mesolimbico
(Champagne, Chretien et al. 2004), fortemente emmiha regulacdo do componente

motivacional do comportamento maternal (Pereirgartér et al. 2005).

Os mecanismos pelos quais ocorrem as variagdesmpattamento de lamber nas
maes de ninhadas sobrepostas poderiam incluir maddisioldgicas especificas. Os
horménios parecem nao ser os responsaveis deyjde as maes de ambos 0s grupos
(MOL e MSL) foram acasaladas no estro pdés-parto sivezam prenhas
concomitantemente a lactacdo, tendo entdo perfi®ceimos similares. Podemos

descartar também possiveis diferencas na expai@névia de cuidado dos filhotes,
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pois as maes dos dois grupos eram multiparas, teaskado por uma lactagédo e
experiéncia maternal.

Uma explicacdo possivel para a redugdo do compeniznde lamber poderia ser
baseada no papel dos filhotes em promover seusiggduidados em funcao de suas
demandas fisiolégicas (Brouette-Lahlou, Vernet-Maat al. 1992; Stern e Keer
2002; Pereira e Ferreira 2006). Os filhotes merosashdantes, como poderiam ser 0s
criados junto com os juvenis (que suplementam glaneinte alguns comportamentos)

induziriam menos comportamento maternal.

A partir dos resultados obtidos nos trabalhos apteslos nos capitulos |, 1l e Il
concluimos que variagbes do ambiente neonatal geecpor variacdes do
comportamento maternal recebido ou por alterac@scamposicdo da unidade
familiar e o ambiente social, induzem alteracodsngo prazo de diversas fungdes
fisiologicas, entre elas a inibicAo comportameriteahte a estimulos aversivos,

resposta ao estresse agudo e func¢des reprodutivas.

Quais sao os mecanismos envolvidos na modulacdesdeteitos em longo prazo
provocados pelas mudancgas no ambiente precoce?

Tem sido demonstrado que o aumento do comportandeni@mber recebido durante
os primeiros dias de idade provoca um aumento idacdb (avaliada através da
marcacao c-Fos-IR) em éareas do sistema limbicohddas na reducdo do medo,
guando os animais sdo submetidos a um estimulneita aversivo na idade adulta
(Menard, Champagne et al. 2004). Também tem sidwdstrado que os filhotes de
maes muito lambedoras tém niveis menores de reespymara CRF ndocus

coeruleus e niveis maiores de receptores para GABA e beazegdinas na amigdala
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basolateral (Caldji, Tannenbaum et al. 1998). Assiioi sugerido que o
comportamento de lamber modificaria circuitos neu@ssociados a reducdo do
medo, levando a diminuicdo da inibicdo comportaaleatn ambientes aversivos

durante a idade adulta (Menard, Champagne et @)20

No caso dos neonatos criados em ninhadas sobrepesgaitulo Ill), variacdes na
estimulacdo (comportamento de lamber) também padeser as responsaveis pela
modificacdo das respostas de medo durante a idhd&.aNo capitulo 11 mostramos
gue as maes com ninhadas sobrepostas lambem nefib®i@s neonatos, mas que a
estimulacao total, em termos de quantidade, reagbédos filhotes recém nascidos
nao é diferente, devido a que comportamento de dampbovido pelos juvenis
compensa esse déficit. Contudo, € possivel quelidgde da estimulacédo sensorial
brindada pelos neonatos seja diferente da proveda mae. Considerando esses
resultados em conjunto, podemos hipotetizar queat®es alterados de estimulacao
sensorial recebida pelos filhotes criados em niakabrepostas sdo os responsaveis

pelas alteragbes das respostas emocionais dosisuaitgtos.

No caso dos filhotes da primeira ninhada (capitl)Jea modificacdo na experiéncia
precoce ocorre durante o periodo juvenil, ondempmtamento da mae nao teria ja
influéncias tdo importantes sobre o desenvolviméWteaver, Cervoni et al. 2004).
Provavelmente, estes efeitos estejam determinadlas gxperiéncia maternal que
tiveram ao cuidar de seus irmaos mais novos. Nestedo, sabe-se que a experiéncia
reprodutiva modifica a ansiedade de fémeas adwtasatas primiparas sdo menos
ansiosas no labirinto em cruz elevado quando ccadpar com fémeas nuliparas

durante o proestro (Byrnes & Bridges, 2006). Tambéaxperiéncia maternal prévia,
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obtida depois da gestacdo e do parto ou atravgsabedimento de sensibilizagéo,
estabelece uma “memdria maternal” em ratas nubBpangarimiparas que persiste por
varios meses, e que induz niveis reduzidos dedate(Scanlan, Byrnes, & Bridges,
2006). Analisados em conjunto, esses dados e aemies resultados apbéiam a
hipétese de que a experiéncia maternal prévia afetasposta dos animais aos
estimulos ambientais. E possivel que, sob condigigs estressantes ou desafiantes
que as condi¢cdes padrdo do laboratério, as fémewams experiéncia previa com

filhotes sejam maes com mais sucesso na sua paimeinada (Stern e Rogers 1988).

Alternativamente, o0 modelo de sobreposicdo de diemhgode ser considerado um
modelo de enriquecimento social precoce. Em estiidse tem sido demonstrado que
coelhos que tiveram altos niveis de interagdo kdarante o periodo juvenil mostram
menos medo quando confrontados a estimulos averslucante a idade adulta
(Rodel, Monclus et al. 2006). Como discutido nwstudo recente (Branchi e Alleva
2006), quando criados em uma condicao socialmeantglexa, outros fatores além
do comportamento maternal, que ocorrem durante rindue pos-natal, poderiam

modificar as respostas emocionais do animal adulto.

Entretanto, resultados opostos foram observadosnogelo de cria comunal em
camundongos (trés méaes cuidando de suas ninhadtss je compartilhando o
comportamento maternal), observando-se um aumesmideis de ansiedade e do
fator de crescimento nervoso BDNF no hipocampoateundongos adultos (Branchi,
D'Andrea et al. 2006). No presente trabalho podempstetizar que a interagdo com

0s juvenis da primeira ninhada no caso dos neonaicsom 0s irmaos mais novos No
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caso dos juvenis, poderia promover uma diminuicas diveis de BDNF no

hipocampo e em outras &reas relacionadas a regudacé@nsiedade.

Os presentes resultados mostraram que diferencig@dumis no comportamento
maternal ndo s6 podem predizer a reatividade emalkie a responsividade ao
estresse, sendo também podem modular a funcaauwpeoem fémeas. Estes efeitos
poderiam ser explicados analisando a influénciaaoportamento de lamber sobre o
locus coeruleus (LC). Além de ser ativado por estimulos estressqRecak e

Palkovits 2001; Van Bockstaele, Bajic et al. 20@kte nucleo participa no controle
da secrecdo do horménio luteinizante (LH), e suagdo é importante para a
ocorréncia do pico de gonadotrofinas (Anselmo-FraA@nci et al. 1997; Helena,
Franci et al. 2002; Lucion, Pereira et al. 2003)LO é um ndcleo noradrenérgico
integrador e € um importante modulador dos eixg@®thlamo-hipéfise-adrenal e

hipotalamo-hipofise-gonadal.

Altos niveis de comportamento maternal se associam um aumento do binding
dos auto-receptores noradrenérgia@sinibitérios no LC, e, como conseqliéncia uma
diminuicdo na resposta noradrenérgica ao estr€djii Tannenbaum et al. 1998;
Liu, Diorio et al. 2000). A diminuicdo da atividade LC induzida pelo aumento do
comportamento de lamber poderia resulta em umaalffe de noradrenalina
diminuida na MPOA e consequentemente um pico deneHor levando a reducéo da

ovulacéo.

Em contraste as fémeas, os parametros reprodutdgosatos machos aparecem como

menos suscetiveis as variacdes da experiénciataéendo comportamento maternal
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recebido. Uma explicacédo para esta diferenca @strgexos poderia ser baseada no
fato que o comportamento maternal das ratas lastaem um viés para os filhotes
machos (Moore e Morelli 1979). O comportamento dmber se classifica em
lambida anogenital e lambida corporal. Enquantdilbstes machos recebem mais
comportamento de lambida anogenital que as irmawoi®e Morelli 1979; Moore
1992), ndo se acharam diferencas no comportamentantbida corporal dirigido a
filhotes fémeas ou machos (Champagne, Francis.e208i3). E possivel que os
filhotes machos sejam menos sensiveis as variagies freqiéncias do
comportamento de lamber, devido a que naturalmesgdebem altos niveis desse
comportamento. Assim, pequenas variagdes no coarperito de lamber, poderiam
ndo ter um efeito significativo. E importante notae as variacbes que mostramos
neste trabalho s&o variagdes totais no comportanaentamber (anogenital+corporal)
e possivelmente por essa razdo nossos dados divelge reportados por Moore e
colaboradores e dos efeitos classicos do compontamde lamber anogenital e

comportamento sexual em machos (Moore e MorellD18bore 1984).

Uma explicacdo alternativa seria que as mudancasodgortamento de lamber
observadas nos dois experimentos seriam dirigidasugvamente aos filhotes
fémeas. Contrariamente a esta hipétese, Champdgak (2003) ndo observaram
diferencas significativas na frequéncia total deldmlas recebidas entre machos e

fémeas.

A reducao da funcéo reprodutiva nas filhas de mé@s lambedoras aparece como

contraditéria com a resposta esperada de um coampento maternal “melhor” ou
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“aumentado”, e questiona os efeitos benéficos aopcotamento de lamber, pois o
prejuizo da funcao reprodutiva das fémeas sugerefeito contra-adaptativo.
No entanto, é importante notar que ainda reduzatigs as fémeas filhas de maes

lambedoras mantiveram sua capacidade reprodutiva.

Desde uma perspectiva eco-etoldgica, uma hipétessiyel do dimorfismo sexual
nos efeitos do ambiente precoce sobre a funcdmdetiva, € que na natureza, a
presenca dos juvenis no ninho e a ocorréncia deadas sobrepostas estariam
relacionadas a uma dispersdo demorada dos juv@ilizit, Burgoon et al. 1983)
como consequéncia de limitantes ecolégicas (pompke uma alta densidade
populacional, recursos insuficientes) (Emlen 1994).

Como discutido por Branchi e Alleva (2006), se wapécie tem um periodo de vida
curto, como no caso dos ratos, um individuo genalenpassara sua vida adulta em
um ambiente similar a aquele onde nasceu. Desse,mmddar 0 comportamento nos
estadios iniciais da vida teria um valor adaptagigoa o adulto.

Em um ambiente hostil, a probabilidade de ocoregra® ninhadas sobrepostas
aumentaria e seria mais adaptativo ter uma meraiividade ao estresse e uma
atenuacao da reproducdo. Podemos especular qued@ para a diminuicdo da
reproducdo s6 nas fémeas € a grande inversao sBoaigée elas tém que afrontar em
cada evento reprodutivo comparadas com 0s maclipge ama tentativa reprodutiva

frustrada teria um maior prejuizo energético p&asa @ronson 1985).

Meaney e colaboradores demonstraram que a exprgd&sia esté significativamente

alterada no hipocampo de ratas adultas como rdsutta comportamento maternal

recebido durante a lactacdo. Esta ‘programacéo rnaditeenvolve modificacdes
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através de mecanismos epigenéticos de modificagiocrdmatina, incluindo

metilacdo do DNA, acetilacdo de histonas e altera@giunido do fator de transcricao
NGFI-A ao promotor de receptores de glicocorticsif@eaver, Cervoni et al. 2004).
Essas diferengcas na expressao génica poderiamareen gonstituir a base molecular
para os efeitos da experiéncia precoce no desemasito das respostas do eixo HPA
ao estresse nos filhotes, as quais perduram ao ldagyida (Weaver, Meaney et al.
2006). Mecanismos similares poderiam ser os regpeiss pelos efeitos na funcao

reprodutiva da fémea por meio de acdo em areasaetalas a reproducao.

Em resumo, na presente tese mostramos que o camanto maternal das ratas é
uma conduta flexivel e modificavel por variaveieinas e ambientais. Os diferentes
ambientes maternais ou sociais decorrentes deasagdes modificam a experiéncia
precoce que recebem os filhotes e provocam mudaracasa reatividade emocional
durante a idade adulta. Também mostramos que easgagfes induzem efeitos em
longo prazo sobre a responsividade ao estresséurcao reprodutiva, em forma

sexualmente dimbérfica.

Assim, os resultados obtidos nesta tese evideneiamportancia da experiéncia
precoce como moduladora das respostas comportamergadocrinas dos individuos
adultos. Também mostramos que variagdes espontAoeasnportamento de lamber
e variagcbes na composicdo da unidade familiar, odetos de experiéncia precoce
utilizados neste trabalho sédo suficientes paraaalte fendtipo dos individuos e
podem constituir modelos experimentais Uteis ndistaplina, brindando informacdes

com importante significado etolégico.
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CONCLUSOES

1. As ratas mées da linhagem Wistar mostram vagedpontaneas da frequéncia do
comportamento de lamber os filhotes durante os ifhgmos dias pds-parto,

permitindo sua classificacdo em mées “muito lambeesice “pouco lambedoras”.

2. O aumento da estimulagdo maternal (frequénciardbidas) recebida durante os
primeiros dias de vida provoca a aceleracdo dongdesamento dos filhotes, avaliado

pela idade de abertura ocular.

3. O aumento da estimulagdo maternal durante odmerieonatal induz uma reducao

permanente na inibicdo comportamental dos filhotashos e fémeas.

4. O aumento da estimulagdo maternal diminui a &angprodutiva das fémeas
(avaliada pela intensidade de lordose e numero vidos) sem afetar a funcao

reprodutiva dos filhotes machos.

5. A gestacdo simultdanea afeta o comportamento rnahtele ratas lactantes,
provocando uma reducgao do tempo total de amamentagdempo de permanéncia

no ninho.

6. A sobreposicédo de duas ninhadas de diferengefesdafeta o comportamento da
mae, provocando mudangas no comportamento dirigidmuvenis (aumento da

agresséao) e neonatos (diminuicdo do comportamenianaber).

7. A convivéncia com irmaos neonatos durante aepaisicio de ninhadas induz
comportamento parental nos juvenis, que duranttadei adulta mostram niveis de

ansiedade reduzidos.

8. A sobreposi¢do de ninhadas provoca, tanto enhosaguanto em fémeas, uma

reducdo da inibicdo comportamental durante a idaddta. Entretanto a resposta ao
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estresse e a funcéo reprodutiva sdo afetadas dermaexualmente dimofica, sendo

Unicamente as fémeas afetadas por este tipo daéngia precoce.
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PERSPECTIVAS

Um possivel caminho para dar continuidade a esbalino seria verificar a
participacdo dos hormoénios gonadais nos efeitosizidds pelas variacbes na
experiéncia neonatal. Uma vez que os resultadds thnvariacdes espontaneas no
comportamento maternal (capitulo 1) quanto de géea no ambiente social precoce
(capitulo 1ll) foram diferentes entre os animaischas e fémeas, seria interessante
identificar o papel dos hormbnios gonadais durarperiodo neonatal, a puberdade e

a idade adulta nos efeitos exercidos por mudanpagatais.

A partir dos resultados obtidos no capitulo Il; eras juvenis criados em ninhadas
sobrepostas desenvolveram atividades de cuidadardéss neonatos e mostraram
menos ansiedade durante a idade adulta, seriaessgerte estudar mais
detalhadamente os mecanismos pelos quais surg&s efgtitos. Para isso, seria
importante determinar se as areas cerebrais edeshna diminuicdo da ansiedade
provocada por variagbes na experiéncia precoceasaonesmas envolvidas na
regulacdo da ansiedade em adultos e através deragessos a experiéncia maternal

esta agindo.

Seria interessante avaliar se as variacbes naiénper precoce devidas ao aumento
na complexidade do ambiente familiar no modelo idbatdas sobrepostas (capitulos
Il e 1) ‘protege’ os filhotes contra os efeitogldtérios provocados por eventos
estressantes durante os primeiros periodos da S@léosse assim, poderiamos dizer
que o aumento da ansiedade e da resposta endécrimstresse produzido pela

separacdo maternal repetida durante o periodo taama a exposi¢cdo a estresse
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repetido durante a adolescéncia poderiam ser r@egrpela experiéncia no modelo

de ninhadas sobrepostas.
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Baixar livros de Literatura de Cordel
Baixar livros de Literatura Infantil
Baixar livros de Matematica
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Baixar livros de Meio Ambiente
Baixar livros de Meteorologia
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