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RESUMO 

 

 

Os neuropeptídeos ocitocina (OT) e arginina-vasopressina (AVP) 

desempenham um importante papel no comportamento sexual e nos mecanismos 

neurohormonais em roedores. Os resultados da administração exógena de OT no 

comportamento sexual de machos e fêmeas são controversos. Este trabalho teve 

como objetivo analisar o papel da OT na modulação do comportamento sexual e na 

densidade de espinhos dendríticos proximais dos neurônios da amígdala medial 

póstero-dorsal (AMePD) de camundongos fêmeas com deleções seletivas no gene 

da OT (OTKO). Camundongos fêmeas (C57BL/6) foram genotipados e divididos em 

grupos controle (WT) e OTKO. Os experimentos foram realizados no ínicio da noite 

do proestro. Nossos resultados mostraram que o grupo OTKO apresentou um 

aumento na latência e uma diminuição na frequência, na duração e no quociente do 

comportamento de lordose quando comparado ao grupo WT. Além disso, o grupo 

OTKO apresentou uma diminuição no número de oócitos e um aumento na 

densidade de espinhos dendríticos proximais na AMePD quando comparado ao 

grupo WT. Nenhuma diferença significativa foi observada entre os grupos na 

concentração plasmática de AVP. Em conclusão, nossos dados sugerem que a OT 

modula o comportamento sexual, o número de oócitos e a densidade de espinhos 

dendríticos na AMePD de camundongos fêmeas. 

 

 

Palavras-chave: Camundongos OTKO. Comportamento Sexual. Método de Golgi. 

Amígdala. Vasopressina. Ovulação. 
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ABSTRACT 

 

 

Neuropeptides oxytocin (OT) and arginine-vasopressin (AVP) have been 

shown to play an important role in sexual behavior and neurohomonal mechanisms 

in rodentes. Results from exogenous OT administration on sexual behaviors in male 

and female mice are controversies. This study aimed to analyze the role of OT in the 

modulation of sexual behavior and density of proximal dendritic spines in the 

posterodorsal medial amygdala (MePD) in female mice with selective deletions of the 

OT gene (OTKO). Female mice C57BL/6 were genotyped and divided into control 

(WT) and OTKO groups. The experiments were performed in the beginning of the 

night of the proestrus phase. Our results showed that OTKO group increased in 

latency and decreased in the frequency, duration and quotient of lordosis behavior 

when compared to WT group. Moreover, the OTKO group decreased the number of 

oocytes and increased density of proximal dendritic spines in the MePD when 

compared to the WT group. No significant difference was observed in the plasma 

levels of AVP between groups. In conclusion, our data suggest that OT modulates 

the sexual behavior, the number of oocytes and the density of dendritic spines in the 

MePD of female mice.  

 

 

Keywords: OTKO mice. Sexual Behavior. Golgi Method. Amygdala. Vasopressin. 

Ovulation.  
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1. INTRODUÇÃO 

 

A ocitocina (OT) é um nonapeptídeo membro da família das proteínas 

neurohipofisárias que faz parte do sistema hipotálamo-neurohipofiseal (HNH) e que 

está tradicionalmente relacionado ao parto e à lactação (Gimpl & Farenholz, 2001). 

Estruturalmente a OT assemelha-se a outro nanopeptídeo, a arginina-vasopressina 

(AVP), diferindo-se deste por apenas dois aminoácidos (Acher et al., 1995; Caldwell 

& Young, 2006).  

 

Os genes que codificam a expressão da OT e da AVP são altamente 

homólogos e estão localizados no mesmo cromossomo, mas com orientação 

transcricional oposta (Young & Gainer, 2003). A distância entre estes genes varia de 

3 a 12kb em camundongos (Hara et al., 1990), humanos (Sausville et al., 1985) e 

ratos (Mohr et al., 1988). Nos camundongos os genes da OT e da AVP estão 

localizados no cromossomo 2 e no homem no cromossomo 20 (Hara et al., 1990).  

 

Os corpos celulares dos neurônios localizados nos núcleos hipotalâmicos 

paraventricular (PVN) e supraóptico (SON) produzem e liberam, respectivamente, os 

neuropeptídeos OT e AVP, bem como suas proteínas carreadoras, as neurofisinas 

(Gimpl & Fahrenholz, 2001). O SON é formado principalmente por células 

magnocelulares, situa-se nas bordas laterais do quiasma óptico e projeta-se 

maciçamente para a neuro-hipófise (Kiss & Mikkelsen, 2005). 

 

O PVN localiza-se bilateralmente ao terceiro ventrículo onde duas populações 

de neurônios ocitocinérgicos estão bem destacadas, os neurônios magnocelulares e 

os neurônios parvocelulares. Os neurônios magnocelulares localizam-se nas 

porções laterais do PVN, já os neurônios parvocelulares localizam-se medialmente e 

constituem uma população heterogênea de neurônios destinados à realização de 

diversas funções (Badoer, 2001). Três zonas funcionais são descritas no PVN: a 

magnocelular, a mediocelular e a parvocelular (Badoer, 2001; Kiss & Mikkelsen, 

2005).  
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1.1 Ocitocina 

 
A zona magnocelular contém grandes neurônios secretores, que projetam 

seus axônios para a neuro-hipófise, formando assim o sitema HNH. Este sistema é 

dependente da atividade elétrica dos neurônios magnocelulares, que são ativados 

ou inibidos principalmente por glutamato e GABA (Oliet & Piet, 2004). Os potenciais 

de ação nessas células neurosecretoras desencadeiam a liberação da OT dos 

terminais axonais na neurohipófise para a corrente sanguínea. Um potente estímulo 

ocorre no final da gravidez, quando os neurônios ocitocinérgicos mudam 

drasticamente sua atividade elétrica de um estado quiescente para um estado 

altamente ativo (Poulain & Wakerley, 1982), isto ocorre devido à diminuição da 

concentração plasmática de progesterona (P4) e aumento de estrógeno (E2) 

(Bridges, 1984). 

 

A plasticidade dos neurônios ocitocinérgicos e também dos 

vasopressinérgicos pode ser alterada dependendo da demanda fisiológica destas 

células. Isto ocorre, por exemplo, durante a desidratação, a lactação e o parto 

(Gimpl & Farenholz, 2001). Nesses casos os neurônios magnocelulares hipertrofiam 

e ocorre aumento das sinapses glutamatérgicas e GABAérgicas, bem como a 

diminuição da quantidade e do tamanho dos prolongamentos astrocíticos na região 

(Oliet & Piet, 2004). Já os neurônios do SON apresentam alterações morfológicas de 

acordo com a atividade desempenhada. Por exemplo, durante a lactação, o corpo 

celular, os dendritos e os contatos sinápticos dos neurônios ocitocinérgicos 

aumentam, o que ocasiona a modificação da arborização dendrítica quando 

comparada a ratas virgens (Cunningham et al., 2004). 

 

A OT também é produzida, em menores quantidades, na zona parvocelular do 

PVN. Os neurônios desta divisão projetam-se para outras áreas do sistema nervoso 

central (SNC), tais como: núcleo dorsomedial do hipotálamo, núcleos talâmicos, 

hipocampo dorsal e ventral, córtex entorrinal, área medial e lateral do núcleo septal, 

amígdala, bulbo olfatório, substância nigra, locus coeruleus, núcleos da rafe, núcleo 

do trato solitário e núcleo motor dorsal do nervo vago (Gimpl & Farenholz, 2001; 

Mantella et al., 2003). Apenas 0,2% dos neurônios ocitocinérgicos enviam 

concomitantemente projeções para a neuro-hipófise e para outras áreas do SNC 
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(Figura 1) (para revisão Gimpl & Farenholz, 2001). A OT que é sintetizada pelos 

neurônios parvocelulares do PVN, pode ainda, ser liberada diretamente no líquor por 

dendritos localizados na parede do terceiro ventrículo (Dogterom et al., 1977; 

Leckman et al., 1994). 

 

 

 

Figura 1: Projeções ocitocinérgicas no cérebro de roedores 

Os neurônios magnocelulares do PVN (vermelho) e do SON (azul) enviam projeções para a hipófise 

posterior. Os neurônios parvocelulares do PVN projetam-se para a área tegmental ventral (VTA), 

núcleo accumbens (NAc), hipocampo, amígdala (AMY), intra-PVN, área pré-optica medial (MPOA), 

núcleo próprio da estria terminal (BNST), bulbo olfatório (OB). Figura esquemática adaptada de 

Paxinos & Watson (1998) (Rutherford et al., 2011).  

 

A OT é sintetizada nos neurônios do PVN e SON a partir de uma grande 

molécula precursora. Esta molécula, chamada OT pré-pró-peptídeo, sofre clivagens 

enquanto está sendo transportada ao longo do axônio, cujos terminais localizam-se 

na neuro-hipófise. O produto final liberado no terminal axonal é composto pela OT e 

por sua molécula carreadora, a neurofisina. Existem neurofisinas associadas tanto à 

OT como à AVP, estas moléculas carreadoras formam uma ligação com o 

nanopeptídeo dentro da vesícula secretora, sendo liberadas simultaneamente. As 

neurofisinas também apresentam funções de empacotamento e armazenamento da 

OT no terminal axonal (Gimpl & Farenholz, 2001). Além da liberação axonal, sabe-se 

que a OT pode ser liberada centralmente pelos dendritos e pelo corpo celular, no 
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hipotálamo, sendo que esta liberação é independente da secreção para o sangue 

(Ludwig & Leng, 2006).  

 

Os neurônios ocitocinérgicos enviam projeções para muitas regiões 

prosencefálicas, diencefálicas e tronco cerebral (Sofroniew, 1983), nestes locais são 

detectados receptores para OT (Gimpl & Farenholz, 2001). Até o momento, somente 

um tipo de receptor para OT é reconhecido e clonado (Caldwell et al., 2008). O 

receptor de ocitocina (OTR) pertence à família dos receptores hetero-triméricos 

acoplados à proteína G, sendo expresso por diversos tipos de células, incluindo 

neurônios, células ósseas, mioblastos, cardiomiócitos e células endoteliais (Gimpl & 

Farenholz, 2001; Zingg & Laporte, 2003).  

 

O OTR está amplamente distribuído pelo encéfalo variando a localização de 

acordo com a espécie e o gênero. As diferentes expressões do OTR no encéfalo 

podem explicar as variações comportamentais observadas em diferentes espécies. 

Diferentes vias de transdução de sinais regulam a expressão do OTR e o binding em 

cada região cerebral e podem, em parte, mediar a habilidade da OT para exercer 

diversos efeitos comportamentais (Bale et al., 2001). Em roedores, a distribuição do 

OTR ocorre principalmente no bulbo e tubérculo olfatórios, no neocórtex, nos 

núcleos basais, no córtex piriforme, no córtex insular e perirrinal, na formação 

hipocampal, na amígdala central (Ace), no núcleo da base da estria terminal, no 

septo lateral, no núcleo accumbens, no hipotálamo ventromedial (VMH), no núcleo 

do trato solitário, na área tegmental ventral, no complexo mamilar, na oliva dorsal, no 

núcleo espinhal trigeminal, no tronco encefálico e na medula espinhal (Morris et al., 

1995; Pedersen et al., 1995; Insel 1991; Veinante & Freund-Mercier, 1997). 

 

A OT possui ações periféricas e centrais. As ações periféricas incluem a 

contração das células mioepiteliais que envolvem os alvéolos e ductos das glândulas 

mamárias e o músculo liso do endométrio, naquele estimulando a ejeção do leite e 

neste as contrações rítmicas do útero, que são responsáveis pela expulsão do feto 

(Samson & Schell, 1995). Participa também da modulação da função renal, da 

secreção de insulina e glucagon pelo pâncreas e da secreção de aldosterona pela 

glândula adrenal (Gimpl & Farenholz, 2001). No sistema cardiovascular, a OT induz 

a vasodilatação e diminui as contrações do miocárdio (Gimpl & Farenholz, 2001).  
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As ações centrais incluem sua participação no circuito ansiolítico central, na 

resposta supressora mediante estresse crônico, no controle do apetite pelo sal, no 

controle da pressão arterial e na resposta a diversos tipos de estresse em eventos 

hemorrágicos e ambientes novos (Carrasco & Van De Kar, 2003; Bernatova et al., 

2004; Rigatto et al, 2003; Samson & Schell 1995; Michelini et al., 2003; Lang et al., 

1983; Neumann, 2002). Além disso, esse neuropeptídeo é apontado como 

modulador dos comportamentos sociais (Pedersen, 1979; Giovenardi et al., 1998). 

 

1.2 Vasopressina 

 

A AVP tem sido descrita por seu papel em comportamentos agressivos, 

memória social e ansiedade, mas principalmente na modulação do eixo hipotálamo-

hipófise-adrenal (HPA) e por agir em estruturas extrahipotalâmicas (Engelmann et 

al., 2006). 

 

A síntese de AVP é realizada por dois tipos de neurônios, os neurônios 

parvocelulares e magnocelulares. Os neurônios magnocelulares encontram-se no 

PVN e SON e projetam seus axônios para a neuro-hipófise. Já os neurônios 

parvocelulares, encontrados na divisão parvocelular do PVN, projetam-se para a 

eminência mediana, sendo assim, a AVP também pode ser secretada na circulação 

portal. Sintetizada como um pré-pró-hormônio, que consiste no peptídeo sinalizador, 

no nonapeptídeo e na neurofisina associada (neurofisina II) (Caldwell et al., 2008). 

Os principais estímulos que induzem à liberação de AVP são o aumento da 

osmolalidade no sangue, a diminuição da pressão arterial e a diminuição da volemia 

(Treschan & Peters, 2006). Sua principal função no rim é aumentar a reabsorção de 

água nos ductos coletores renais, por isso também é conhecida como hormônio 

antidiurético (ADH). Os estímulos que induzem a sua liberação no hipotálamo são 

ativados através de osmorreceptores, localizados em vasos portais e mesentéricos, 

e barorreceptores atriais e arteriais (Petersen, 2006). 

 

Alguns estudos sugerem que a AVP pode ser liberada em situações de 

estresse não osmótico, apesar de não haver um consenso, outros estímulos 

estressantes, tais como: imobilização, ambientes novos, nado forçado, choque, não 
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parecem induzir a liberação plasmática de AVP, embora induzam a liberação de OT 

(Wotjak et al., 1998; Laguna-abreu, 2005). Entretanto ocorre liberação de AVP 

intranuclearmente no PVN e SON após estresse por nado forçado, sugerindo uma 

dissociação da resposta central e periférica da vasopressina ao estresse (Wotjak et 

al., 1998). A origem da AVP liberada no PVN parece ser de origem magnocelular 

predominantemente (Wotjak et al., 2001).  

 

Os receptores para AVP são acoplados à proteína G e consistem em três 

subtipos, V1a, V1b e V2, também conhecidos como VR1, VR2 e VR3. Os receptores 

V1a são encontrados em músculo liso vascular, fígado, útero e córtex adrenal, 

enquanto os V2 são encontrados nos ductos coletores renais. Os do tipo V1b são 

encontrados na adeno-hipófise onde regulam a liberação da corticotrofina (ACTH). 

No SNC os receptores V1a são encontrados inclusive no PVN (Dinan & Scott, 2005; 

Petersen, 2006). Os neurônios vasopressinérgicos expressam desde o nascimento 

os receptores V1a e V1b e a auto-regulação ocorre através do V1a (Ugrumov, 

2002). Em roedores, foi descrita a ocorrência de receptores para AVP em várias 

regiões do SNC, como área septal lateral, hipocampo, área amígdalo-estriatal, 

núcleo da base da estria terminal e regiões do hipotálamo, esses receptores 

localizados nestas áreas límbicas podem mediar diversos comportamentos (Ruscio 

et al., 2007; Caldwell et al., 2008). Estudos em roedores demonstraram que algumas 

funções centrais da AVP, conjuntamente com a OT, relacionam-se com 

comportamentos sociais. Deste modo, a AVP parece estar relacionada com a 

modulação de comportamentos como a agressão entre machos, o comportamento 

agressivo em lactantes, o reconhecimento de odores e a preferência na escolha de 

parceiros (Caldwell et al., 2008).  

 

1.3 Ocitocina, Vasopressina e Comportamento Social 

 

Entre os mamíferos, existem espécies que vivem em diversos graus de 

sociabilidade, desde solitários até altamente sociais, como chimpanzés e humanos 

(Choleris et al., 2004). Os comportamentos sociais requerem dois ou mais animais 

com instinto e motivação para permanecerem próximos. Estes comportamentos 

podem ser considerados positivos, quando ocorrem benefícios mútuos, ou 
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negativos, como o comportamento agressivo. As ligações sociais podem se formar 

entre pais e filhotes, entre animais adultos ou entre outros membros do grupo e 

possui várias vantagens, entre elas a garantia da sobrevivência da espécie e a 

defesa contra a predação (Carter & Keverne, 2002). Durante as interações sociais 

consideradas como positivas (como, por exemplo, o comportamento maternal), a OT 

pode ser liberada tanto no SNC quanto no plasma (Uvnas-Moberg, 1998). 

 

Em laboratório, quando ratos adultos são colocados na mesma caixa, eles 

interagem e apresentam comportamentos como cheirar e perseguir, podendo muitas 

vezes apresentarem comportamentos agressivos tais como morder, chutar e boxear 

(File & Hyde, 1978). Dados experimentais sugerem que as diferentes formas de 

interação social podem ser mediadas por sistemas neurais distintos, e que o status 

de familiaridade e o de isolamento do ambiente pode interferir nos comportamentos 

sociais (Varlinskaya & Spear, 2008). Em fêmeas, assim como ocorre com a 

receptividade sexual, as fases do ciclo estral podem alterar a duração dos 

comportamentos sociais. Ratas em proestro, por exemplo, apresentam mais tempo 

interagindo socialmente (Frye & Rhodes, 2008). 

 

A OT possui importante papel nas interações sociais, em destaque o 

comportamento sexual, tanto de machos quanto de fêmeas (Arletti & Bertolini, 1985), 

o comportamento maternal (Bartels & Zeki, 2004; Consiglio & Lucion, 1996; 

Giovenardi et al., 1998), o agressivo maternal (Engelmann et al., 2000; Amico et al., 

2004; Carter, 2005) e o grooming (autolimpeza) (Drago et al., 1986). Wallner e 

colaboradores (2006) descreveram a liberação plasmática de OT durante encontros 

sociais, sexuais ou não, em ratos machos e fêmeas. Engelmann e colaboradores 

(2000), sugerem que a OT também pode ser liberada durante a escolha e a 

formação de pares sexuais e, que este peptídeo associado a AVP, pode agir 

também influenciando comportamentos relacionados ao estresse, ao aprendizado e 

à memória. 

 

O reconhecimento social, também conhecido como memória social, no qual 

os animais identificam e reconhecem indivíduos da mesma espécie é um pré-

requisito para vários tipos de comportamentos sociais e de hierarquias dentro de um 

grupo (Choleris et  al., 2004). A formação de pares sociais e os comportamentos 
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reprodutivos, também dependem da capacidade de reconhecer indivíduos familiares 

e não familiares dentro da mesma espécie (Ferguson et al., 2002). Em roedores, o 

reconhecimento social apresenta-se como um comportamento que utiliza o instinto 

natural de investigar indivíduos novos a partir de avaliações que envolvem o 

aprendizado e a memória. Além de apresentarem memória social de longo prazo, 

esses animais também apresentam memória social de curto prazo, reconhecendo 

animais apresentados por um breve período de tempo (Ferguson et al., 2002). 

Existem vários modelos experimentais utilizados para se testar a memória social. No 

modelo habituação-desabituação apresenta-se repetidamente o animal ao estímulo, 

que pode ser um juvenil pré-púbere e a diminuição do tempo de investigação 

representa que houve um reconhecimento (Bielsky & Young, 2004). 

 

A AVP é de fundamental importância em um tipo específico de memória 

baseada em sinais olfatórios: a memória social. Injeções centrais e periféricas 

demonstram claramente que a AVP tem função importante no reconhecimento social 

em roedores (Ferguson et al., 2002). Como exemplo, a AVP quando injetada na área 

septal melhora a memória social, enquanto o antagonista injetado na mesma região 

prejudica o reconhecimento. Os receptores V1a e V1b relacionam-se com a 

memória social, entretanto, a maioria dos parâmetros comportamentais da memória 

social são mediados pelo V1a. O bloqueio deste tipo de receptor por antagonistas 

injetados centralmente impede o reconhecimento social (Bielsky & Young, 2004). 

Além disso, a estimulação elétrica do PVN e SON, induzindo a liberação de AVP, 

ocasiona melhora da memória social. Ratos Brattleboro mutantes deficientes em 

AVP apresentam déficits nesse tipo memória (Engelmann & Landgraf, 1994). 

 

Em condições naturais, os ratos utilizam o comportamento de cheirar como 

padrão de comportamento exploratório (Kepecs et al., 2006). Além disso, os 

comportamentos de cheirar o corpo e a região anogenital são considerados 

comportamentos de investigação social (Bielsky & Young, 2004; Kepecs et al., 

2006). Em roedores, o sistema olfatório principal (epitélio e bulbo olfatórios) e o 

sistema olfatório acessório (órgão vomeronasal e bulbo olfatório acessório) são 

ativados durante os encontros sociais (Ferguson et al., 2002). O sistema olfatório 

principal é responsável pela detecção de odores voláteis, como aqueles 

provenientes de alimentos, predadores e parceiros em potencial (Firestein, 2001). O 
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sistema olfatório acessório é utilizado para detectar odores não voláteis que 

influenciam nos comportamentos sexuais e agressivos, e auxiliam no 

reconhecimento de indivíduos da mesma espécie (Keverne, 1999). 

 

1.4 Ocitocina, Vasopressina e Comportamento Sexual  

 

A sobrevivência das espécies depende do seu sucesso reprodutivo. Além da 

coordenação dos processos fisiológicos com o meio ambiente, a reprodução 

necessita de vários circuitos integrados que culminam com a fertilização. Nesse 

processo destaca-se o papel da OT e da AVP (Debiec, 2007). 

 

Em ratas, a receptividade sexual ocorre na fase do proestro e inclui 

componentes proceptivos, como a investigação dos genitais do macho, pequenas 

corridas e pulos dentro da caixa, vocalizações, exposição de partes do corpo e 

contatos físicos efêmeros (Edwards, 1970). Nestes animais, o componente mais 

importante do comportamento sexual é a postura de receptividade assumida pela 

fêmea no momento da cópula, denominada reflexo de lordose. Esta postura é 

caracterizada pela flexão dorsal da coluna vertebral em resposta à monta realizada 

pelo macho, auxiliando na intromissão peniana. Na ausência de lordose a 

intromissão e a ejaculação não serão possíveis, demonstrando a importância deste 

comportamento para o sucesso reprodutivo (Nelson, 2005). Em camundongos, as 

fêmeas receptivas realizam lordose quando montadas pelo macho, mas nesse 

momento a dorsiflexão pode não ser facilmente visualizada. Além disso, 

diferentemente dos ratos, os camundongos não apresentam comportamentos pré-

copulatórios (Bonthuis et al., 2010).  

 

O comportamento sexual das fêmeas varia de acordo com a fase do ciclo 

estral, sendo que ocorre predominantemente na noite do proestro (estro 

comportamental). Com duração média de doze horas, o proestro é caracterizado 

pela presença de muitas células epiteliais nucleadas e poucos leucócitos no muco 

vaginal (Nelson, 2005). O comportamento de lordose é iniciado pela presença de 

hormônios sexuais, E2 e P4, e ocorre em resposta à informação sensorial tátil, 

normalmente fornecida pela monta realizada pelo macho. Além de depender da 
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ação dos hormônios esteróides gonadais, o reflexo de lordose é resultante da 

ativição de uma circuitaria neural e, por este motivo, muitas estruturas estão 

envolvidas na realização desse reflexo. O hipotálamo é responsável por adicionar o 

componente endócrino a esse mecanismo comportamental, uma vez que os efeitos 

do E2 e da P4 nas propriedades eletrofisiológicas dos neurônios, a transcrição do 

RNA e a síntese novas proteínas e estruturas, são primariamente mediados nessa 

estrutura cerebral (Pfaff & Schwartz-Giblin, 1988). 

 

Em machos e fêmeas, a OT representa um importante indutor do 

comportamento sexual, da excitação e do orgasmo (Carmichael et al., 1987). Em 

roedores, doses moderadas de OT podem facilitar a ereção peniana (Argiolas et 

al.,1987). No entanto, a OT é incapaz de induzir ereções sem a presença da 

testosterona, por isso, não ocorrem ereções penianas em animais castrados, mesmo 

com administração conjunta de OT (Melis et al., 1994). Além disso, injeções 

intracerebroventriculares ou intraperitoniais de OT reduzem a latência para a 

ocorrência de uma ejaculação e tempo entre os acasalamentos (Arletti et al., 1985).  

 

Em ratas, a regulação do comportamento sexual ocorre através de interações 

entre o E2, a P4 e a OT (Witt, 1995). Em fêmeas ovarectomizadas e tratadas com 

E2 e P4, injeções intracerebroventriculares de OT podem aumentar a frequência e a 

duração de lordoses (Arletti et al., 1985). A frequência de lordoses também aumenta 

quando E2 e OT (Caldwell et al., 1986) ou P4 e OT (Gorzalka & Lester, 1987) são 

administrados separadamente. Essa indução do comportamento sexual feminino é 

mediada principalmente pela área preóptica medial (MPOA) do hipotálamo e pelo 

VMH (Kow & Pfaff, 1998). Por exemplo, a ocorrência do comportamento sexual 

feminino requer a ação do E2 no cérebro e a indução de OTR no VMH (Bale & 

Dorsa, 1995). De fato, o RNAm para OTR está presente desde a região rostral até a 

parte caudal do VMH de fêmeas, sendo que a expressão do OTR aumenta na 

divisão ventrolateral do VMH em resposta ao E2 e a P4 (Ostrowski, 1998). 

 

O sistema reprodutivo feminino, em humanos e roedores, é regulado pelo eixo 

hipotálamo-hipófise-ovário (HPG). O principal regulador desse eixo é o hormônio 

liberador de gonadotrofinas (GnRH), produzido pelos neurônios da MPOA e núcleo 

arqueado do hipotálamo, e secretado dentro do sistema hipofisário portal. Na 
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hipófise, o GnRH estimula a produção do hormônio luteinizante (LH), o qual estimula 

o ovário a secretar E2 e P4 (Rivest et al., 1993; Ferin, 1996). Além disso, a secreção 

pulsátil e o pico de LH dependem da atividade dos neurônios GnRH (Kalra & Kalra, 

1983). Conforme Caligioni e colaboradores (2007), nos animais em metaestro-

proestro, aproximadamente 10% dos neurônios GnRH co-expressam OTR na área 

MPOA. Isso significa que a OT também pode interferir na secreção de LH e, 

portanto, na ovulação.  

 

A expressão gonadal de OT e AVP ocorre em diversas espécies, no entanto, 

existem diferenças consideráveis entre elas com relação à regulação da luteólise 

(Russell & Leng, 1998). Em ruminantes, a OT do corpo lúteo estimula a produção de 

prostaglandinas pelo útero, acarretando uma liberação adicional de OT pelo corpo 

lúteo feed-back

liberação de prostaglandina, que é o hormônio responsável pela regressão do corpo 

lúteo (Flint et al 1990). Nesses animais, a supressão do OTR pelo interferon , 

produzido pelo embrião, é essencial para prevenir a luteólise (Lamming et al., 1995). 

Em camundongos, estudos sobre o papel da OT na função gonadal indicam uma 

capacidade de estimular a ovulação e uma fraca expressão de OT pelas células da 

granulosa (Robinson & Evans 1990). Uma das metodologias utilizadas para avaliar 

alterações na ovulação é a contagem de oócitos, uma vez que roedores, com ciclo 

estral regular, apresentam um número de oócitos entre 10 e 14 a cada ciclo (Gomes 

et al.,1999). 

 

Os neuropeptídeos OT e AVP exercem efeitos opostos sobre o 

comportamento sexual de fêmeas, uma vez que, quando administrada centralmente, 

a AVP inibe o comportamento sexual de fêmeas expostas a um macho sexualmente 

ativo (Pedersen & Boccia, 2006). Além disso, a administração central de um 

antagonista do V1a estimula a receptividade sexual (Caldwell et al.,2008) e a 

administração de um antagonista da OT causa redução nos componentes receptivos 

e proceptivos do comportamento sexual de fêmeas (Witt & Insel, 1991; Caldwell et 

al., 1992). Ambos os efeitos antagônicos estão relacionados com a MPOA, 

sugerindo que as interações entre OT e AVP podem contribuir para a regulação do 

comportamento sexual em fêmeas (Caldwell et al., 1992). Além disso, a expressão 

de AVP no encéfalo de machos é maior do que em fêmeas (De Vries, 2008) e está 
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associada aos comportamentos sociais tipicamente masculinos, como agressão e 

territorialidade (Donaldson & Young, 2008). 

 

Em camundongos, a deleção do gene da OT diminuiu a transcrição do gene 

da AVP no PVN e no SON (Young et al., 1996; Ozaki et al., 2004) e a reposição do 

gene da OT restaurou a expressão do gene da AVP (Young et al., 1998). Além 

disso, animais com deleção do gene da OT apresentam redução da concentração 

plasmática basal de AVP (Lazzari et al ., 2013). Estes achados sugerem que a OT 

pode estar envolvida na regulação da expressão do gene da AVP e na sua liberação 

periférica. 

 

1.5 Comportamento Sexual e Amígdala  

 

A amígdala, ou complexo amigdaliano, é uma estrutura que compreende 

subnúcleos situados no lobo temporal, lateral ao hipotálamo e ventral ao estriado, no 

prosencéfalo basal de mamíferos. Em primatas, é caracterizada como uma massa 

ovoíde de substância cinzenta, localizada na porção terminal e rostral da formação 

hipocampal, tendo como limite anterior o corno temporal do ventrículo lateral (Alheid 

et al., 1995). Em ratos, localiza-se anteriormente ao hipocampo ventral (de Olmos et 

al., 2004), sendo constituída por núcleos e subnúcleos que formam uma complexa 

rede estrutural interrelacionada e multifuncional, que está envolvida na modulação 

de diversos comportamentos e ajustes vegetativos (Alheid et al., 1995; Paxinos & 

Watson, 1998; Rasia-Filho et al., 1999). 

 

Estudos mais recentes sobre a divisão da amígdala de ratos apresentam-na 

dividida em quatros regiões, segundo a citoarquitetura, hodologia e função, que são: 

a amígdala , denominada assim por se estender além de seus limites 

anatômicos, sendo formada pela amígdala medial (AMe) e ACe; a amígdala com 

características corticais, subdividida em porção basolateral e em porções que se 

ligam às vias olfativas e vomeronasal; a área de transição, localizada entre a porção 

ventral dos núcleos da base e a amígdala ; os núcleos ainda não 

classificados, constituídos por um grande número de células dispersas na 

substância branca e no interior do núcleo próprio da estria terminal (BNST) (Alheid, 



21
 

 

1995; de Olmos et al., 2004). 

 

A AMe é um dos subnúcleos superficiais do complexo amigdalóide, ocupando 

seu aspecto rostromedial, sendo formada por uma coluna proeminente de células 

que surgem em justaposição à superfície lateral de fibras que ascendem pelo trato 

óptico. Inicia medialmente e posteriormente ao núcleo do trato olfativo e ao núcleo 

anterior da amígdala, estendendo-se caudalmente até o surgimento da porção 

temporal do ventrículo lateral, em posição ventral em relação à estria terminal 

(Alheid et al., 1995). Na literatura a AMe tem sido dividida em subnúcleos de 

diversas maneiras, segundo os critérios dos autores. Pitkanen (2000) divide-a em 

três regiões denominadas: rostral, central (porção dorsal e ventral) e caudal. Alheid e 

colaboradores (1995), Paxinos e Watson (1998) e Olmos e colaboradores (2004) 

divdem-na nos seguintes subnúcleos: ântero-dorsal (MeAD), ântero-ventral (MeAV), 

póstero-dorsal (MePD) e póstero-ventral (MePV).  

 

Vários estudos realizados na AMe de roedores têm demonstrado a presença 

de corpos celulares e fibras nervosas imunorreativas a diferentes neuropeptídeos, 

tais como: angiotensina II, Colecistoquinina (CCK), galanina, hormônio liberador de 

corticotrofina (CRH), GnRH, neuropeptídeo Y, neurotensina, opióides, peptídeo 

intestinal vasoativo (VIP), peptídeo liberador de gastrina (GRP), peptídeo 

relacionado ao gene da calcitonina (CGRP), polipeptídeo natiurético atrial (ANP), 

somatostatina, substância P, serotonina, OT e AVP (Swanson et al., 2003; Frankfurt 

et al., 1985; Lind et al., 1985; Gustafson et al., 1986; Oro et al., 1988; McDonald, 

1989; Micevych et al., 1988; Marcos et al., 1999; De Olmos et al., 2004). 

 

A AMe tem sido descrita como uma região envolvida na modulação de 

atividades endócrinas e comportamentais do animal com o seu ambiente, tais como: 

a percepção, a modulação e a integração das informações olfativas, vomeronasais e 

genitosensoriais (Guillamon & Segovia, 1997; Pfaus & Heeb, 1997; Dielenberg et al., 

2001; Pro-Sistiaga et al., 2007) relacionadas com estímulos em que a ansiedade, o 

medo inato e o condicionado estejam envolvidos (Adamec & Morgan, 1994; Davis, 

2000), no processamento de respostas emocionais, adrenocorticais e 

neuroendócrinas a um evento estressor (Marcuzzo et al., 2007), e uma série de 

comportamentos sociais, tais como o agressivo, o defensivo, o aprendizado social 
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(Newman, 1999; Rasia-Filho et al., 2008), o comportamento sexual, tanto em 

machos quanto em fêmeas, e o comportamento maternal (Fleming et al., 1980; 

Rasia-Filho et al., 1991; Newman, 1999; de Castilhos et al., 2006). Os subnúcleos da 

AMe têm diferentes funções (Canteras et al., 1995). Por exemplo, a AMePD parece 

influenciar as atividades neuroendócrinas e o controle dos sistemas simpático e 

parassimpático que o hipotálamo regula, enquanto as regiões MeAD, MeAV e MePV 

podem estar relacionados com a modulação hipotalâmica dos comportamentos 

sexual e defensivo (Canteras et al., 1995; Simerly, 2004). Especificamente, a 

AMePD modula alguns comportamentos, como o maternal e o sexual (Newman, 

1999; de Castilhos et al., 2008). 

 

A AMePD é separada do trato óptico por uma camada com poucos corpos 

celulares, a qual se torna estreita em direção rostral e dorsal até que desaparece 

completamente próximo da AMeAD (de Olmos et al., 2004). Essa região 

preferentemente deve ser considerada como local de passagem de axônios 

advindos do núcleo próprio da via olfativa acessória para transmissão de informação 

vomeronasal (de Olmos et al., 2004). Esse núcleo possui várias aferências que 

advêm de diferentes regiões do encéfalo. As aferências mais importantes são as 

hipotalâmicas (da área hipotalâmica anterior, área pré-óptica medial e lateral do 

núcleo arqueado, núcleos dorsomedial, hipotalâmico posterior, lateral, pré-mamilar, 

supraóptico, tuberal e ventromedial), as do córtex cerebral (da área pré-límbica, 

córtex entorrinal, infralímbico e perirrinal dorsal), as talâmicas (do núcleo medial, 

parafascilular, paraventricular e posterior), as do tronco encefálico (principalmente 

do núcleo dorsal da rafe e núcleo parabraquial), as do sistema olfativo (do córtex 

piriforme, bulbo olfativo acessório e núcleo endopiriforme) e de outras regiões 

distintas, como do núcleo da faixa diagonal de Broca, do BNST e da substância 

inominata. Além dessas, existem aferências intra-amigdaloídes, como as 

provenientes do córtex periamigdaloíde, núcleo basal acessório, cortical posterior e 

núcleo do trato olfativo lateral. Em relação às eferências da AMePD, dentre as mais 

significativas e estudadas, estão aquelas para os núcleos cortical porterior, o BNST 

(divisões ântero-dorsal e posterior principal), a substância inominata e alguns 

núcleos hipotalâmicos como o posterior, o anterior, o periventricular ântero-ventral, o 

pré-óptico medial e o pré-mamilar ventral (Canteras et al., 1995; Choi et al., 2005). 
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Acredita-se que o controle do comportamento sexual em ratos, machos e 

fêmeas, ocorra a partir de estímulos olfativos (Kondo & Arai et al., 1995). Em ratos, 

aferências quimiossensoriais do bulbo olfatório, do órgão vomeronasal e do 

hipocampo projetam-se para a AMe. O primeiro subnúcleo a processar a informação 

olfativa é a AMeAD que, via núcleos intercalados da amígdala, transfere a 

informação para essa área. Este núcleo, por sua vez, envia as informações olfativas 

para áreas motoras e neuroendócrinas do telencéfalo basal, para o tronco 

encefálico, bem como para a MPOA e outros núcleos hipotalâmicos (Canteras et al., 

1995; Wood, 1997). Devido a estas aferências, a AMe parece ser fundamental na 

modulação de comportamentos que requeram a ativação quimiossensorial, como o 

comportamento sexual (Dominguez et al., 2001; Takahashi & Gladstone, 1988). 

Ratas submetidas à lesão na AMePD, quando colocadas junto a ratos, mostraram 

redução da ocorrência de atividade pré-copulatória (exploração olfativa) e aumento 

da duração da cópula. Após a cópula, elas buscavam menos frequentemente seus 

companheiros de acasalamento quando comparadas às ratas submetidas à lesão 

fictícia (Lehman & Winans, 1982). Em hamsters machos, a lesão na AMe promoveu 

a redução do comportamento de acasalamento e diminuição da investigação 

olfatória dos genitais das fêmeas. Além disso, uma lesão ampla nessa área em ratos 

produziu a diminuição da frequência de ejaculações, o aumento no número de 

intromissões e o aumento do intervalo entre as intromissões quando comparadas a 

animais não lesados (Meisel, 1994). Sugeriu-se, assim, que lesões na AMe causam 

alterações significativas nos modelos de comportamento sexual, o que reforça a 

sugestão de que a AMe pode ser um importante componente neural do sistema de 

regulação do comportamento copulatório de ratos (Takahashi & Gladstone, 1988). 

 

É muito importante ressaltar que um dos principais papéis funcionais das 

projeções da AMePD para o núcleo hipotalâmico periventricular ântero-ventral 

(AVPV) é a regulação da liberação do GnRH, imprescindível para o ciclo reprodutivo 

(Simerly, 1998). Em 1999, Newman e colaboradores sugeriram que as conexões 

neurais e sua sensibilidade aos hormônios sexuais são dinamicamente moduladas 

no decorrer da vida e que essas células regulam os comportamentos sexuais em 

fêmeas. Neste sentido, os subnúcleos da AMe parecem estar envolvidos na 

organização das fases do ciclo estral, juntamente com o VMH, o AVPV, a MPOA e o 

núcleo arqueado. Portanto, além das conexões da AMePD com núcleos 
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hipotalâmicos regularem a liberação do GnRH  (Simerly, 1998; Etgen et al., 1999), 

estas conexões podem modular a receptividade sexual em fêmeas. 

 

1.6 Técnica de Golgi e Caracterização dos Neurônios da AMePD 

 

Em 1873, Camilo Golgi descreveu uma técnica de impregnação celular pela 

prata que foi fundamental para o entendimento da estrutura do tecido nervoso e de 

sua organização básica. A técnica de Golgi permite a visualização da célula nervosa 

inteira. No entanto, apenas uma pequena porção de células nervosas (1-10%) 

presentes no tecido é impregnada pela prata, adquirindo uma coloração negra que 

contrasta com o restante do tecido em cor amarelo-parda. Ademais, nem todas as 

regiões do SNC de diferentes espécies impregnam-se igualmente e, conforme 

avança a idade do animal, torna-se muito mais difícil obter bons resultados (Ramón 

Y Cajal, 1909; Peters & Kaiserman-Abramof, 1970; Woolley & McEwen, 1993; 

Pannese, 1996; Rasia-Filho et al., 1999).  

 

Os experimentos realizados em gatos, cachorros, camundongos e ratos 

evidenciaram, pela técnica de Golgi, uma morfologia neuronal relativamente simples 

e muito similar na AMe dessas espécies (McDonald, 1992). Os neurônios são do tipo 

multipolar, com corpos ovais ou fusiformes (Gomez & Newman, 1991; Rasia-Filho et 

al., 1999) e com tamanhos que variam de pequeno, com cerca de 8-10 micrômetros 

(µm) de diâmetro médio, até médio, com aproximadamente 10-15 µm nesta medida 

(Rasia-Filho et al., 1999). Os neurônios multipolares, característicos dessa região, 

são do tipo bipenachado (tradução livre para bitufted, do inglês) ou estrelado, 

conforme o número de ramificações dendríticas primárias originadas do soma 

celular. Sendo que os neurônios bipenachados apresentam dois ramos dendríticos 

primários surgindo do soma, enquanto que os estrelados possuem três ou mais 

ramos dendríticos primários (Rasia-Filho et al., 1999; Rasia-Filho et al., 2004). 

 

Os dendritos podem apresentar protusões membranosas denominadas de 

espinhos dendríticos, que são referidos como especialização pós-sinápticas (Bradley 

et al., 1999) e constituem a unidade de entrada ou saída da atividade sináptica 

(Woolf et al., 1998). A distribuição, a forma e o tamanho dos espinhos dendríticos 
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estão diretamente relacionados com a função do neurônio, portanto, a determinação 

do número de espinhos por segmento dendrítico ou densidade por micrômetro (µm) 

dendrítico pode ajudar a elucidar a atividade celular local e sua plasticidade (Woolf 

et al., 1998). Uma característica peculiar dos espinhos dendríticos é a sua 

variabilidade morfológica. Este processo reflete o rearranjo rápido do citoesqueleto 

de actina no seu interior, o que pode levar à mudança no tamanho e no número de 

espinhos (Oertner & Matus, 2005; Tada & Sheng, 2006). Em geral, os espinhos 

dendríticos podem ser classificados de acordo com a sua morfologia com a seguinte 

nomenclatura: 1. Filopódio, que não apresenta uma cabeça definida, sendo fino e 

comprido, e acredita-se que seja a forma precursora dos espinhos; 2. Fino, o qual 

apresenta pescoço fino e pode não ter uma cabeça bem definida; 3. Espesso, que 

não apresenta um pescoço diferenciado e representa apenas uma elevação no 

contorno dendrítico; 4. Cogumelo, que apresenta o pescoço fino e uma cabeça 

grande, parecendo ser o mais estável em termos de contatos sinápticos duradouros; 

5. Ramificado, no qual o pescoço pode dar origem a mais de uma cabeça (Figura 2) 

(Peters-Kaiserman-Abramof, 1970; Hering & Sheng, 2001; González-Burgos, 2004). 

 

 

 

Figura 2: Morfologias dos espinhos dendríticos 

Representação esquemática das diferentes morfologias dos espinhos dendríticos, como se observa à 

microscopia de luz, surgindo a partir de uma linha de base que representa o tronco dendrítico. Figura 

adaptada de Hering & Sheng (2001) e reproduzida de Marcuzzo (2006).  

 

A arborização dendrítica da AMe é esparsa, com ramos dendríticos grossos, 

razoalvelmente retilíneos, longos ou de comprimento variável que se irradiam para 

direções variadas (Narkiewicz et al., 1978; Gomez & Newman, 1991; McDonald, 



26
 

 

1992; Rasia-Filho et al., 1999; Rasia-Filho et al., 2004). A densidade de espinhos 

dendríticos nessa região varia de baixa a moderada (Narkiewicz et al., 1978; 

Milhouse & De Olmos, 1981; Rasia-Filho et al., 2004). Espinhos dendríticos 

pleomórficos são encontrados na AMeAD, na AMePD e na AMePV (Rasia-Filho et 

al., 2002; Rigotti, 2002). Os axônios dos subnúcleos da região posterior da AMe 

preferencialmente dirigem-se medialmente ao núcleo basal ou à porção principal do 

BNST, enquanto os da AMeAD compõem parte da ansa pediculares, também 

chamada de amígdalo-fungal ventral (Kamal & Kömöl, 1975; Cooke & Simerly, 

2005). Pela análise ultraestrutural dos neurônios da AMePD, as sinapses 

axodendríticas no tronco dos dendritos são as mais frequentemente observadas e, 

pelo aspecto morfológico, parecem ser principalmente excitatórias (Hermel et al., 

2006). Os espinhos dendríticos, quando presentes, apresentam formas variadas e 

encontram-se de forma aparentemente homogênea ao longo de cada dendrito, 

porém igualmente em alguns somas celulares e cones axonais (McDonald, 1992; 

Rasia-Filho et al., 1999; Rasia-Filho et al., 2004; Rigoti, 2002; Hermel et al., 2006).  

 

Em ratos, a densidade de espinhos dendríticos proximais na AMePD é maior 

em machos do que em fêmeas nas fases de proestro, estro ou metaestro (Rasia-

Filho et al., 2004) e ambos apresentam redução na densidade de espinhos 

dendríticos após remoção dos hormônios gonadais (de Castilhos et al., 2008). De 

fato, os hormônios gonadais influenciam no número de neurônios (Morris & Jordan, 

2008), no volume celular (Hermel et al., 2006), na orientação dendrítica (  et 

al., 2008), na densidade de espinhos dendríticos (Cooke et al., 2007; Cunningham et 

al., 2007; De Castilhos et al., 2008; Rasia-Filho et al., 2004), nos contatos sinápticos 

(Nishizuka & Arai, 1983) e no potencial excitatório pós-sináptico dessa estrutura 

(Cooke & Woolley, 2005). Além disso, fêmeas em proestro e estro apresentam 

menor densidade de espinhos dendríticos ao longo do ciclo estral. Ao mesmo tempo 

ocorre um decréscimo no número de sinapses na AMePD de ratas (Rasia-Filho et 

al., 2004; Oberlander & Erskine, 2008). 
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2. OBJETIVOS 

 

2.1 Objetivo geral 

 

Este estudo teve como objetivo avaliar o papel da OT na modulação do 

comportamento sexual e na densidade de espinhos dendríticos dos neurônios da 

AMePD em camundongos fêmeas através utilização de animais knockout para o 

gene da OT (OTKO). 

 

2.2 Objetivos Específicos 

 

- Analisar os efeitos do déficit de OT no comportamento sexual de 

camundongos fêmeas; 

- Avaliar o número de oócitos presentes nos ovidutos de fêmeas OTKO; 

- Quantificar as concentrações plasmáticas basais de AVP de fêmeas OTKO; 

- Analisar a densidade de espinhos nos primeiros 40 µm dendríticos dos 

neurônios da AMePD de fêmeas OTKO na fase do proestro. 



28
 

 

3. ARTIGO CIENTÍFICO A SER SUBMETIDO PARA PUBLICAÇÃO 

 

 

Título: Sexual behavior and dendritc spines density in the posterodorsal 

medial amygdala in oxytocin knockout mice 

 

Revista escolhida: Behavioural Brain Research 

 

Fator de Impacto: 3.417 

 

Normas da revista Behavioral Brain Research:  

www.elsevier.com/wps/find/journaldescription.cws_home/506045/authorinstructions 

  



29
 

 

Sexual behavior and dendritic spine density of posterodorsal medial amygdala 

neurons in oxytocin knockout female mice 

 

 

Roberta Oriques Beckera, Virgínia Meneghini Lazzaria, Itiana Castro Menezesb, 

Mariana Morrisc, Katya Rigattoa, Aldo B. Lucionb, Alberto A. Rasia-Filhob,d,*, Márcia 

Giovenardia,* 

 

 

a Programa de Pós-Graduação em Ciências da Saúde, Universidade Federal de 

Ciências da Saúde de Porto Alegre, Porto Alegre, RS, Brazil. 

b Programa de Pós-Graduação em Neurociências, Universidade Federal do Rio 

Grande do Sul, Porto Alegre, RS, Brazil. 

c Pharmacology and Toxicology Department, Wright State University, Dayton, OH, 

United States of America. 

d Programa de Pós-Graduação em Patologia e em Ciências da Reabilitação, 

Universidade Federal de Ciências da Saúde de Porto Alegre, RS, Brazil. 

 

* These authors contributed equally to the present study.   

Corresponding Author: Profª. Márcia Giovenardi, Departamento de Ciências Básicas 

da Saúde, Universidade Federal de Ciências da Saúde de Porto Alegre, Sarmento 

Leite 245, sala 308, Porto Alegre, RS, 90050-170, Brazil.  

Phone: +55 51 33038751, Fax: +55 51 33038718 

E-mail: mgiovenardi@yahoo.com.br  



30
 

 

ABSTRACT 

 

 

Central oxytocin (OT) and arginine-vasopressin (AVP) have been shown to 

play an important role in sexual behavior and neuroendocrine secretion in rodents. 

Results from exogenous OT administration on sexual behaviors in male and female 

mice are controversial. This study aimed to analyze the role of OT in the 

posterodorsal medial amygdala (MePD), a forebrain area involved in pheromonal 

processing and reproduction, on the sexual behavior modulation and  proximal 

dendritic spines density, , of female mice with selective deletion of the OT gene 

(OTKO). Female mice C57BL/6 were genotyped and divided into control (WT) and 

OTKO groups (n= 11 each). The experiments were performed in the beginning of the 

night in the proestrus phase. Our results showed that OTKO group has a notable 

decrease in the frequency, the duration and the quotient of lordosis behavior and a 

reduction in the number of oocytes. On the other hand showed a higher density of 

proximal dendritic spines in the MePD, when compared to the WT group. No 

significant difference was observed in the plasma levels of AVP between groups. Our 

data indicate that, without altering the occurrence of ovarian cycle phases or AVP 

circulating levels, OT remarkably modulates female mice sexual behavior display, 

ovulation, the number of dendritic spines and possibly the information processing of 

MePD neurons.  

 

 

Keywords: Extended amygdala, OTKO mice, ovulation, reproductive behavior, 

vasopressin.  
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1. INTRODUCTION 

 

 Oxytocin (OT) and arginine-vasopressin (AVP) play a pivotal role in the 

regulation of social behaviors in rodents [1]. They are synthesized in the 

magnocellular and parvocellular neurons of the paraventricular nucleus (PVN) and in 

the supraoptic nucleus (SON) of the hypothalamus. Magnocellular neurons project to 

the neurohypophysis and release these peptides into the peripheral circulation. 

Parvocellular neurons project to several brain areas, including the amygdaloid nuclei, 

hippocampus, nucleus of the solitary tract, dorsal motor nucleus of the vagus, area 

postrema, hypothalamic ventromedial nucleus (VMH) and medial preoptic area 

(MPOA), ventral tegmental area, nucleus accumbens and bed nucleus of the stria 

terminalis (BnST) [2-4]. Thus, OT and AVP are likely to be key regulators of evolution 

and expression of different types of social systems, including the maternal care, 

aggression, pair bonding, sexual behavior and social memory [5-7]. 

The recognition of conspecifics is an initial and crucial condition for the 

establishment of social [8] and sexual behavior. Chemical, such as odor, scent and 

pheromone, are cues to mediate sexual and competitive interactions and are of 

major importance in individual and kin recognition as well as mate selection [9-11]. 

Odor signals are processed by two systems, the main olfactory and the vomeronasal 

pathway [12]. Both have heavy direct and indirect projections to the medial nucleus 

of the amygdala (MeA) [12,13], with a relatively minor input to the BnST [14]. The 

MeA sends massive projections to the BnST and the MPOA which, in turn, project to 

the lateral septum and hippocampus [13,14]. This odor investigation/recognition 

circuit involves two relevant neuropeptides: OT and AVP [15,16]. OT-deficient mice 

are not able to recognize a previously encountered, familiar conspecific during 
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subsequent trials [1,17], possibly due to a defect in processing of chemosensory 

information involving the MeA [18]. In fact, this social recognition behavior can be 

rescued with direct microinjection of OT into the MeA of OT knockout (OTKO) mice 

[17]. 

The MeA is composed by 4 subnuclei and, among other functions [19-21], 

modulate social and reproductive behaviors [22-25]. Several findings indicate that the 

sex steroids can alter the morphology and function of the posterodorsal medial 

amygdala (MePD) neurons and glial cells [26-28], making the rat MePD sexually 

dimorphic or modifiable by naturally occurring variations in the level of circulating 

ovarian steroids [23-31]. The MePD neurons from intact adult male rats have a 

higher density of proximal dendritic spines than females in proestrus, estrus or 

metaestrus, but not in diestrus [23,25]. Thus, acting locally in the MePD and/or in 

interconnected sex steroid sensitive regions, gonadal hormones can alter the amount 

of dendritic spines in the MePD, establishing and/or maintaining a higher quantity of 

spines in males and inducing a numerical variation across the estrous cycle in 

females. Dendritic spines have crucial properties for synaptic strength and plasticity 

and to affect neuronal activity in integrated circuits [32-35]. For example, the rat 

MePD is connected to hypothalamic nuclei that control reproduction [e.g., the MPOA 

and the anteroventral periventricular nucleus; 36,37] and modulates timely 

hypothalamic gonadotrophin releasing hormone (GnRH) secretion and sexual 

behavior display [38,39], processes olfactory/pheromonal [40,41] and vaginocervical 

stimuli [38], and induce long-term changes in prolactin secretion needed for 

pregnancy/pseudopregnancy or mnemonic events at the time of mating [42,43]. 

Moreover, brain OT plays an important role in the regulation of male and 

female sexual behavior. In male rodents, OT is implicated in the erectile function, 
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copulatory activity and ejaculation [44,45]. In female rats, others copulatory behavior 

regulation occurs through interactions between estrogen (E), progesterone (P) and 

OT [44]. OT induces female sexual behavior, primarily by its action in the MPOA and 

the VMH to control lordosis display [46,47]. In female, primed with E, the OT receptor 

(OTR) antisense oligodeoxynucleotides infusion into the VMH blocks female 

receptivity to male rats [48-50]. Furthermore, experimental evidences show that OT 

can regulate the GnRH cells activity, suggesting a possible modulation on luteinizing 

hormone (LH) peak and, consequently, the ovulation [51]. Compared to OT, AVP has 

been reported to exert opposite effects on female sexual behavior in rats. When 

administered centrally, AVP inhibits but AVP receptor (V1a) antagonists stimulates 

sexual receptivity [52,53]. These antagonistic effects can occur in the MPOA, 

suggesting that OT and AVP interaction may contribute to the regulation of sexual 

behavior in females [53]. 

Therefore, the present study aimed to analyze the role of OT in the sexual 

behavior, the number of oocytes and, the density of dendritic spines in the MePD of 

female mice. The basal plasma concentration of AVP was also measured in these 

animals. 

 

2. MATERIAL AND METHODS 

 

2.1 GENERAL METHODS 

 

2.1.1 Animals  

The mice of this study were the offspring of a backcrossed stock obtained from 

Dr. W. Scott Young (B6; 129S-Oxttm1Wsy/J; NIMH, USA). All animals were 
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littermates from heterozygous breeders (C57BL/6 mice). 34 females and 10 males,   

weighed 25 to 35 g between 5 and 8 months old, were raised in the animal house 

facility of the Universidade Federal de Ciências da Saúde de Porto Alegre (UFCSPA, 

Brazil). Mice were housed in ventilated transparent acrylic cages (37 cm × 24 cm × 

24 cm) and grouped with up to ve same-sex. The room temperature was controled 

(22 ± 1ºC) and a 12:12 light dark cycle (lights off at 5 pm) was adopted. Mice had 

free access to chow (Nuvilab, Brazil) and water. 

All procedures were performed in conformity with international regulation for 

the care and use of laboratory animals (National Institutes of Health Publication No. 

85-23, reviewed 1985, USA) as well as the Brazilian Society for Neuroscience and 

Behavior Guidelines. The protocols were approved by the local Ethics Committee 

(UFCSPA, Brazil, protocol No. 920/09).  

In order to determine the regularity of the estrous cycle, vaginal smears were 

taken from virgin female mice during 2 weeks before the beginning of the experiment. 

After the occurrence of three regular estrous cycles, experiments were performed in 

the beginning of the night of the proestrus phase.  

 

2.1.2 Genotyping 

The colony founders were developed by Young et al. [54]. The gene was 

deleted by crossing a genetic construct with the WT mouse OT allele in a manner 

that replaced the last 2 exons. Genotyping was carried out as previously described 

[54]. Briefly, genomic DNA was isolated from mouse tail samples and used as 

template for polymerase chain reaction. The primer sequences for amplification of 

-CTT GGC TTA CTG GCT CTG ACCT-

-GTC AAG AGG GAG CCT AAC ACT TC-
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-TGC CCC AAA 

GGC CTA CCC GCT TCC-  

After genotyping, mice were divided into WT and OTKO groups and randomly 

assigned in two experiments, as follow. 

 

2.2 EXPERIMENT 1 

 

2.2.1 Sexual Behavior 

The females from the WT control group (n=11) and OTKO group (n=11) were 

tested with sexually experienced males. In this experiment we used sexually 

experienced males because they exhibited higher frequencies and shorter latencies 

for the behavioral components of copulation, including mounting, intromission and 

ejaculation [55]. The male was adapted for 10 minutes in the test apparatus. After the 

adaptation time, a female was placed in the same observing box and the behavioral 

test started. The test was performed during the dark cycle in an observation room 

illuminated by dim red light, and behaviors were recorded with a video camera during 

15 minutes [56]. 

The following parameters were evaluated: latency, frequency and duration of 

lordosis behavior. The lordosis response was scored on a 4-point scale (0 3) as 

described by Hardy and DeBold [57]. For each female mouse, a lordosis quotient 

was calculated by dividing the number of lordosis scores of 2 or 3 by the total number 

of mounts x 100. The test was videotaped using a video camera and recorded using 

d). 
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2.2.2 Hormonal Measures and Counting of Oocytes  

On the day after the sexual behavior test (i.e., on the estrus day and during 

the lightly part of the cycle, at 8 a.m.), the female mice were decapitated and trunk 

blood samples (n=8 for both WT and OTKO groups) and ovaries (n=11 for both WT 

and OTKO groups) were collected for further study. 

The blood samples were placed in heparinized test tubes and centrifuged for 

15 minutes at 1600g at 4°C; plasma was separated and stored at 80°C. AVP 

enzyme-linked immunosorbent assays (ELISA) were performed according to the 

manufacturer's protocol (Enzo Life Sciences, USA) using the Arg8-Vasopressin EIA 

optical density reading at 405 nm with correction at 570 nm was taken and a 

standard curve was generated. The accepted intra-assay variability was 5.9%.  

The oviducts were dissected and squashed between 2 glass slides. The 

number of oocytes of both oviductal ampullae was counted under an optical 

microscope as previously described [58]. 

 

2.3 EXPERIMENT 2 

 

2.3.1 Histological Procedure and Data Acquisition 

Females from the WT and OTKO groups (n=6 each) were anesthetized with a 

single intraperitoneal injection of ketamine (80 mg/kg) and xylazine (10 mg/kg). Then, 

mice were submitted to transcardially perfusion with heparinized 4% 

paraformaldehyde and 2% picric acid diluted in 0.1 M phosphate buffer solution 

(pH=7.4). The brains were removed and sectioned using a vibratome (Leica, 

Germany). Coronal sections (150-µm thick) were received in a 3% potassium 
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dichromate (Merck, Germany) solution for 24 h and, afterwards, impregnated in 1.5% 

silver nitrate (Merck, Germany) solution for 48 h at room temperature. Sections were 

dehydrated, cleared with xylene, mounted on slides and covered with non-acidic 

synthetic balsam and coverslips [adapted from 21,31,59,61]. 

The sections containing the MePD corresponded to a distance of 1.46 to 1.94 

mm posterior to the bregma [61]. In both hemispheres, the MePD was located 

terminalis. Microscopical images of each brain slice were compared with the 

schematic drawings of an atlas [61; Figure 1A]. The criteria for neuronal selection 

were: (a) be undoubtedly located within the boundaries of the MePD and relatively 

distant from its ultimate borders; (b) be relatively isolated from neighboring 

-

impregnated and defined borders; and (d) spines should be clearly distinguishable 

from the background [based on 21,26,59]. Because the number of impregnated 

neurons was variable from section to section, both sides of the brain were used [see 

also 59].  

For each female, the first dendrites that fulfilled these aforementioned 

inclusion criteria had their spines drawn using a camera lucida (2000x; i.e., 100x oil-

immersion objective lens and 20x ocular lens) coupled to an optic microscope 

(Olympus BX-41, Japan). Dendritic spines in the different microscopic focal planes 

were counted on proximal branches. From each female, 8 different dendrites were 

studied, being 1 dendrite per sampled neuron. Then, dendritic spines data were 

obtained from a total of 48 dendrites per experimental group. After this procedure, 

three-dimensional dendritic lengths were measured from the same microscopic 

images (400x; Olympus BX-61, Japan) and the images of the selected dendrites 
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were captured by a high-resolution digital camera (CCD DP72, Japan) and analyzed 

with the Image Pro Plus 7.0 computer software (Media Cybernetics, USA). Dendritic 

length sampled varied from 30-60 µm in both groups [mean + standard deviation 

(SD) values of 41 + 5 µm and 39 + 7 µm for WT and OTKO mice, respectively]. Spine 

density was defined as the number of spines per unit length of dendritic segment 

[µm; 26,31,59]. 

 

2.4 STATISTICAL ANALYSIS 

 

Parameters of female sexual behavior showed a nonparametric distribution. 

The latency, frequency, duration and lordosis quotient were analyzed by the Mann-

Whitney test, as was the counting of oocytes in the experimental groups.  

Mean values for the dendritic spine density from each mouse were calculated 

for further comparisons. Results fulfilled the formal requirements for the use of 

parametrical analyses after showing a normal distribution (Kolmogorov-Smirnov test) 

and equal SD. Dendritic spine density data from the two experimental groups were 

submitted to an unpaired two- -test. The same test was used to 

compare the plasma concentration of AVP of WT and OTKO mice. In all cases, 

P<0.05 was considered statistically significant. 

 

 

3. RESULTS 

 

The OTKO group had a significant increase in the latency and decrease in the 

frequency and duration of female sexual behavior and in the lordosis quotient when 
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compared to WT females (Table 1).  

OTKO females had a significant decrease in the number of oocytes at the 

oviductal ampullae (P=0.03) when compared to the WT group (Figure 2). 

Proximal dendritic spine density showed a highly significant statistical 

difference between groups. Minimum to maximum ranges for the MePD spine density 

observed for the WT and the OTKO groups were, respectively, 1.7-1.9 and 2.2-2.5 

spines/dendritic µm. The OTKO group showed consistently higher values than the 

WT one (P < 0.01; Figure 1B-D).  

Finally, there was no significant difference in the plasma concentration of AVP 

between WT and OTKO group (mean  standard error= 583.3±112.0 and 

617.1±96.03 pg/mL, respectively; P=0.82). 

 

4. DISCUSSION 

 

To provide additional evidence for the importance of OT in physiological and 

behavioral processes, gene targeting has been used to eliminate certain limitations of 

the OT manipulations on the central nervous system [62]. This technique has own 

advantages and limitations, but makes a valid contribution to the complex behavioral 

functions of central neuropeptides such as OT. However, it is also important to keep 

in mind that manipulation of a single brain component is likely to co-affect multiple 

related systems [7].  

There are currently differing views on the role of OT in the sexual behavior of 

male and female rodents [7,54,63-66]. Recently, we showed that sexual behavior of 

male mice was not affected by the lack of OT [67]. Therefore, other hormones and 

neurochemical mechanisms could be more critically involved in sexual behavior of 
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males (e.g., see 68-70). In this study, our results showed that knocking out the OT 

gene notably decreased the sexual behavior of female mice. 

Various central effects of OT in the sexual behavior were obtained after 

intracerebroventricular microinjections, some showing that OT facilitates socio-sexual 

interactions [65,68,71]. In ovariectomized female rats under E and P replacement 

therapy, OT increased lordosis behavior in response to mounting attempts [44]. 

Lordosis is also increased when either E and OT [48] or P and OT [72] are 

administered concomitantly. Otherwise, the use of an OT antagonist reduced or 

inhibited the expression of sexual behavior in female rats [44,48,50,53]. 

The lordosis response, the typical expression of female receptivity, is a 

complex phenomenon regulated by excitatory and inhibitory neural systems in the 

brain [73,74]. The induction of female sexual behavior is mediated primarily by the 

MPOA and the VMH [47]. McCarthy et al [50] demonstrated that microinjection of 

antisense oligodeoxynucleotides to OTR into the VMH of females primed with E 

blocked female receptivity to male rats. Similarly, OT antagonist into the MPOA prior 

to treatment with P significantly decreased lordosis behavior and increased duration 

n 

female sexual behavior, and together with a previous report [76], these data show 

that OT is an essential modulator of lordosis behavior in mice. 

Our results of oocytes quantification showed that the OTKO group had a 

significant decrease in the number of oocytes compared to the WT group. Several 

evidences show that OT modulates GnRH neurones activity and that OT constitutes 

-ovulatory LH 

peak and also ovulation [51,77-80]. Additionally, the central administration of OT 

antiserum abolishes the proestrus LH peak [81], whereas OT induces GnRH release 
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from hypothalamic explants on the afternoon of proestrus [82], supporting the pivotal 

role for OT in GnRH release. Caligioni et al [51] demonstrated that female rats in 

metaestrus or proestrus had a double-

10% of GnRH neurones co-

could be found in the vicinity of these GnRH neurones. These data suggest that OT 

may partially control neuronal activity in a subpopulation of GnRH neurons. 

OT, but further investigations should be conducted to clarify the OT interaction in the 

multifactor neural network that controls GnRH neurones during the estrous cycle. 

Indeed, in our study OTKO females showed normal cycles, as assessed by vaginal 

cytology, and could be studied in the proestrus phase. 

Our results also showed that OTKO mice have a higher (~25% more) dendritic 

spines in the MePD than WT controls. Again, both groups were studied during 

proestrus, the cycle phase when there are estradiol and progesterone peak in the 

circulation. It is important noting that ovarian hormones and their receptors correlate 

with the OT and OTR expression in socially-relevant mouse brain regions [83,84]. 

The MePD expresses one of the highest concentrations of  and  estrogen 

receptors [29,30,85], local neurons also co-express progesterone receptors [29], OT 

and OT receptors (OTR) can be found in this subnucleus [86]. In addition, the 

bilateral administration of OTR antagonist into the MeA impairs social memory in 

adult females [87]. Then, it is highly conceivable that the female mice MePD neurons 

are affected by sex steroids fluctuations and local release of OT to dynamically 

modulate reproductive/social behaviors. OTKO mice showed a disruption of sexual 

receptiveness during proestrus at the same time that MePD dendritic spines density 

was higher. In the rat MePD, there is a significant decrease in the number of spines 
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when females change from diestrus to proestrus [24,26]. Considering that direct and 

indirect projections from the MePD to reproductive behavior-related hypothalamic 

areas are GABAergic, it is likely that the reduction in the MePD dendritic spines 

during proestrus would reduce the output inhibition for the occurrence of female 

sexual behavior [further elaborated in 21,31; see also relevant data in 88]. It is 

possible that OTKO female mice have an impaired sex steroid-mediated influence on 

the plastic number of MePD dendritic spines and/or an altered neural circuitry for 

sexual behavior, although sparing the cyclic hypothalamic GnRH neuroendocrine 

secretion. Other possibilities include pheromonal recognition of the conspecific male 

and emotional/social behavior processing by the MePD neurons of OTKO females. 

These are working hypotheses highlighted by the present results that deserve to be 

tested with further experimental approaches aiming specifically the MePD.  

The involvement of OT and AVP in social recognition, as well as in numerous 

social behaviors, including parental and sexual behaviors [2,7] suggests a 

fundamental role of these hormones in the evolution of animal sociality. In contrast to 

OT, AVP is likely to be more important for social recognition in males than in females 

[89]. The expression of AVP is greater in male than in female brains across various 

species [62] and AVP is usually associated with male-typical social behaviors, such 

as male reproduction, aggression and territoriality [90]. Here, we observed that 

knocking out the OT gene did not change the basal AVP plasma concentration, when 

comparing OTKO and WT female mice, and it would be inferred that lordosis 

of OT. 

In conclusion, our data suggest that OT modulates the sexual behavior 

display, decrease the number of oocytes and the density of dendritic spines in the 

MePD of female mice. The AVP plasma concentration was not affected in OTKO 
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animals. 

 

ACKNOWLEDGMENTS 

We thank Maria Beatriz Kohek, Aline Gasparotto and Josi Maria Zimmermann 

for the collaboration with the genotyping. Also, we thank Dinara Jaqueline Moura for 

the help with the ELISA assays and CAPES (Brazil) for the financial support. 

 

CONFLICT OF INTEREST 

Authors declare no actual or potential conflict of interest for the present work. 



44
 

 

REFERENCES 

 

[1] Choleris E, Clipperton-Allen AE, Phan A, Kavaliers M. Neuroendocrinology of 

social information processing in rats and mice. Front Neuroendocrinol 2009; 

30:442-459. 

[2] Gimpl G, Fahrenholz F. The oxytocin receptor system: structure, function, and 

regulation. Physiol Rev 2001; 81:629-682. 

[3] Tom N, Stephen JA. Oxytocin in health and disease. Int J Biochem Cell B 

2010; 42:202-205 

[4] Lim MM, Young LJ. Neuropeptidergic regulation of affiliative behavior and 

social bonding in animals. Horm Behav 2006; 50:506-517. 

[5] Argiolas A, Meles MR, Vargiu L, Gessa GL. D(CH2)5Tyr(Me)-[Orn8]vasotocin, 

a potent oxytocin antagonist, antagonizes penile erection and yawning 

induced by oxytocin and apomorphine, but not by ACTH-(1-24). Eur J 

Pharmacol 1987; 134:221-224. 

[6] Lee HJ, Macbeth AH, Pagani JH, Young III WS. Oxytocin: the great facilitator 

of life. Prog Neurobiol 2009; 88:127-151. 

[7] Neumann ID. Brain oxytocin: a key regulator of emotional and social 

behaviours in both females and males. J Endocrinol 2008; 20:858-865. 

[8] Achiraman S, Ponmanickam P, Ganesh DS, Archunan G. Detection of estrus 

by male mice: Synergistic role of olfactory vomeronasal system. Neurosci Lett 

2010; 477:144-148. 

[9] Nevison CM, Barnard CJ, Beynon RJ, Hurst JL. The consequences of 

inbreeding for recognizing competitors. Proc Roy Soc B 2000; 267:687-694. 

[10] Kavaliers M, Colwell DD , Choleris E , Agmo A, Muglia LJ, Ogawa S, Pfaff 

DW. Impaired discrimination of and aversion to parasitized male odors by 

female oxytocin knockout mice. Genes Brain Behav 2003; 2:220-230. 



45
 

 

[11] Kavaliers M, Agmos A, Choleris E, Gustafsson JA, Korach KS, Muglia LJ, 

Pfaff DW, Ogawa S. Oxytocin and estrogen receptor a and b knockout 

miceprovide discriminably different odor cues in behavioral assays. Genes 

Brain Behav 2004; 3:189-195. 

[12] Brennan PA, Keverne EB. Something in the air? New insights into 

mammalian pheromones. Curr Biol 2004; 14:81-89. 

[13] Keller M, Michael JB, Brock O, Brennan PA, Bakker J. The main and the 

accessory olfactory systems interact in the control of mate recognition and 

sexual behavior. Behav Brain Res 2009; 200:268-276. 

[14] Wacker WD, Ludwig M. Vasopressin, oxytocin, and social odor recognition. 

Horm Behav 2012; 61:259-265.  

[15] Kevetter GA, Winans SS. Connections of the corticomedial amygdala in the 

197:99-111. 

[16] Young LJ. The neurobiology of social recognition, approach, and avoidance. 

Biol Psychiatry 2002; 51:18-26. 

[17] Ferguson JN, Adag JM, Insel TR, Young LJ. Oxytocin in the medial amygdala 

is essential for social recognition in the mouse. J Neurosci 2001; 21:8278-

8285. 

[18] Samuelsen CL, Meredith M. Oxytocin antagonist disrupts male mouse medial 

amygdala response to chemical-communication signals. Neuroscience 2011; 

180:96-104. 

[19] De Olmos J, Beltramino CA, Alheid GF. Amydala and extended amydala of 

the rat: cytoarchitectonical, fibroarchitectonical and chemoarchitectonical 

survey. The Rat Nervous System. Amsterdam. Elsevier Academic Press: 

2004; 1:509-603. 

[20] Choi GB, Dong HW, Murphy AJ, Valenzuela DM, Yancopoulos GD, Swanson 

LW, Anderson DJ. Lhx6 delineates a pathway mediating innate reproductive 

behaviors from the amygdala to the hypothalamus. Neuron 2005; 46:647-660. 



46
 

 

[21] Dall'Oglio A, Gehlen G, Achaval M, Rasia-Filho AA. Dendritic branching 

feature s of posterodorsal medial amygdala neurons of adult male and female 

rats: further data based on the Golgi method. Neurosci Lett 2008; 430:151-

156. 

[22] Newman SW. The medial extended amygdala in male reproductive behavior. 

A node in the mammalian social behavior network. Ann NY Acad Sci 1999; 

877:242-257. 

[23] Sheehan TP, Paul M, Amaral E, Numa MJ, Numan M. Evidence that the 

medial amygdala projects to the anterior/ventromedial hypothalamic nuclei to 

inhibit maternal behavior in rats. Neuroscience 2001; 106:341-356. 

[24] Rasia-Filho AA, Dalpian F, Menezes IC, Brusco J, Moreira JE, Cohen RS. 

Dendritic spines of the medial amygdala: plasticity, density, shape, and 

subcellular modulation by sex steroids. Histol Histopathol 2012; 27:985-1011. 

[25] Rasia-Filho AA, Haas D, de Oliveira AP, de Castilhos J, Frey R, Stein D, 

Lazzari VM, Back F, Pires GN, Pavesi E, Winkelmann-Duarte EC, Giovenardi 

M. Morphological and functional features of the sex steroid-responsive 

posterodorsal medial amygdala of adult rats. Mini Rev Med Chem 2012; 

12:1090-106. 

[26] Rasia-Filho AA, Fabian C, Rigoti K, Achaval M. Influence of sex, estrous 

cycle and motherhood in dendritic spine density in the rat medial amygdala 

revealed by the Golgi method. Neuroscience 2004; 126:839-847. 

[27] Johnson RT, Breedlove SM, Jordan CL. Sex differences and laterality in 

astrocyte number and complexity in the adult rat medial amygdala. J Comp 

Neurol 2008; 511:599-609. 

[28] Morris JA, Jordan CL, Breedlove SM. Sexual dimorphism in neuronal number 

of the posterodorsal medial amygdala is independent of circulating androgens 

and regional volume in adult rats. J Comp Neurol 2008; 506:851-859. 

[29] Gréco B, Allegretto EA, Tetel MJ, Blaustein JD. Coexpression of ER beta with 

ER alpha and progestin receptor proteins in the female rat forebrain: effects of 

estradiol treatment. Endocrinology 2001; 142:5172-5181. 



47
 

 

[30] Gréco B, Blasberg ME, Kosinski E C, Blaustein JD. Response of ER·-IR and 

-IR cells in the forebrain of female rats to mating stimuli. Horm Behav 

2003; 43:444-453. 

[31] De Castilhos J, Forti CD, Achaval M, Rasia-Filho AA. Dendritic spine density 

of posterodorsal medial amygdala neurons can be affected by gonadectomy 

and sex steroid manipulations in adult rats: a Golgi study. Brain Res 2008; 

1240:73-81. 

[32] Segal M. Dendritic spines, synaptic plasticity and neuronal survival: activity 

shapes dendritic spines to enhance neuronal viability. Eur J Neurosci 2010; 

31:2178-2184. 

[33] Nuriya M, Jiang J, Nemet B, Eisenthal KB, Yuste R. Imaging membrane 

potential in dendritic spines . Proc Natl Acad Sci U. S. A. 2006; 103:786-790. 

[34] Chen Y, Sabatini BL. Signaling in dendritic spines and spine microdomains. 

Curr Opin Neurobiol 2012; 22:389-396.  

[35] Rochefort NL, Konnerth A. Dendritic spines: from structure to in vivo function. 

EMBO Rep 2012; 13:699-708. 

[36] Yoshida M, Suga S, Sakuma Y. Estrogen reduces the excitability of the 

female rat medial amygdala afferents from the medial preoptic area but not 

those from the lateral septum. Exp Brain Res 1994; 101:1-7 

[37] Polston EK, Gu G, Simerly RB. Neurons in the principal nucleus of the bed 

nuclei of the stria terminalis provide a sexually dimorphic GABAergic input to 

the anteroventral periventricular nucleus of the hypothalamus. Neuroscience 

2004; 123:793-803. 

[38] Pfaus JG, Hebb MM. Implications of immediate early gene induction in the 

brain following sexual stimulation of female and male rodents. Brain Res Bull 

1997; 44: 397-407. 

[39] Simerly RB. Anatomical substrates of hypothalamic integration. The rat 

nervous system. Amsterdam: Elsevier Academic Press 2004; 1:335-369. 



48
 

 

[40] Meredith M, Westberry JM. Distinctive responses in the medial amygdala to 

same-species and different-species pheromones. J Neurosci 2004; 24:5719-

5725. 

[41] Pereno GL, Balaszczuk V, Beltramino CA. Detection of conspecific 

pheromones elicits FOS expression in GABA and calcium-binding cells of the 

rat vomeronasal system-medial extended amygdala. J Physiol Biochem 2011; 

67:71-85.  

[42] Polston EK, Heitz M, Barnes W, Cardamone K, Erskine MS. NMDA-mediated 

activation of the medial amygdala initiates a downstream neuroendocrine 

memory responsible for pseudopregnancy in the female rat. J Neurosci 2001; 

21:4104-4110 

[43] Lehmann ML, McKellar H, Erskine MS. Coding for the initiation of 

pseudopregnancy by temporally patterned activation of amygdalar NMDA 

receptors. J Neurosci 2005; 25:8696-8703. 

[44] Witt DM. Oxytocin and rodent sociosexual responses: from behavior to gene 

expression. Neurosci Biobehav Rev 1995; 19:315-24. 

[45] Argiolas A, Collu M, Gessa GL, Melis MR, Serra G. The oxytocin antagonist 

d(CH2)5Tyr(Me)-Orn8-vasotocin inhibits male copulatory behaviour in rats. 

Eur J Pharmacol 1988; 149:389 92. 

[46] Arletti R, Bertolini A. Oxytocin stimulates lordosis behavior in female rats. 

Neuropeptides 1985; 6:247-253. 

[47] Kow LM, Pfaff DW. Mapping of neural and signal transduction pathways for 

lordosis in the search for estrogen actions on the central nervous system. 

Behav Brain Res 1998; 92:169-180. 

[48] Caldwell JD. Central oxytocin and female sexual behavior. Annals of the New 

York Academy of Sciences 1992; 652:166-179. 

[49] Lee H-J, Pagani J, Young III W S. Using transgenic mouse models to study 

oxytocin's role in the facilitation of species propagation. Brain Res 2010; 

1364:216-224. 



49
 

 

[50] McCarthy MM, Kleopoulous CV, Mobbs CV, Pfaff DW. Infusion of antisense 

oligodeoxynucleotides to the oxytocin receptor in the ventromedial 

hypothalamus reduces estrogen-induced sexual receptivity and oxytocin 

receptor binding in the female rat. Neuroendocrinology 1994; 59:432-440. 

[51] Caligioni CS, Oliver C, Jamur MC, Franci CR. Presence of oxytocin receptors 

in the gonadotrophin-releasing hormone (GnRH) neurones in female rats: a 

possible direct action of oxytocin on GnRH neurones. J Neuroendocrinol 2007; 

19:439-448. 

[52] Södersten P, DeVries GJ, Buijs RM, Melin P. A daily rhythm in behavioural 

vasopressin sensitivity and brain vasopressin concentrations. Neurosci Lett 

1985; 58:37-41. 

[53] Caldwell JD, Barakat AS, Smith DD, Hruby VJ, Pedersen CA. A uterotonic 

antagonist blocks the oxytocin-induced facilitation of female sexual receptivity. 

Brain Res 1990; 512:291-296. 

[54] Young III WS, Shepard E, Amico J, Hennighausen L, Wagner KU, Lamarca 

MU, Mckinney C, Ginns E. Deficiency in mouse oxytocin prevents milk 

ejection, but not fertility or parturition. J Neuroendocrinol 1996; 8:847-853. 

[55] Swaney WT, Dubose BN, Curley JP, Champagne FA. Sexual experience 

affects reproductive behavior and preoptic androgen receptors in male mice. 

Horm Behav 2012; 61:472 478. 

[56] Jonhansen JA, Clemens LG, Nunez AA. Characterization of copulatory 

behavior in female mice: evidence for paced mating. Physiol Behav 2008; 

95:425-429. 

[57] Hardy DF, DeBold JF. Effects of mounts without intromission upon the 

behavior of female rats during the onset of estrogen-induced heat. Physiol 

Behav 1971; 7:643-645. 

[58] Gomez CM, Frantz PJ, Sanvitto GL, Anselmo-Franci JA, Lucion AB. Neonatal 

handling induces anovulatory estrous cycles in rats. Braz J Med Biol Res 

1999; 32:1239-1242. 



50
 

 

[59] -Filho AA. The density of Golgi-

impregnated dendritic spines from adult rat posterodorsal medial amygdala 

neurons displays no evidence of hemispheric or dorsal/ventral differences. 

Neurosci Lett 2010; 469:209-221. 

[60] Rasia-Filho AA. Dendritic 

spines in the posterodorsal medial amygdala after restraint stress and ageing 

in rats. Neurosci Lett 2007; 424:16-21. 

[61] Franklin KBJ, Paxinos G. The Mouse Brain in Stereotaxic Coordinates, 

Academic Press, San Diego, 1997. 

[62] DeVries AC, Young Jr WS, Nelson RJ. Reduced aggressive behaviour in 

mice with targeted disruption of the oxytocin gene. J Neuroendocrinol 1997; 

9:363-368. 

[63] Nishimori K, Young LJ, Guo Q, Wang Z, Insel TR, Matzuk MM. Oxytocin is 

required for nursing but not essential for parturition or reproductive behavior. 

Proc Natl Acad Sci USA 1996; 93:11699-11704. 

[64] Insel TR, Gelhard R, Shapiro LE. The comparative distribution of forebrain 

receptors for neurohypophyseal peptides inmonogamous and polygamous 

mice. Neuroscience 1991; 43:623-630. 

[65] Pedersen CA, Caldwell JD, Jirikowski GF, Insel TR. Oxytocin in maternal, 

sexual, and social behaviors. Ann NY Acad Sci 1992; 652:1-492. 

[66] Borrow AP, Cameron NM. The role of oxytocin in mating and pregnancy. 

Horm Behav 2012; 61:266-276. 

[67] Lazzari V M, Becker R O, Azevedo MS, Morris M, Rigatto K, Almeida S, 

Lucion AB, Giovenardi M. Oxytocin modulates social interaction but is not 

essential for sexual behavior in male mice. Behav Brain Res 2013; 244:130-

136. 

[68] Carter CS, Lederhendler II, Kirkpatrick B. The interactive neurobiology of 

-18. 



51
 

 

[69] Argiolas A, Melis MR. The role of oxytocin and the paraventricular nucleus in 

the sexual behaviour of male mammals. Physiol Behav 2004; 83:309-317. 

[70] Rasia-Filho AA, Lucion AB. Effects of 8-OH-DPAT on sexual behavior of 

male rats castrated at different ages. Horm Behav 1996; 30:251-258. 

[71] Ivell R, Russel JA. Oxytocin: cellular and molecular approaches in medicine 

and research. Adv Exp Med Bio 1995; 1:13-18. 

[72] Gorzalka BB; Lester GL. Oxytocin-induced facilitation of lordosis behavior in 

rats in progesterone-dependent. Neuropeptides 1987; 10:55-56. 

[73] Pfaff DW, Schwartz-Giblin S, McCarthy MM, Kow LM. Cellular and molecular 

mechanisms of female reproductive behaviors. The physiology of reproduction 

1994; 1:107-220.  

[74]  Segovia S, Garcia-Falgueras A, Perez-Lago C, Pinos H, Carrillo B, Collado 

P, Claro P, Guillamon A. The effects of partial and complete masculinization 

on the sexual differentiation of nuclei that control lordotic behavior in the male 

rat. Behav Brain Res 2009; 196:261-267. 

[75] Caldwell JD, Johns JM, Faggin BM, Senger MA, Pedersen CA. Infusion of an 

oxytocin antagonist into the medial preoptic area prior to progesterone inhibits 

sexual receptivity and increases rejection in female rats. Horm Behav 1994; 

28:288-302. 

[76] Ferri-Kolwicz, SL, Flanagan-Cato LM. Oxytocin and dendrite remodeling in 

the hypothalamus. Horm Behav 2012; 61:251-258. 

[77] Sarkar DK, Chiappa SA, Fink G, Sherwood NM. Gonadotropin-releasing 

hormone surge in proestrous rats. Nature 1976; 264: 461-463. 

[78] Robinson G, Evans JJ. Oxytocin has a role in gonadotrophin regulation in 

rats. J Endocrinol 1990; 125:425-432. 

[79] Levine JE, Bauer-Dantoin AC, Besecke LM, Conaghan LA, Legan SJ, 

Meredith JM, Strobl FJ, Urban JH, Vogelsong KM, Wolfe AM. Neuroendocrine 

regulation of luteinizing hormone pulse generator in the rat. Recent Prog Horm 

Res 1991; 47:97-153. 



52
 

 

[80] Freeman ME. The neuroendocrine control of the estrous cycle in the rat. In: 

Knobil E, Neill JD, editors. The physiology of reproduction. 2nd edition New 

York: Raven Press; 1994; 613-658. 

[81] Johnston CA, Lopez F, Samson WK, Negro-Vilar A. Physiologically important 

role for central oxytocin in the preovulatory release of luteinizing hormone. 

Neuroscience Lett 1990; 120:256-258. 

[82] 

preovulatory gonadotropin-releasing hormone requires more than the median 

eminence. Neuroendocrinol 2001; 74:129-134. 

[83] Patisaul HB, Scordalakes EM, Young LJ, Rissman EF. Oxytocin, but not 

oxytocin receptor, is regulated by oestrogen receptor beta in the female 

mouse hypothalamus. J Neuroendocrinol 2003; 15:787-793. 

[84] Clipperton-Allen AE, Lee AW, Reyes A, Devidze N, Phan A, Pfaff DW, 

Choleris E. Oxytocin, vasopressin and estrogen receptor gene expression in 

relation to social recognition in female mice. Physiol Behav 2012; 105:915-

924. 

[85] Simerly RB, Chang C, Muramatsu M, Swanson LW. Distribution of androgen 

and estrogen receptor mRNA-containing cells in the rat brain: an in situ 

hybridization study. J Comp Neurol 1990; 294:76-95. 

[86] Allen Mouse Brain Atlas [Internet]. ©2012 Allen Institute for Brain Science. 

Available from: http://mouse.brain-map.org/. 

[87] Lukas M, Veenema AH, Neumann ID. Oxytocin mediates rodent social 

memory within the lateral septum and the medial amygdala depending on the 

relevance of the social stimulus: Male juvenile versus female adult 

conspecifics. Psychoneuroendocrinol 2012; 61:50-56. 

[88] Carrer HF, Whitmoyer DI, Sawyer CH. Effects of hippocampal and 

amygdaloid stimulation on the firing of preoptic neurons in the proestrous 

female rat. Brain Res 1978; 142:363-367. 



53
 

 

[89] Gabor CS, Phan A,Clipperton-Allen AE, Kavaliers M, Choleris E. Interplay of 

oxytocin, vasopressin, and sex hormones in the regulation of social 

recognition. Behav Neurosci 2012; 126:97-109 

[90] Donaldson ZR, Young LJ. Oxytocin, vasopressin and the neurogenetics of 

sociality. Science 2008; 322:900-904.  



54
 

 

LEGENDS 
 

Table 1. Latency, frequency, duration and quotient of lordosis behavior of control 

(WT) and knockout (OTKO) groups (n = 11 each). The Mann-Whitney test was used 

expressed as median and interquartile range.  

Figure 1. (A) Schematic diagram of the ventral part of a coronal slice showing the 

posterodorsal medial amygdala (MePD) in the mouse forebrain and from where part 

of the present data was obtained (in this case, 1.70mm posterior to the bregma). 

Gray filled area indicates the MePD location. MePV, posteroventral medial amygdala; 

opt, optic tract; st, stria terminalis. Scale bar = 500 µm. Adapted from the atlas of 

Franklin and Paxinos (1997). (B,C) Digitized photomicrographs of representative 

Golgi-impregnated spiny proximal dendrites of posterodorsal medial amygdala 

neurons of (B) control (WT mice) and (C) oxytocin knockout (OTKO) adult female 

mice. Arrows point to pleomorphic dendritic spines. Fine adjustments in background 

contrast and brightness were made in Image Pro Plus 7.0 and Photoshop 7.0 

softwares (USA). Scale bar = 2.5 µm. (D) Mean (+ SD; n=6 rats in each group) of the 

number of spines obtained in proximal dendrites of Golgi-impregnated neurons from 

the MePD of WT and OTKO females. * P < 0.001 compared to the WT group. 

Figure 2. Number of oocytes from control (WT) and OT knockout (OTKO) female 

mice (n = 11 each). The Mann-Whitney test was used to compare the experimental 

groups, at a significance level of P  significant difference between 

groups. Data are expressed as median and interquartile range.  
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TABLE 1. Sexual Behavior of Female Mice 

 

 

Parameters/Groups 

 

WT  

 

OTKO  

 

P 

 

Latency of Lordosis 

 

307.0 (108.0/900.0) 

 

900.0(900.0/900.0) 

 

0.01 

 

Frequency of Lordosis 

 

1.0 (0.0/14.0) 

 

0.0 (0.0/0.0) 

 

0.02 

 

Duration of Lordosis (s) 

 

0.3 (0.00/13.9) 

 

0.0 (0.0/0.0) 

 

0.02 

 

Quotient of Lordosis 

 

0.4 (0.1/1.4) 

 

0.0 (0.0/0.1) 

 

0.02 

 

Frequency of Mounts 

 

22.0 (15.0/30.0) 

 

11.0 (0.0/19.0) 

 

0.07 
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FIGURE 1 
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FIGURE 2 
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4. CONCLUSÕES 

 
Com os resultados obtidos no presente estudo podemos concluir que a OT 

modula o comportamento sexual de camundongos fêmeas, pois fêmeas OTKO 

apresentam redução deste comportamento. Além disso, apresentam redução do 

número de oócitos e aumento da densidade de espinhos dendríticos proximais na 

AMePD (na fase de proestro). Outro ponto a ser destacado é que não existe 

diferença nas concentrações plasmáticas basais de AVP entre animais WT e OTKO. 
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5. PERSPECTIVAS 

 
Pretende-se dar continuidade a este estudo realizando-se: 

- Análise da densidade de espinhos nos primeiros 40 µm dendríticos dos 

neurônios da MePD de fêmeas OTKO nas outras fases do ciclo estral; 

- Análise da densidade de espinhos nos primeiros 40 µm dendríticos dos 

neurônios do hipocampo e do hipotálamo de fêmeas OTKO na fase do proestro; 

- Análise da capacidade de reconhecimento olfatório e memória social de 

camundongos machos e fêmeas com e sem déficit de OT; 

- Análise da expressão gênica dos receptores de OT, AVP, estrogênio e 

dopamina em diferentes estruturas do SNC, de camundongos machos e fêmeas 

com e sem déficit de OT. 
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also http://www.elsevier.com/editors/plagdetect. 
 
Changes to authorship: 
This policy concerns the addition, deletion, or rearrangement of author names in the 
authorship of accepted manuscripts: Before the accepted manuscript is published in 
an online issue: Requests to add or remove an author, or to rearrange the author 
names, must be sent to the Journal Manager from the corresponding author of the 
accepted manuscript and must include: (a) the reason the name should be added or 
removed, or the author names rearranged and (b) written confirmation (e-mail, fax, 
letter) from all authors that they agree with the addition, removal or rearrangement. In 
the case of addition or removal of authors, this includes confirmation from the author 
being added or removed. Requests that are not sent by the corresponding author will 
be forwarded by the Journal Manager to the corresponding author, who must follow 
the procedure as described above. Note that: (1) Journal Managers will inform the 
Journal Editors of any such requests and (2) publication of the accepted manuscript 
in an online issue is suspended until authorship has been agreed. After the accepted 
manuscript is published in an online issue: Any requests to add, delete, or rearrange 
author names in an article published in an online issue will follow the same policies 
as noted above and result in a corrigendum. 
 
Copyright:  
Upon acceptance of an article, authors will be asked to complete a 'Journal 
Publishing Agreement' (for more information on this and copyright see 
http://www.elsevier.com/copyright). Acceptance of the agreement will ensure the widest 
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possible dissemination of information. An e-mail will be sent to the corresponding 
author confirming receipt of the manuscript together with a 'Journal Publishing 
Agreement' form or a link to the online version of this agreement. Subscribers may 
reproduce tables of contents or prepare lists of articles including abstracts for internal 
circulation within their institutions. Permission of the Publisher is required for resale 
or distribution outside the institution and for all other derivative works, including 
compilations and translations (please consult http://www.elsevier.com/permissions). If 
excerpts from other copyrighted works are included, the author(s) must obtain written 
permission from the copyright owners and credit the source(s) in the article. Elsevier 
has preprinted forms for use by authors in these cases: please consult 
http://www.elsevier.com/permissions. 
 
Retained author rights: 
As an author you (or your employer or institution) retain certain rights; for details you 
are referred to: http://www.elsevier.com/authorsrights.  
 
Role of the funding source:  
You are requested to identify who provided financial support for the conduct of the 
research and/or preparation of the article and to briefly describe the role of the 
sponsor(s), if any, in study design; in the collection, analysis and interpretation of 
data; in the writing of the report; and in the decision to submit the article for 
publication. If the funding source(s) had no such involvement then this should be 
stated. Please see http://www.elsevier.com/funding.  
 
Funding body agreements and policies: 
Elsevier has established agreements and developed policies to allow authors whose 
articles appear in journals published by Elsevier, to comply with potential manuscript 
archiving requirements as specified as conditions of their grant awards. To learn 
more about existing agreements and policies please visit 
http://www.elsevier.com/fundingbodies.  
 
Open access: 
This journal offers you the option of making your article freely available to all via the 
ScienceDirect platform. To prevent any conflict of interest, you can only make this 
choice after receiving notification that your article has been accepted for publication. 
The fee of $3,000 excludes taxes and other potential author fees such as color 
charges. In some cases, institutions and funding bodies have entered into agreement 
with Elsevier to meet these fees on behalf of their authors. Details of these 
agreements are available at http://www.elsevier.com/fundingbodies. Authors of accepted 
articles, who wish to take advantage of this option, should complete and submit the 
order form (available at http://www.elsevier.com/locate/openaccessform.pdf). Whatever 
access option you choose, you retain many rights as an author, including the right to 
post a revised personal version of your article on your own website. More information 
can be found here: http://www.elsevier.com/authorsrights. 
 
Language and language services: 
Please write your text in good English (American or British usage is accepted, but not 
a mixture of these). Authors who require information about language editing and 
copyediting services pre- and post-submission please visit 
http://webshop.elsevier.com/languageservices or our customer support site at 
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http://support.elsevier.com for more information.  
 
Submission: 
Submission to this journal proceeds totally online and you will be guided stepwise 
through the creation and uploading of your files. The system automatically converts 
source files to a single PDF file of the article, which is used in the peer-review 
process. Please note that even though manuscript source files are converted to PDF 
files at submission for the review process, these source files are needed for further 
processing after acceptance. All correspondence, including notification of the Editor's 
decision and requests for revision, takes place by e-mail removing the need for a 
paper trail.  
 
Submission address:  
http://ees.elsevier.com/bbr/  
 
Use of wordprocessing software:  
It is important that the file be saved in the native format of the wordprocessor used. 
The text should be in single-column format. Keep the layout of the text as simple as 
possible. Most formatting codes will be removed and replaced on processing the 
article. In particular, do not use the wordprocessor's options to justify text or to 
hyphenate words. However, do use bold face, italics, subscripts, superscripts etc. 
When preparing tables, if you are using a table grid, use only one grid for each 
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, 
to align columns. The electronic text should be prepared in a way very similar to that 
of conventional manuscripts (see also the Guide to Publishing with Elsevier: 
http://www.elsevier.com/guidepublication). Note that source files of figures, tables and 
text graphics will be required whether or not you embed your figures in the text. See 
also the section on Electronic artwork. To avoid unnecessary errors you are strongly 
advised to use the 'spell-check' and 'grammar-check' functions of your 
wordprocessor.  
 
Article structure:  
 
Length of Article  
Short communications should not exceed 3500 words (inclusive of abstract, 
references, and figure legends) and should not be divided into sections. No more 
than 25 references and four figures or tables should be included. 
 
Subdivision - numbered sections  
Divide your article into clearly defined and numbered sections. Subsections should 
be numbered 1.1 (then 1.1.1, 1.1.2), 1.2, etc. (the abstract is not included in section 
numbering). Use this numbering also for internal cross-referencing: do not just refer 
to 'the text'. Any subsection may be given a brief heading. Each heading should 
appear on its own separate line.  
 
Introduction  
State the objectives of the work and provide an adequate background, avoiding a 
detailed literature survey or a summary of the results. 
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Material and methods  
Provide sufficient detail to allow the work to be reproduced. Methods already 
published should be indicated by a reference: only relevant modifications should be 
described. 
 
Results  
Results should be clear and concise. 
 
Discussion  
This should explore the significance of the results of the work, not repeat them. A 
combined Results and Discussion section is often appropriate. Avoid extensive 
citations and discussion of published literature.  
 
Conclusions  
The main conclusions of the study may be presented in a short Conclusions section, 
which may stand alone or form a subsection of a Discussion or Results and 
Discussion section.  
 
Appendices  
If there is more than one appendix, they should be identified as A, B, etc. Formulae 
and equations in appendices should be given separate numbering: Eq. (A.1), Eq. 
(A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and 
figures: Table A.1; Fig. A.1, etc. 
 
Essential title page information:  
 

Title. Concise and informative. Titles are often used in information-retrieval 
systems. Avoid abbreviations and formulae where possible. 

Author names and affiliations. Where the family name may be ambiguous (e.g., a 
double name), please indicate this clearly. Present the authors' affiliation addresses 
(where the actual work was done) below the names. Indicate all affiliations with a 
lower-case superscript letter immediately after the author's name and in front of the 
appropriate address. Provide the full postal address of each affiliation, including the 
country name and, if available, the e-mail address of each author. 

Corresponding author. Clearly indicate who will handle correspondence at all 
stages of refereeing and publication, also post-publication. Ensure that telephone 
and fax numbers (with country and area code) are provided in addition to the e-
mail address and the complete postal address. Contact details must be kept up 
to date by the corresponding author.  

Present/permanent address. If an author has moved since the work described in 
the article was done, or was visiting at the time, a 'Present address' (or 'Permanent 
address') may be indicated as a footnote to that author's name. The address at which 
the author actually did the work must be retained as the main, affiliation address. 
Superscript Arabic numerals are used for such footnotes. 
 
Abstract:  
A concise and factual abstract is required. The abstract should state briefly the 
purpose of the research, the principal results and major conclusions. An abstract is 
often presented separately from the article, so it must be able to stand alone. For this 
reason, References should be avoided, but if essential, then cite the author(s) and 
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year(s). Also, non-standard or uncommon abbreviations should be avoided, but if 
essential they must be defined at their first mention in the abstract itself.The 
Abstract should not exceed 250 words. 
 
Graphical abstract:  
A Graphical abstract is optional and should summarize the contents of the article in a 
concise, pictorial form designed to capture the attention of a wide readership online. 
Authors must provide images that clearly represent the work described in the article. 
Graphical abstracts should be submitted as a separate file in the online submission 
system. Image size: Please provide an image with a minimum of 531 × 1328 pixels (h 
× w) or proportionally more. The image should be readable at a size of 5 × 13 cm 
using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or 
MS Office files. See http://www.elsevier.com/graphicalabstracts for examples. Authors 
can make use of Elsevier's Illustration and Enhancement service to ensure the best 
presentation of their images also in accordance with all technical requirements: 
Illustration Service.  
 
Highlights: 
Highlights are mandatory for this journal. They consist of a short collection of bullet 
points that convey the core findings of the article and should be submitted in a 
separate file in the online submission system. Please use 'Highlights' in the file name 
and include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet 
point). See http://www.elsevier.com/highlights for examples. 
 
Keywords: 
Immediately after the abstract, provide a maximum of 6 keywords, using American 
spelling and avoiding general and plural terms and multiple concepts (avoid, for 
example, 'and', 'of'). Be sparing with abbreviations: only abbreviations firmly 
established in the field may be eligible. These keywords will be used for indexing 
purposes. 
 
Abbreviations: 
Define abbreviations that are not standard in this field in a footnote to be placed on 
the first page of the article. Such abbreviations that are unavoidable in the abstract 
must be defined at their first mention there, as well as in the footnote. Ensure 
consistency of abbreviations throughout the article. 
 
Acknowledgements: 
Collate acknowledgements in a separate section at the end of the article before the 
references and do not, therefore, include them on the title page, as a footnote to the 
title or otherwise. List here those individuals who provided help during the research 
(e.g., providing language help, writing assistance or proof reading the article, etc.). 
 
Database linking and accession numbers: 
 
Elsevier aims at connecting online articles with external databases which are useful 
in their respective research communities. If your article contains relevant unique 
identifiers or accession numbers (bioinformatics) linking to information on entities 
(genes, proteins, diseases, etc.) or structures deposited in public databases, then 
please indicate those entities according to the standard explained below. Authors 
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should explicitly mention the database abbreviation (as mentioned below) together 
with the actual database number, bearing in mind that an error in a letter or number 
can result in a dead link in the online version of the article. Please use the following 
format: Database ID: xxxx Links can be provided in your online article to the 
following databases (examples of citations are given in parentheses): 

GenBank: Genetic sequence database at the National Center for Biotechnical 
Information (NCBI) (GenBank ID: BA123456). 

PDB: Worldwide Protein Data Bank (PDB ID: 1TUP). 
CCDC: Cambridge Crystallographic Data Centre (CCDC ID: AI631510). 
TAIR: The Arabidopsis Information Resource database (TAIR ID: AT1G01020). 
NCT: ClinicalTrials.gov (NCT ID: NCT00222573). 
OMIM: Online Mendelian Inheritance in Man (OMIM ID: 601240). 
MINT: Molecular INTeractions database (MINT ID: 6166710). 
MI: EMBL-EBI OLS Molecular Interaction Ontology (MI ID: 0218). 
UniProt: Universal Protein Resource Knowledgebase (UniProt ID: Q9H0H5). 

 
Footnotes: 
Footnotes should be used sparingly. Number them consecutively throughout the 
article, using superscript Arabic numbers. Many wordprocessors build footnotes into 
the text, and this feature may be used. Should this not be the case, indicate the 
position of footnotes in the text and present the footnotes themselves separately at 
the end of the article. Do not include footnotes in the Reference list. Table footnotes 
indicate each footnote in a table with a superscript lowercase letter.  
 
Artwork: 
 
Electronic artwork  
 
General points  

 
'graphics' or enclose the font. 

. 
. 

or your artwork files. 
tions to illustrations separately. 

ed size of the printed version. 
each figure as a separate file. 

A detailed guide on electronic artwork is available on our website: 
http://www.elsevier.com/artworkinstructions  
 
You are urged to visit this site; some excerpts from the detailed information are 
given here.  
 
Formats  
Regardless of the application used, when your electronic artwork is finalised, please 
'save as' or convert the images to one of the following formats (note the resolution 
requirements for line drawings, halftones, and line/halftone combinations given 
below):  
EPS: Vector drawings. Embed the font or save the text as 'graphics'. TIFF: Color or 
grayscale photographs (halftones): always use a minimum of 300 dpi. TIFF: 
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Bitmapped line drawings: use a minimum of 1000 dpi. TIFF: Combinations bitmapped 
line/half-tone (color or grayscale): a minimum of 500 dpi is required. If your electronic 
artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then 
please supply 'as is'. 
 
Please do not:  

resolution is too low;  
o low in resolution;  

 
 
Color artwork  
Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS 
Office files) and with the correct resolution. If, together with your accepted article, you 
submit usable color figures then Elsevier will ensure, at no additional charge, that 
these figures will appear in color on the Web (e.g., ScienceDirect and other sites) 
regardless of whether or not these illustrations are reproduced in color in the printed 
version. For color reproduction in print, you will receive information regarding 
the costs from Elsevier after receipt of your accepted article. Please indicate 
your preference for color: in print or on the Web only. For further information on the 
preparation of electronic artwork, please see http://www.elsevier.com/artworkinstructions.  
Please note: Because of technical complications which can arise by converting color 
figures to 'gray scale' (for the printed version should you not opt for color in print) 
please submit in addition usable black and white versions of all the color illustrations. 
 
Figure captions  
Ensure that each illustration has a caption. Supply captions separately, not attached 
to the figure. A caption should comprise a brief title (not on the figure itself) and a 
description of the illustration. Keep text in the illustrations themselves to a minimum 
but explain all symbols and abbreviations used. 
 
Tables: 
Number tables consecutively in accordance with their appearance in the text. Place 
footnotes to tables below the table body and indicate them with superscript 
lowercase letters. Avoid vertical rules. Be sparing in the use of tables and ensure that 
the data presented in tables do not duplicate results described elsewhere in the 
article. 
 
References: 
 
Citation in text  
Please ensure that every reference cited in the text is also present in the reference 
list (and vice versa). Any references cited in the abstract must be given in full. 
Unpublished results and personal communications are not recommended in the 
reference list, but may be mentioned in the text. If these references are included in 
the reference list they should follow the standard reference style of the journal and 
should include a substitution of the publication date with either 'Unpublished results' 
or 'Personal communication'. Citation of a reference as 'in press' implies that the item 
has been accepted for publication. 
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Web references 
As a minimum, the full URL should be given and the date when the reference was 
last accessed. Any further information, if known (DOI, author names, dates, reference 
to a source publication, etc.), should also be given. Web references can be listed 
separately (e.g., after the reference list) under a different heading if desired, or can 
be included in the reference list.  
 
References in a special issue  
Please ensure that the words 'this issue' are added to any references in the list (and 
any citations in the text) to other articles in the same Special Issue. 
 
Reference management software  
This journal has standard templates available in key reference management 
packages EndNote (http://www.endnote.com/support/enstyles.asp) and Reference 
Manager (http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing 
packages, authors only need to select the appropriate journal template when 
preparing their article and the list of references and citations to these will be 
formatted according to the journal style which is described below. 
 
Reference style  
Text: Indicate references by number(s) in square brackets in line with the text. The 
actual authors can be referred to, but the reference number(s) must always be given. 
List: Number the references (numbers in square brackets) in the list in the order in 
which they appear in the text.  
Examples:  
Reference to a journal publication: [1] Van der Geer J, Hanraads JAJ, Lupton RA. 
The art of writing a scientific article. J Sci Commun 2010; 163:51 9.  
Reference to a book: [2] Strunk Jr W, White EB. The elements of style. 4th ed. New 
York: Longman; 2000.  
Reference to a chapter in an edited book: [3] Mettam GR, Adams LB. How to prepare 
an electronic version of your article. In: Jones BS, Smith RZ, editors. Introduction to 
the electronic age, New York: E-Publishing Inc; 2009, p. 281 304.  
Note shortened form for last page number. e.g., 51 9, and that for more than 6 
authors the first 6 should be listed followed by 'et al.' For further details you are 
referred to 'Uniform Requirements for Manuscripts submitted to Biomedical Journals' 
(J Am Med Assoc 1997;277:927 34)  
http://www.nlm.nih.gov/bsd/uniform_requirements.html. 
 
Video data: 
Elsevier accepts video material and animation sequences to support and enhance 
your scientific research. Authors who have video or animation files that they wish to 
submit with their article are strongly encouraged to include these within the body of 
the article. This can be done in the same way as a figure or table by referring to the 
video or animation content and noting in the body text where it should be placed. All 
submitted files should be properly labeled so that they directly relate to the video file's 
content. In order to ensure that your video or animation material is directly usable, 
please provide the files in one of our recommended file formats with a preferred 
maximum size of 50 MB. Video and animation files supplied will be published online 
in the electronic version of your article in Elsevier Web products, including 
ScienceDirect: http://www.sciencedirect.com. Please supply 'stills' with your files: you 



81
 

 

can choose any frame from the video or animation or make a separate image. These 
will be used instead of standard icons and will personalize the link to your video data. 
For more detailed instructions please visit our video instruction pages at 
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be 
embedded in the print version of the journal, please provide text for both the 
electronic and the print version for the portions of the article that refer to this content. 
 
Supplementary data: 
Elsevier accepts electronic supplementary material to support and enhance your 
scientific research. Supplementary files offer the author additional possibilities to 
publish supporting applications, high-resolution images, background datasets, sound 
clips and more. Supplementary files supplied will be published online alongside the 
electronic version of your article in Elsevier Web products, including ScienceDirect: 
http://www.sciencedirect.com. In order to ensure that your submitted material is directly 
usable, please provide the data in one of our recommended file formats. Authors 
should submit the material in electronic format together with the article and supply a 
concise and descriptive caption for each file. For more detailed instructions please 
visit our artwork instruction pages at http://www.elsevier.com/artworkinstructions. 
 
Submission checklist: 
The following list will be useful during the final checking of an article prior to sending 
it to the journal for review. Please consult this Guide for Authors for further details of 
any item.  
 
Ensure that the following items are present:  
One author has been designated as the corresponding author with contact details:  

-mail address. 
 

 
 
All necessary files have been uploaded, and contain:  

 
 
 title, description, footnotes). 

 
Further considerations: 

-checked' and 'grammar-checked'. 
correct format for this journal. 

ted in the text, and vice versa. 
obtained for use of copyrighted material from other sources 

(including the Web). 

Web (free of charge) and in print, or to be reproduced in color on the Web (free of 
charge) and in black-and-white in print. 

-and-white versions of the figures are also 
supplied for printing purposes. 
 
For any further information please visit our customer support site at 
http://support.elsevier.com.  
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Use of the Digital Object Identifier: 
The Digital Object Identifier (DOI) may be used to cite and link to electronic 
documents. The DOI consists of a unique alpha-numeric character string which is 
assigned to a document by the publisher upon the initial electronic publication. The 
assigned DOI never changes. Therefore, it is an ideal medium for citing a document, 
particularly 'Articles in press' because they have not yet received their full 
bibliographic information. The correct format for citing a DOI is shown as follows 
(example taken from a document in the journal Physics Letters B): 
doi:10.1016/j.physletb.2010.09.059. When you use the DOI to create URL hyperlinks 
to documents on the web, the DOIs are guaranteed never to change. 
 
Proofs:  
One set of page proofs (as PDF files) will be sent by e-mail to the corresponding 
author (if we do not have an e-mail address then paper proofs will be sent by post) 
or, a link will be provided in the e-mail so that authors can download the files 
themselves. Elsevier now provides authors with PDF proofs which can be annotated; 
for this you will need to download Adobe Reader version 7 (or higher) available free 
from http://get.adobe.com/reader. Instructions on how to annotate PDF files will 
accompany the proofs (also given online). The exact system requirements are given 
at the Adobe site: http://www.adobe.com/products/reader/tech-specs.html. If you do not 
wish to use the PDF annotations function, you may list the corrections (including 
replies to the Query Form) and return them to Elsevier in an e-mail. Please list your 
corrections quoting line number. If, for any reason, this is not possible, then mark the 
corrections and any other comments (including replies to the Query Form) on a 
printout of your proof and return by fax, or scan the pages and e-mail, or by post. 
Please use this proof only for checking the typesetting, editing, completeness and 
correctness of the text, tables and figures. Significant changes to the article as 
accepted for publication will only be considered at this stage with permission from the 
Editor. We will do everything possible to get your article published quickly and 
accurately  please let us have all your corrections within 48 hours. It is important to 
ensure that all corrections are sent back to us in one communication: please check 
carefully before replying, as inclusion of any subsequent corrections cannot be 
guaranteed. Proofreading is solely your responsibility. Note that Elsevier may 
proceed with the publication of your article if no response is received. 
 
Offprints: 
The corresponding author, at no cost, will be provided with a PDF file of the article 
via e-mail. For an extra charge, paper offprints can be ordered via the offprint order 
form which is sent once the article is accepted for publication. The PDF file is a 
watermarked version of the published article and includes a cover sheet with the 
journal cover image and a disclaimer outlining the terms and conditions of use. 
For inquiries relating to the submission of articles (including electronic submission) 
please visit this journal's homepage. Contact details for questions arising after 
acceptance of an article, especially those relating to proofs, will be provided by the 
publisher. You can track accepted articles at http://www.elsevier.com/trackarticle. You 
can also check our Author FAQs (http://www.elsevier.com/authorFAQ) and/or contact 
Customer Support via http://support.elsevier.com. 
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ANEXO 2: Parecer de Aprovação do Projeto pelo CEUA 
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