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RESUMO

As relagBes sociais sdo construidas e mantidas a partir da interagdo entre os
individuos. A ocitocina (OT), vasopressina (AVP), estrogénios (EST) e dopamina
(DOPA), bem como seus respectivos receptores estdo envolvidos na modulagéao
do comportamento sexual de fémeas. Estruturas do sistema nervoso central
(SNC), tais como o bulbo olfatério (BO), o hipotdlamo (HPT), o cértex pré-frontal
(CPF) e o hipocampo (HPC) exercem importantes funcdes relacionadas a
motivacdo sexual, reconhecimento de odores, memadria e respostas emocionais.
Em camundongos fémeas, a OT € essencial para 0 comportamento de lordose e
para estabelecer a preferéncia pelo parceiro. Este estudo teve como objetivo
analisar o impacto do nocauteamento no gene da OT (OTKO) no comportamento
sexual de camundongos fémeas, na sintese hipotalamica de AVP e na expressao
génica dos receptores de OT (OTR), AVP (AVPR1,), EST alfa (ERa), EST beta
(ERB) e DOPARp; no BO, HPT, CPF e HPC. Foram utilizados 11 camundongos
fémeas (C57BL/6J) para o grupo controle (WT) e 0 mesmo nimero para 0 grupo
OTKO. A deteccédo do transgene no genoma foi realizada pela técnica de reacao
em cadeia da polimerase (PCR) e os animais foram classificados como: WT
(OT+/+), heterozigoto (OT+/-) e OTKO (OT-/-). O teste do comportamento sexual
da fémea foi realizado na noite do proestro e 0s parametros comportamentais
avaliados foram: frequéncia, duracao e laténcia de lordose, além da frequéncia de
montas, bem como as posturas nao receptivas e a locomocdo. A coleta das
estruturas encefélicas (BO, HPT, CPF e HPC) aconteceu na manha seguinte do
teste comportamental. Os cDNAs foram sintetizados por transcricdo reversa
seguida de reacdo em cadeia da polimerase (RT-PCR). A expressao génica de
cada receptor foi calculada a partir da formula 22*“. Os dados do registro
comportamental e da expresséo génica foram expressos pela média, erro padrao
da meédia (xtEPM), analisados pelo teste de Mann-Whitney e o nivel de
significancia aceito foi de p<0,05. Nossos resultados mostraram aumento
significativo da laténcia e diminuicao significativa da frequéncia e da duracédo do
comportamento de lordose em fémeas OTKO. Em relacdo as posturas néo
receptivas, fémeas OTKO apresentaram diminuicdo significativa da laténcia e
aumento significativo da frequéncia e da duracdo destas posturas. No que
concerne a expressdo @énica dos diferentes receptores, fémeas OTKO
apresentaram diminuicdo significativa da expressdo génica do OTR apenas no
HPC em relacdo ao grupo WT. Verificamos que o grupo OTKO apresentou
diminuicdo significativa da expressao génica do AVPRi, apenas no HPT, mas
aumento da expressdao no HPC quando comparadas ao grupo WT. Também,
fémeas OTKO apresentaram diminuigao significativa da expressao génica do ERa
e ERPB apenas no CPF quando comparadas ao grupo WT. Nao foram encontradas
diferencas significativas na expressdo génica do DOPARp, em nenhuma das
estruturas estudadas quando comparados os dois grupos estudados. No que diz
respeito ao nocauteamento no gene da OT, nossos resultados mostraram que
este ndo promove diferenca significativa na sintese de RNAm de AVP no HPT do
grupo OTKO quando ao grupo WT. Nossos principais achados nos permitem
inferir que a auséncia da OT dentro do SNC, bem como a importante alteracdo da
expressdo dos genes estudados (OTR, AVPR1,, ERa e ERB) principalmente no
CPF estao relacionados com a diminuicdo do comportamento sexual observada
nas fémeas OTKO.

Palavras-chave: vasopressina, estrogénios, dopamina, OTKO, camundongo.



ABSTRACT

Social relations are built and maintained from the interaction between individuals.
Oxytocin (OT), vasopressin (AVP), estrogens (EST), dopamine (DOPA) and their
receptors are involved in the modulation of sexual behavior in females. Structures
of the central nervous system (CNS), such as the olfactory bulb (OB),
hypothalamus (HPT), medial amygdale, prefrontal cortex (PFC) and hippocampus
(HPC) have important functions related to sexual motivation, odor recognition,
memory, and emotional responses. In mice, OT is essential for lordosis behavior
and to establish the female preference for her partner. The experimental model
using knockout animals for OT allows evaluating the physiological and behavioral
changes generated from this genetic manipulation. This study aimed to analyze
the impact of OT gene knockout (OTKO) in sexual behavior of female mice, in the
synthesis hypothalamic of AVP and gene expression of OT receptors (OTR), AVP
(AVPR1,), EST alpha (ERy), EST beta (ERB) and DOPARp; in OB, HPT, PFC and
HPC. We used 11 female mice (C57BL/6J) for the control group (WT) and the
same number for the OTKO group. Detection of the transgene in the genome was
performed by polymerase chain reaction (PCR) and the animals were classified
as: WT (OT+/+), heterozygous (+/-OT) and OTKO (OT-/-). The female sexual
behavior test was performed on the evening of proestrus and these behavioral
parameters were evaluated: frequency, duration and latency lordosis, frequency of
mounts, as well as non-receptive positions and locomotion. The collection of brain
structures (OB, HPT, PFC and HPC) happened the next morning the behavioral
testt The cDNAs were synthesized by reverse transcription followed by
polymerase chain reaction (RT-PCR). The gene expression of each receptor was
calculated from the 22! formula. Data from the behavioral record and gene
expression were expressed as mean, standard error of the mean (xSEM) and
analyzed by the Mann-Whitney test. In all cases, P<0.05 was considered
statistically significant. Our results showed significant increase in latency and
decrease in the frequency and duration of lordosis behavior in OTKO females. For
non-receptive postures, OTKO females were significantly reduced latency and
increased frequency and duration of these postures. Regarding the gene
expression of different receptors, OTKO females showed significant decrease in
OTR gene expression only in the HPC compared to WT group. We found that the
OTKO group showed a significant decrease in gene expression of AVPR1,0nly in
HPT, but increased expression in HPC as compared to WT group. Also, OTKO
females showed significant decrease in gene expression of ERa and ERp only the
PFC when compared to the WT group. There were no significant differences in
gene expression DOPARp; in any of the studied structures when comparing the
two groups. Regarding knockout in OT gene, our results showed that this does not
promote significant difference in AVP mRNA synthesis in HPT of OTKO group
when the WT group. Our main findings allow us to infer that the absence of OT
within the CNS, as well as a significant changes in expression of the genes
studied (OTR, AVPR14, ERa and ERB) mainly in the PFC are related to decreased
sexual behavior observed in OTKO females.

Key words: OTKO, vasopressin, estrogens, dopamine, female sexual behavior.
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1 INTRODUCAO

A luta pela sobrevivéncia implica em rela¢gdes de interdependéncia entre as
espécies e, acima de tudo, na sua aptidao e sucesso em deixar descendentes
(DARWIN, 1859). A vantagem evolutiva de uma espécie dependera de mutacdes
gue se transmitem ao longo de geragOes. Esta selecdo de sobrevivéncia pode
advir do aprimoramento de sistemas fisiologicos homeostaticos ou de
comportamentos fundamentais, tais como 0s comportamentos alimentar,

reprodutivo, agressivo ou defensivo (SCHENBERG et al., 2005).

A evolugcdo molda a arquitetura da mente, produzindo mecanismos
cognitivos e neurais que sao projetados para resolver problemas adaptativos
encontrados pelos nossos ancestrais. No caso dos hominideos, um dos maiores
desafios adaptativos foi a convivéncia e a interacdo social: aprender a selecionar
companheiros, a formar aliancas e a competir por recursos limitados (BARBEY et

al., 2009).

As respostas comportamentais de um individuo sdo oriundas da sua
interacdo com o ambiente. As diferentes respostas comportamentais ao ambiente
sdo geralmente atribuidas como comportamento ndo social (comportamento de
manutencdo ou de exploracdo) ou comportamento social (a reproducéo,

agressividade, submisséao ou fuga) (CLASSEN, 2000).

Os comportamentos sociais em ratos adultos podem ser classificados em
categorias, incluindo reconhecimento social, interacdo social, comportamento
sexual, comportamento parental e comportamento agressivo (GIOVENARDI et al.,
2000; GIMPL & FAHRENHOLZ, 2001). As relacbes sociais sdo construidas e

mantidas a partir das interacbes entre os individuos. Segundo Slater (2000), o
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reconhecimento de um individuo como integrante de um grupo social €

fundamental para o funcionamento do grupo. Dessa forma, se estabelecem

vantagens adaptativas na formacao de grupos sociais, tais como:

1. Os animais em grupos sao atacados menos frequentemente do que animais
solitarios;

2. O desgaste fisico para alcancar e abater uma caca é menor, pois Varios
animais se engajam na busca e perseguicdo da presa resultando em maior
eficiéncia;

3. A convivéncia com animais mais velhos proporciona aos mais jovens a

aprendizagem, por imitacédo, de tarefas essenciais para a sobrevivéncia.

Os comportamentos sociais podem ser considerados positivos, quando
ocorrem beneficios matuos, ou negativos, quando se enquadra o comportamento
agressivo. As ligacBes sociais podem se formar entre pais e filhos, entre dois
adultos ou entre outros membros do grupo e possui varias vantagens, entre elas a

de garantir a sobrevivéncia da espécie (CARTER & KEVERNE, 2002).

1.1 OCITOCINA

A ocitocina (OT) possui acdes periféricas e centrais. Atualmente, a OT
destaca-se pelo papel na modulacdo dos comportamentos sociais (PEDERSEN &
PRANGE, 1979; GIOVENARDI et al., 1998).

Os corpos celulares dos neurénios localizados nos nucleos hipotalamicos
paraventricular (PVN) e supradptico (SON) produzem e liberam os

neuropeptideos OT e vasopressina (AVP), bem como suas proteinas carreadoras,
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as neurofisinas (CUNNIGHAM & SAWCHENKO, 1991).

O PVN localiza-se bilateralmente ao terceiro ventriculo, onde duas
populacBes de neurdnios ocitocinérgicos estdo bem destacadas, os neur6nios
magnocelulares e o0s neurdnios parvocelulares. Os neurdnios magnocelulares
localizam-se nas por¢des laterais do PVN, os neurbnios parvocelulares localizam-
se medialmente e constituem uma populacdo heterogénea de neurdnios,
contendo multiplos neurotransmissores destinados a realizagdo de diversas
funcdes (BADOER, 2001).

Trés zonas funcionais sdo descritas no PVN: zona magnocelular,
mediocelular e parvocelular (KISS et al., 1991). A zona magnocelular contém
grandes células secretoras, os axonios desta regido sao projetados para
neurohipdfise, formando assim o sistema hipotdlamo-neurohipofiseal. Este
sistema é dependente da atividade elétrica dos neurbnios magnocelulares, que
sdo ativados ou inibidos principalmente por glutamato e acido gama-
aminobutirico (GABA) (OLIET & PIET, 2004). Potenciais de acdo nessas células
neurosecretoras desencadeiam a liberacdo da OT dos terminais axonais na
neurohipdfise para a corrente sanguinea (GIMPL & FARENHOLZ, 2001). A OT
também € produzida na divisdo parvocelular do PVN, porém em menores
guantidades. Os neurbnios desta divisdo se projetam para areas diferentes do
encéfalo, tais como: bulbo olfatério (BO), amigdala, hipocampo (HPC), hipotalamo
(HPT), ndcleo accumbens entre outras (para revisdo, GIMPL & FARENHOLZ,
2001; MANTELLA et al., 2003). A OT que é sintetizada pelos neurbnios
parvocelulares do PVN, pode ainda, ser liberada diretamente no liquor por
dendritos da parede do terceiro ventriculo (DOGTEROM et al.,, 1977; apud

LECKMAN et al., 1994).
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A OT é um nonapeptideo hidrossoluvel que possui uma ponte cis-cis nas
posicbes 1-6, importante para o reconhecimento e ligacdo do horménio ao
receptor (CUNNINGHAM, 1999). Este horménio é membro da familia das
proteinas neurohipofisérias, que esta tradicionalmente relacionado ao parto e a
lactacdo (GIMPL & FARENHOLZ, 2001), estruturalmente assemelha-se a AVP,
diferindo-se desse por apenas dois aminoacidos (ACHER et al., 1995;
CALDWELL & YOUNG, 2006).

Os genes que codificam a OT e a AVP sado altamente homdlogos e
localizados no mesmo cromossomo, mas com orientagcdo transcricional oposta
(YOUNG & GAINER, 2003). A distancia entre esses genes variam de 3 a 12 kb
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 estéao
localizados no cromossomo 2 e no homem no cromossomo 20 (HARA et al.,
1990).

Somente um tipo de receptor para OT (OTR) é reconhecido e clonado
(CALDWELL et al.,, 2008; LUCION & BORTOLINI, 2014). Este receptor esta
amplamente distribuido no encéfalo, variando a localizacdo de acordo com a
espécie e 0 género. OTR pertence a familia dos receptores hetero-triméricos
acoplados a proteina G, € expresso por diversos tipos de células, incluindo
neurbnios, células oOsseas, mioblastos, cardiomiocitos e células endoteliais
(GIMPL & FARENHOLZ, 2001; ZINGG & LAPORTE, 2003). Ele pode estar
associado tanto a proteinas G do tipo Gy11 como as proteinas G;, e seus efeitos
intracelulares dependem do tipo de acoplamento (WETTSCHURECK et al., 2004;

REVERSI et al., 2005).
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Receptores associados a proteina Ggi11 promovem a ativagdo de uma
fosfolipase C capaz de quebrar o fosfatidil de inositol-4,5-bifosfato (PIP2) em
inositoltrifosfato (IP3) e diacilglicerol, que por sua vez, medeiam uma série de
efeitos intracelulares, incluindo a liberacdo de calcio de estoques do reticulo
endoplasmatico (ALBERTS et al., 1994). Os receptores associados a proteina G;
tém carater inibitério, pois promovem a inibicdo da enzima adenilato-ciclase e,
consequentemente, a reducdo dos niveis intracelulares de adenosina
monofosfato ciclico (AMPc), a abertura dos canais de potassio e o fechamento
dos canais de calcio (ALBERTS et al., 1994).

O OTR apresenta-se, frequentemente, oligomerizado na superficie da
célula mesmo na auséncia de ligantes, e pode ser encontrado oligomerizado com
receptores da familia da AVP (Vi1 e V;). No entanto, o papel desse processo de
oligomerizacdo do OTR na transducéo do sinal ndo esta bem elucidado (DEVOST
& ZINGG, 2004).

As diferentes expressbes do OTR no encéfalo podem explicar as
variagbes comportamentais observadas em diferentes espécies. Diferentes vias
de transducéo de sinais regulam a expressdo do OTR e o binding em cada regiéo
cerebral e podem, em parte, mediar a habilidade da OT para exercer diversos
efeitos comportamentais (BALE et al., 2001). Em roedores, a presenca de OTR
ocorre principalmente no bulbo e tubérculo olfatérios, neocodrtex, nucleos basais,
cortex piriforme, no cortex insular e perirrinal, formacédo hipocampal, amigdala
central, nucleo da base da estria terminal, septo lateral, ndcleo accumbens e HPT
ventromedial, nucleo do trato solitario e area tegmental ventral complexo mamilar,

oliva dorsal, nucleo espinhal trigeminal, tronco encefédlico e medula espinhal
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(INSEL, 1991; MORRIS et al.,, 1995; PEDERSEN et al., 1995; VEINANTE &
FREUND-MERCIER, 1997).

As acdes periféricas incluem a contracdo das células mioepiteliais que
envolvem os alvéolos e ductos das glandulas mamérias e no musculo liso do
endométrio, naquele estimulando a ejecéo do leite e neste as contracdes ritmicas
no Utero que sdo responsaveis pela expulsdo do feto (SAMSON & SCHELL,
1995). Participa também da modulacéo da funcéo renal, da secrecédo de insulina e
glucagon pelo pancreas e secrecdo de aldosterona pela glandula adrenal. No
sistema cardiovascular, a OT induz a vasodilatacdo e diminui as contracdes do
miocardio (GIMPL & FARENHOLZ, 2001).

As acdes centrais da OT incluem participacdo no circuito ansiolitico central,
na resposta supressora mediante estresse cronico, no controle do apetite pelo sal,
no controle da pressao arterial e na resposta a diversos tipos de estresse em
eventos hemorragicos, ambientes novos e comportamentos sociais (PEDERSEN
& PRANGE, 1979; LANG et al., 1983; SAMSON & SCHELL, 1995; GIOVENARDI
et al., 1998; NEUMANN, 2002; CARRASCO & VAN DE KAR, 2003; MICHELINI et

al., 2003; RIGATTO et al., 2003; BERNATOVA et al., 2004).

1.2 COMPORTAMENTO SEXUAL EM FEMEAS

Os comportamentos sociais sdo fundamentais para a manutencdo das
espécies e requerem dois ou mais animais com instinto e motivacdo para
permanecerem proximos (CARTER & KEVERNE, 2002). A OT é liberada durante
as interacdes sociais percebidas como positivas (para uma revisdo ver UVNAS-
MOBERG, 1998).

A sobrevivéncia das espécies depende do seu sucesso reprodutivo. Além
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da coordenacdo dos processos fisioldgicos com 0 meio, a reproducdo necessita
de varios circuitos integrados que culminam com a fertilizacdo (DEBIEC, 2007).

O sistema reprodutivo feminino € regulado pelo eixo hipotdlamo-hipéfise-
ovario. O principal regulador desse eixo € o hormonio liberador de gonadotrofinas
(GnRH), produzido pelos neurbnios da area preoptica medial e nucleo arqueado
do HPT. O GnRH é secretado dentro do sistema porta-hipofisario, onde estimula a
producdo do horménio luteinizante (LH) e do horménio foliculo estimulante (FSH).
O LH, por sua vez, estimula o ovario a secretar estrogénios (EST) e progesterona
(PROG) (RIVEST & RIVIER, 1995; FERIN, 1996).

A secrecao pulsatil e o pico de LH dependem da atividade dos neurdnios
GnRH (KALRA & KALRA, 1983). Em roedores, no periodo de metaestro-proestro,
aproximadamente 10% dos neurdonios GnRH co-expressam OTR na éarea
predptica medial. Dessa forma, a OT também pode interferir na secrecéo de LH e
na ovulacédo (CALIGIONI et al., 2007).

Embora a influéncia das gbnadas no comportamento sexual tem sido
empiricamente conhecida por centenas de anos, experimentos realizados no
inicio do século XX, sugerem a existéncia de fatores humorais que regulam nao
s6 o comportamento sexual, mas também as caracteristicas morfolégicas que
definem género (ANTUNES et al.,, 2010). Em ratas, o comportamento sexual
depende significativamente das flutuacbes hormonais do EST (ANTUNES et al.,
2010), da PROG (ANTUNES et al.,, 2010) e da OT (WITT, 1995). Injecbes
intracerebroventriculares de OT, em fémeas ovarectomizadas, tratadas com
EST/PROG aumentam a frequéncia e a duracdo de lordoses (ARLETTI &
BERTOLINI, 1985). A frequéncia de lordoses também aumenta quando EST/OT

(CALDWELL et al., 1986) ou PROG/OT (GORZALKA & LESTER, 1987) sé&o
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administrados separadamente.

A inducdo do comportamento sexual em fémeas € mediada principalmente
pela area predptica medial e ventromedial do HPT (KOW & PFAFF, 1998). A
ocorréncia do comportamento sexual feminino requer a acdo do EST no cérebro e
a inducao de OTR no HPT ventromedial (BALE & DORSA, 1995). De fato, o acido
ribonucléico mensageiro (RNAm) para OTR esta presente desde a regido rostral
até a parte caudal do HPT ventromedial de fémeas, sendo que a expressao do
OTR aumenta na divisdo ventrolateral em resposta ao EST e a PROG
(OSTROWSKI, 1998).

Em fémeas, o tempo dispensado nos comportamentos sociais pode ser
alterado pela fase do ciclo estral. Em ratas, a fase de proestro tem a duracéo
aproximada de doze horas e culmina com maior interagdo social (FRYE &
RHODES, 2008). O comportamento sexual das fémeas ocorre
predominantemente na noite do proestro, que perdura por aproximadamente 18
horas (ANTUNES et al., 2010) e caracteriza-se pela presenca de muitas células
epiteliais nucleadas e poucos leucécitos no muco vaginal (NELSON, 2005).

O comportamento sexual em fémeas tem dois principais componentes que
sdo a proceptividade e a receptividade (ANTUNES et al., 2010). Nos
componentes proceptivos inclui-se a investigacdo das genitais do macho,
pequenas corridas/pulos dentro da caixa, vocalizacdes, exposicdo de partes do
corpo e contatos fisicos efémeros (EDWARDS, 1970).

O componente receptivo mais importante do comportamento sexual € o
reflexo de lordose que corresponde a postura assumida pela fémea no momento
da copula. A postura de receptividade € caracterizada pela flexdo dorsal da

coluna vertebral em resposta a monta realizada pelo macho. Na auséncia de
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lordose a intromissdo peniana e a ejaculacdo ndo sdo possiveis, demonstrando a
importancia deste comportamento para o sucesso reprodutivo (NELSON, 2005;

BONTHUIS et al., 2010).

1.3 OCITOCINA E COMPORTAMENTO SEXUAL

A OT possui importante papel nas interagbes sociais, tanto no
comportamento sexual (ARLETTI & BERTOLINI, 1985), como no comportamento
maternal (CONSIGLIO & LUCION, 1996; GIOVENARDI et al., 1998; BARTELS &
ZEKI, 2004) e no comportamento agressivo maternal (ENGELMANN et al., 2000;
AMICO et al.,, 2004; CARTER, 2005) e no comportamento de autolimpeza
(grooming) (DRAGO et al., 1986). Wallner e colaboradores (2006) descreveram
liberacdo plasmatica de OT durante encontros sociais, sexuais ou ndo, em ratos
machos e fémeas. Engelmann et al. (2000) sugere que a OT também pode ser
liberada durante a escolha e a formacgéo de pares sexuais.

A OT facilita a motivacdo social e o comportamento de aproximacéo e,
também, parece ser fundamental em processos de memoria social na
discriminacdo de individuos familiares ou ndo (LIM & YOUNG, 2006). A
capacidade de reconhecimento social consiste em pré-requisito para varios tipos
de comportamentos sociais, pois estabelece as ligacdes sociais e as hierarquias
dentro de um grupo (CHOLERIS et al., 2004). A formacéo de pares sociais e 0s
comportamentos reprodutivos também dependem da capacidade de reconhecer
individuos familiares e ndo familiares dentro da mesma espécie (para revisao,
FERGUSON et al., 2002).

O processo reprodutivo € dependente do papel da OT e da AVP (DEBIEC,

2007). A OT representa um importante indutor do comportamento sexual, da
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excitagdo e do orgasmo (CARMICHAEL et al., 1987). Em ratos machos, a injecado
central de OT no HPC ou no PVN pode provocar o mecanismo da erecao peniana
(GIMPL & FARENHOLZ, 2001). Em machos de varias espécies, a liberagdo
sistémica de OT pode estar envolvida na ejaculacdo agindo no musculo liso do
sistema reprodutivo e regulando a espermatogénese em ratos (CUNNINGHAM &
SAWCHENKO, 1991; GIMPL & FARENHOLZ, 2001). Além disso, altas
concentracbes de OT foram encontradas no liquido-cérebro-espinhal de machos
apos a ejaculacdo (SABATIER, 2006). Nishitani e colaboradores (2004)
mostraram que neurdnios ocitocinérgicos no PVN de ratos machos sexualmente
experientes sdo ativados ap0s a exposicao desses animais aos odores de uma
fémea em estro.

A administracdo de um antagonista da OT causa reducdo nos
componentes receptivos e proceptivos do comportamento sexual de fémeas
(WITT & INSEL, 1991; CALDWELL, 1992). Para Pedersen & Boccia (2006) a OT
e AVP exercem efeitos opostos sobre o comportamento sexual de fémeas. Ambos
os efeitos antagdnicos estéo relacionados com a area preoptica medial, sugerindo
gue as interacdes entre OT e AVP possam contribuir para a regulacdo do
comportamento sexual em fémeas (CALDWELL, 1992).

Em camundongos, a delecdo do gene da OT (OTKO), além de cessar a
transcricdo de OT, diminuiu a transcricdo do gene da AVP no PVN e no SON
(YOUNG et al., 1996; OZAKI et al., 2004). No entanto, a reposicdo do gene da OT
restaura a expressdo do gene da AVP (YOUNG et al., 1998). Camundongos
machos OTKO apresentam reducdo da concentracdo plasmatica basal de AVP
(LAZZARI et al., 2013), ja fémeas OTKO nédo apresentam diferencas nas

concentracfes plasmaticas basais de AVP quando comparadas ao grupo controle
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(WT) (BECKER et al., 2013).

Em camundongos, o papel da OT na fungdo gonadal estd implicado na
capacidade de estimular a ovulagdo (ROBINSON & EVANS, 1990). Uma das
metodologias utilizadas para avaliar alteragbes na ovulacdo € a contagem de
o0citos, uma vez que roedores, com ciclo estral regular, apresentam um namero
de odcitos entre 10 e 14 a cada ciclo (GOMEZ et al.,1999). Em fémeas OTKO ha
uma reducédo do numero de odécitos presentes nos ovidutos na manha do estro.
No entanto, essas fémeas aumentam a densidade de espinhos dendriticos
proximais na amigdala medial pdstero-dorsal na fase de proestro (BECKER et al.,
2013). Os resultados de Becker et al., (2013) mostram que a OT modula o
comportamento sexual de camundongos, pois em fémeas OTKO ha diminui¢cao
significativa na frequéncia, laténcia, duracdo e quociente de lordose em relacéo

ao grupo WT.

1.4 ESTRUTURAS DO SISTEMA NERVOSO ENVOLVIDAS NO
COMPORTAMENTO SEXUAL

Compreender os mecanismos moleculares envolvidos na regulacédo de
vias de sinalizacdo no sistema nervoso central (SNC) tem sido a base de
muitos estudos comportamentais em Neurociéncias. Muitas estruturas séo
responsaveis pelo surgimento e/ou manutencdo dos comportamentos, entre
elas, ganham destaque: BO, cértex pré-frontal (CPF), HPC, estriado, amigdala

medial e area predptica medial (DE MOURA et al., 2014).
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1.4.1 Circuitos neurobiolégicos do comportamento sexual

Diversos estudos realizados em mamiferos demonstram que ha uma
organizacdo neuroanatdomica especifica para a copula (KOW et al., 2007;
WUNSCH, 2014). Os principais circuitos neurobioldgicos do comportamento

reprodutivo de roedores fémeas estao esquematizados na Figura 1.
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Figura 1. Diagrama simplificado dos circuitos neurobiologicos do reflexo de
lordose em mamiferos do sexo feminino. Diagrama adaptado de: Agmo A.
Functional and dysfunctional sexual behavior. Elsevier, 2007.

Podemos observar que o comportamento sexual, exige uma circuitaria

neural organizada em uma sequéncia de eventos:

1) Odores, especialmente feroménios, permitem a troca de sinais

sexuais entre parceiros potenciais;

2) Circuitos olfatorios (setas em vermelho) tornam possivel o
reconhecimento do parceiro do sexo oposto e provocam a excitacdo sexual,

gue por sua vez, induz a lubrificacdo vaginal, montagem e copula;
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3) Quando o macho monta a fémea, estimulos tateis do macho

desencadeiam o reflexo do comportamento de lordose na fémea;

4) Os circuitos de lordose (setas em laranja) provocam o arqueamento
ventral da espinha, que eleva os quadris, facilitando assim a penetracao pelo

macho;

5) O contato tatil entre o 6rgdo copulador masculino e a area genital
feminina, aciona os movimentos reflexos de pelve do macho (movimentos
pélvicos), em seguida, intromissdo. Depois de intromissdo, 0os movimentos

pélvicos desencadeiam o reflexo da ejaculacao;

6) A estimulacdo tatil do clitéris (e do 6rgdo copulador masculino),

durante a copula, sao transmitidos para o cérebro (setas em azul);

7) A ativacdo do sistema de recompensa induz aprendizagem que

otimiza a copula (em particular pelo desenvolvimento da motivacao sexual).

Além disso, sinais auditivos e visuais, percebidos durante a copula,
podem ser condicionados pelos estimulos sexuais, otimizando o0s sinais

feromonais inatos (KOW et al., 2007).

1.4.2 Bulbo olfatério

O sistema olfatério se diferencia anatomicamente em dois sistemas
distintos, que diferem quanto a natureza da informacdo processada. O sistema
olfatério principal integra informacdes advindas do epitélio olfatério, que seguem
para o BO principal que, por sua vez, se projeta diretamente para as porcdes

postero-lateral e anterior do nucleo cortical da amigdala, area de transicdo pos-
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piriforme e area amigdalo-piriforme, e indiretamente para ndcleo posterior da
amigdala, porcéo posterior do nucleo basolateral, accumbens e HPC, entre outras
(SWANSON & PETROVICH, 1998).

O sistema olfatorio acessoério € composto pelo érgdo vomeronasal, BO
acessorio e suas projecdes (a) diretas para estruturas como o nucleo medial da
amigdala e regido postero-medial do nucleo cortical da amigdala, e (b) indiretas
para amigdala posterior, HPT medial, subculum ventral, insula agranular e por¢éo
medial do cortex pré-frontal (DE OLMOS et al., 1978; SWANSON & PETROVICH,
1998; MONCHO-BOGANI et al., 2002). Entre as estruturas do sistema olfatorio
acessorio, apenas o0 nucleo posterior da amigdala ndo esta envolvido diretamente
no processamento de informagcbes provenientes do o6rgdo vomeronasal,
diferentemente, o nucleo medial da amigdala parece estar fortemente envolvido
no processamento de informacdes oriundas dessa estrutura (DE OLMOS et al.,
1978; CANTERAS et al., 1995; SWANSON & PETROVICH, 1998; MONCHO-
BOGANI et al., 2002; MEREDITH & WESTBERRY, 2004).

Dentro de uma mesma espécie, a formacdo de pares sociais e 0s
comportamentos reprodutivos, também dependem da capacidade de reconhecer
individuos familiares ou nao-familiares (para revisdo FERGUSON et al., 2002).
Em roedores, o BO principal e o acessorio sdo ativados nos encontros sociais e
sdo cruciais para este reconhecimento. O BO principal é responsavel por
discriminar uma grande variedade de odores presentes no ambiente, gerando
assim, diversos comportamentos (DE OLMOS et al.,, 2004), dentre eles o
comportamento sexual. O BO acessorio por sua vez, detecta uma faixa menor de
odores, como ferombnios, transmitindo a informacdo para iniciar um

comportamento especifico ou respostas enddcrinas (DE OLMOS et al., 2004).
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1.4.3 Hipotadlamo

O HPT é uma estrutura do SNC que possui destaque no comportamento
sexual de roedores. O comportamento de lordose depende da acdo dos
esteroides sexuais, bem como da ativagdo de uma circuitaria neural a qual
envolve o HPT. Esta regido é responsavel por adicionar o componente enddcrino
a esse mecanismo comportamental, uma vez que os efeitos dos hormoénios
sexuais nas propriedades eletrofisiolégicas dos neurdnios, a transcricdo do RNAm
e a sintese de novas proteinas e estruturas, sao primariamente mediados pelo
HPT (PFAFF & SCHWARTZ-GIBLIN, 1988).

A area pré-optica medial inibe tonicamente o comportamento sexual, pois
guando destruida facilita o comportamento de lordose. Por outro lado, a
destruicdo do HPT ventromedial inibiu a resposta de lordose (ANTUNES et al.,
2010).

Tem sido demonstrado que a lesdo seletiva dos corpos celulares do HPT
anterior altera a proceptividade sem afetar a receptividade sexual (ANTUNES et
al., 2010). Entretanto, outro estudo que realizou leséo eletrolitica do HPT anterior

promoveu a extin¢cdo da lordose (ANTUNES et al., 2010).

1.4.4 Coértex pré-frontal

De acordo com Stuss & Benson (1984), o lobo frontal designa a parte mais
anterior dos dois hemisférios cerebrais e, pode ser dividido em trés areas
principais: dorsolateral, medial e basilar-orbital. Estdo descritas também as
seguintes areas funcionais: area motora-primaria (area 4), pré-motora (area 6 e

parte posterior da area 8), area de Broca (areas 44 e 45), campo ocular frontal
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(area 8) e o CPF.

O CPF é responsavel pela inibicdo de impulsos e pela gestdo de grande
parte dos comportamentos que constituem as respostas emocionais, tais como o
comportamento sexual, alimentar, motor e o sono. Os impulsos ou instintos
operam de forma direta ou indireta, de forma consciente ou ndo, sobre a geracao
de comportamentos ou inducdo de estados fisiolégicos que contribuem para a
sobrevivéncia do organismo (DAMASIO, 1996; DAMASIO, 2000; MILLER &
COHEN, 2001).

Segundo Fuster (2001), o CPF néao se encontra envolvido exclusivamente
em processos cognitivos, porque a regiao orbito-frontal esta relacionada com
aspectos emocionais do comportamento e do controle inibitério, ja a area medial
tem implicagdes no aspecto motivacional e da iniciativa do comportamento. O
CPF medial € uma regido do cérebro envolvida na tomada de decisbes, na
flexibilidade comportamental, além de ser mediador potencial de inibicdo
comportamental.

Em estudo, Davis et al. (2010), testaram o papel do CPF medial na inibicao
do comportamento sexual quando associada a resultados aversivos. Usando um
paradigma experimental em ratos, os pesquisadores descobriram que as lesdes
do CPF medial resultam em um comportamento sexual compulsivo. Em contraste,
as lesBes nado alteraram o desempenho sexual ou 0 aprendizado associada com
recompensa ou estimulos aversivos. Isto indica que a funcado intacta do CPF
medial ndo € necessaria para a expressao normal do comportamento sexual. Os
resultados desse estudo apoiam a hipétese de que o CPF medial regula a
execucao de inibicdo comportamental em relacdo ao comportamento sexual uma

vez que este comportamento esta associado a resultados aversivos.
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Animais com lesbes no CPF medial provavelmente seriam capazes de
formar associacdes com resultados aversivos do seu comportamento, mas
incapazes de suprimir a busca de recompensa sexual em face de consequéncias
aversivas. Coletivamente, estes dados sugerem um papel geral de CPF medial na

regulacdo da busca compulsiva de recompensa (DAVIS et al., 2010).

1.4.5 Hipocampo

Estudos em roedores, envolvendo a inducdo de danos seletivos e a
expressao de genes, possibilitaram a inclusédo de outras regides no circuito neural
envolvidos na memoria de reconhecimento social; entre elas a regido
retrohipocampal (BANNERMAN et al. 2002), HPC (SQUIRES et al., 2006), as
fibras da via perfurante (LEMAIRE et al., 1994), septo medial (FOURNIER et al.
1993; TERRANOVA et al., 1994) e regides frontais (cortex orbitofrontal e giro
cingulado anterior). Essas regides estao direta ou indiretamente relacionadas com
regidbes que recebem aferéncias dos bulbos olfatérios (SWANSON &
PETROVICH, 1998).

O HPC exerce importantes funcdes relacionadas ao comportamento, a
conversdo da memoria de curto prazo em memoria de longo prazo, memdria
espacial e de reconhecimento e na regulacdo da resposta ao estresse
(MACHADO, 2006). Essa regido é considerada como uma area integrada a
tomada de decisfGes e parte crucial dos sistemas neurobiolégicos das emocdes
(ESPERIDIAO-ANTONIO et al., 2008).

Hitti & Siegelbaum (2014) determinaram que a regido CA2 do HPC é
essencial para que um animal reconheca outro da mesma espécie, pois em ratos

onde essa regido foi inativada, verificou-se perda da memaria social. Além disso,
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este estudo discute que na regido hipocampal, ha elevado nivel de expressao do
receptor de AVP (AVPR), neuropeptideo relacionado com a motivagcédo sexual e

com outros comportamentos sociais.

1.4.6 Amigdala

A amigdala ou complexo amigdaléide é uma estrutura heterogénea,
constituida de diversos nucleos que podem ser classificados anatomicamente,
estruturalmente e funcionalmente (SWANSON & PETROVICH, 1998).

Em roedores, o nucleo medial da amigdala vem sendo associado ao
comportamento maternal (SHEEHAN et al., 2001), comportamento sexual
(DOMINGUEZ & HULL, 2004), comportamento de dominancia (KOLLACK-
WALKER & NEWMAN, 1995), comportamento de defesa (SAVONENKO et al.,
1999), comportamento agressivo (VOCHTELOO & KOOLHAAS, 1987) e
reconhecimento social (FERGUSON et al., 2001).

Em humanos, os estimulos que ndo podem ser percebidos
conscientemente ainda resultam na ativacdo da amigdala, levando a ideia de que
ela pode proporcionar processamento rapido e automatico, podendo influenciar na
cognicao social (ADOLPHS et al., 2009). Estudos de lesbes revelaram que o dano
a amigdala resulta em uma diminui¢do da capacidade do individuo de reconhecer
expressoes faciais. Sendo assim, a literatura aponta o envolvimento da amigdala

no processamento emocional tanto apetitivo como aversivo (AGGLETON, 2000).

1.4.7 Nducleo accumbens

O nucleo accumbens esta localizado na porcdo ventral do estriado. O
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nacleo accumbens recebe projecfes de neurbnios dopaminérgicos localizados na
area tegmental ventral, local de convergéncia para estimulos procedentes da
amigdala, HPC, cértex entorrinal, giro do cingulo anterior e parte do lobo
temporal. Do nucleo accumbens partem eferéncias para o septo hipocampal,
HPT, area cingulada anterior e lobos frontais. Devido as suas conexdes aferentes
e eferentes o nucleo accumbens desempenha importante papel na regulacédo da
atribuicdo de saliéncia (relevancia) das emocdes, da motivagcdo e da cognicéo
(FERNANDEZ-ESPEJO, 2000).

O nucleo accumbens é considerado uma interfase neural entre a motivacao
e acado motora, e participa de modo decisivo na alimentacdo, conduta sexual,
resposta ao estresse (BEEN et al., 2013).

N&o existem evidéncias claras sobre o papel do nucleo accumbens no
controle do comportamento sexual de fémeas. Entretanto, a lesdo aumenta a
rejeicdo da fémea em relagcédo as tentativas de montas dos machos, porém sem

modificar a lordose (RIVAS & MIR, 1991).

1.5 NEUROTRANSMISSORES E HORMONIOS ENVOLVIDOS NO
COMPORTAMENTO SEXUAL

Antunes et al. (2010) afirma que o comportamento sexual € resultado de
uma complexa interacdo entre neurotransmissores, enzimas, horménios e outras
proteinas, que em sequéncia harmoniosa expressam a habilidade do

acasalamento.
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1.5.1 Vasopressina

Em mamiferos, varias regiées do SNC, como &rea septal lateral, HPC, area
amigdalo-estriatal, nicleo da base da estria terminal e regifes do HPT expressam
receptores para AVP (RUSCIO et al., 2007; CALDWELL et al., 2008) e OT
(TRIBOLLET et al.,, 1992) que determinam diversos comportamentos. A AVP
participa da modulagcdo de comportamentos como agressao, agressao em
lactantes, memoria social, reconhecimento de odores e a preferéncia na escolha
de parceiros (FERGUSON et al., 2002; CALDWELL et al., 2008; CLIPPERTON-
ALLEN et al., 2012).

Em fémeas a expressdo de AVP no encéfalo € menor do que em machos
(DE VRIES, 2008). A administragéo central de AVP inibe o comportamento sexual
de fémeas expostas a um macho sexualmente ativo (PEDERSEN & BOCCIA,
2006) e a administracdo central de um antagonista do AVPR;, estimula a
receptividade sexual (CALDWELL et al.,, 2008). Evidéncias sugerem que 0S
efeitos comportamentais sexuais sdo mediados principalmente pelo AVPR;, em

circuitos especificos do SNC (KIM et al., 2002).

1.5.2 Estrogénios

Os dUltimos anos foram marcados pelo avanco no conhecimento da
neurofisiologia, principalmente no que tange ao impacto dos esteroides sexuais
sobre o0 SNC. Os esteroides sexuais podem influenciar neurénios ocitocinérgicos
e vasopressinérgicos, modulando o sistema hipotdlamo-neuro-hipofisario
(SOMPONPUN & SLADEK, 2003; SUZUKI & HANDA, 2005). Em mamiferos

observa-se que a alta concentracdo de OT e do OTR, coincide com a alta
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concentracdo de estradiol plasmatico (MITCHELL et al., 1997).

O trabalho publicado por Shepherd (2001) avaliou criticamente a literatura
referente ao impacto dos EST sobre as fungbes cerebrais, pontuando que tal acédo
€ mediada por receptores localizados nos neurbnios e, provavelmente, na
membrana neuronal. Os receptores de EST podem ser classificados em alfa (a)
(ERa) e beta (B) (ERB) e, o grau de expressdo destes pode determinar a
intensidade da expresséao estrogénica (TELLERIA et al., 1998). Segundo Voisin et
al., (1997) ha expressao dos ER na area predptica medial, a qual envia projecdes
para o SON, local de sintese de OT e AVP.

Os hormonios esteroides tém efeitos organizacionais que produzem
diferencas sexuais nas conexdes e fungbes do cérebro. Os esteroides sexuais
também coordenam mecanismos intrinsecos, tais como ovulagdo, assim como
extrinsecos, tal como o comportamento do animal frente a um parceiro sexual
(BECKER, 2008).

Em fémeas, os comportamentos pré-copulatérios necessitam dos EST de
trés maneiras: aumentando a disposicdo da fémea para se aproximar do macho e
induzir os comportamentos sexuais; induzindo a producéo de odores, feromoénios
e vocalizacbes que tornam a fémea mais atrativa; promove a conversao de
estrogénio para progesterona (BECKER, 2008).

Vérias regides locais do cérebro expressam ER tais como o ndcleo
arqueado, area pré-optica, nucleo ventromedial, PVN, entre outros. Estas regides
hipotalamicas s&o importantes na modulacdo dos comportamentos sexuais,

reprodutivos, alimentar e na regulacao térmica (SIMPSON & DAVIS, 2000).
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1.5.3 Dopamina

Em ratos, os esteroides sexuais modulam a atividade dopaminérgica no
corpo estriado e no nucleus accumbens (BECKER, 1999) podendo ser importante
para algumas respostas motoras durante o comportamento sexual (BECKER,
2008).

Estudos realizados em ratos, macacos e seres humanos, fornecem
evidéncias de que a dopamina (DOPA) por meio de seus diferentes sistemas
neuronais e subtipos de receptores desempenha diferentes papéis no controle do
comportamento sexual. Enquanto o sistema nigro-estriatal é importante para o
controle da coordenacédo sensorio-motora necessaria para a copula, o sistema
mesolimbico-mesocortical desempenha um papel chave na excitacdo sexual e
motivacdo (MESTON & FROHLICH, 2000).

O subtipo de receptor dopaminérgico que esta envolvido no controle do
comportamento sexual é o D,, embora estudos sugiram que ocorra uma interacao
entre os receptores D;/D,. Estudos demonstram que tratamentos que aumentam
a atividade dopaminérgica no cérebro, melhoraram parametros ligados a atividade
sexual, apoiando o papel facilitador da DOPA no comportamento sexual (MELIS &

ARGIOLAS, 1995).
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2 JUSTIFICATIVA

Muitos estudos sobre comportamento tém buscado entender o0s
mecanismos moleculares que regulam processos comportamentais basicos. A
genética e a biologia molecular tém contribuido sobremaneira na identificacéo de
genes associados a determinados comportamentos e como alteracdes genéticas
ou fatores ambientais podem interferir na expressao desses genes.

O modelo de experimentagcdo utilizando animais nocautes para um
determinado gene permite avaliar as alteracdes fisioldgicas e comportamentais
geradas a partir desta manipulacao genética (PEREIRA, 2008).

Trabalhos prévios do nosso laboratério utilizaram camundongos OTKO e
estudaram comportamento de interacdo social e sexual de machos (LAZZARI et
al., 2013) e de fémeas (BECKER et al., 2013). Estes estudos demonstraram que o
déficit de OT nao altera o comportamento sexual em machos, mas promove a
diminuicdo da performance agressiva e aumento da investigacao social no teste
de interacdo social. No entanto, em fémeas o déficit de OT promoveu a
diminuicdo da lordose e do comportamento sexual.

A partir das alteracbes observadas, tornam-se necessarios estudos que
possam esclarecer o impacto do nocauteamento do gene da OT na expresséo
génica de neurotransmissores/neuropeptideos e receptores no cérebro destes

animais, bem como o que ocorre com 0 comportamento sexual das fémeas.



OBJETIVOS
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Este estudo teve como objetivo analisar o comportamento sexual de
fémeas OTKO e o impacto deste nocauteamento na expressao dos receptores de
ocitocina, vasopressina, estrogénio a, estrogénio f e dopamina em diferentes

areas do SNC.

3.2 OBJETIVOS ESPECIFICOS

- Analisar o comportamento sexual de fémeas nocautes para o gene da
ocitocinag;

- Analisar o impacto do nocauteamento no gene da ocitocina na expressao
dos receptores de ocitocina, vasopressina, estrogénio a, estrogénio 3 e dopamina
no bulbo olfatério, hipotalamo, cortex pré-frontal, hipocampo de fémeas OTKO;

- Analisar o impacto do nocauteamento no gene da ocitocina na sintese de
vasopressina no hipotdlamo de fémeas OTKO;

- Produzir um artigo de revisdo sobre o envolvimento do sistema
vasopressinérgico em circuitos cerebrais, na plasticidade sinaptica, na evolugéo e

no papel do AVP no comportamento social.
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4 MATERIAL E METODOS

4.1 ANIMAIS

Para esse experimento foram utilizadas fémeas de camundongos da
linhagem C57BL/6J, entre 5 a 6 meses de idade e pesavam de 25 a 40g. Os
grupos de 4 a 5 animais foram mantidos em caixas de acrilico; com livre acesso a
agua e a racao; temperatura controlada (21+1°C) e ciclo claro-escuro de 12/12
horas, com inicio da fase escura as 16:00 horas. Os animais foram mantidos no
biotério da Universidade Federal de Ciéncias da Saude de Porto Alegre
(UFCSPA), em Porto Alegre, RS, Brasil.

Foram utilizados 11 animais para o grupo WT e 11 animais para 0 grupo

OTKO.

4.2 ASPECTOS ETICOS

Todos os procedimentos realizados neste trabalho obedeceram as normas
propostas pelos Principios Internacionais Orientadores para a Pesquisa
Biomédica Envolvendo Animais (Council for International Organizations of Medical
Sciences — CIOMS; GOLDIM & RAYMUNDO, 1997), Guidelines for Animal Care
and Use of Laboratory Animals of the National Institutes of Health e a Lei de
Procedimentos para o Uso Cientifico de Animais (Lei N° 11.794, 8 de outubro de
2008). Este trabalho seguiu todos os parametros indicados pelo Conselho
Nacional de Controle de Experimentacao Animal (CONCEA) e foi aprovado pela
Comissdo Etica no Uso de Animais (CEUA) da UFCSPA com parecer nimero

920/09 (ANEXO 1).
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4.3 GENOTIPAGEM

A primeira etapa dos experimentos foi a genotipagem dos animais e isto foi
feito por volta dos 30 dias de idade. Os animais foram anestesiados com ketamine
(80mg/kg) e xylazine (10mg/kg), na sequéncia, receberam um brinco de
identificacd@o e foi coletada a parte distal da cauda (1 a 3 milimetros). A amostra
biolégica foi armazenada a -20°C. Posteriormente, o DNA da amostra foi extraido
utilizando proteinase K. A deteccdo do transgene no genoma foi realizada pela
técnica de reacdo em cadeia da polimerase (PCR) utilizando oligonucleotideos
especificos e a enzima de sintese de DNA Platinum®Tag.

A separacao dos produtos da PCR foi realizada por eletroforese em gel de
agarose a 1,5%, corado com brometo de etideo e visualizada na luz ultravioleta.
Através da observacdo da migracdo das bandas, os animais foram classificados
como: WT (OT+/+), heterozigoto (OT+/-) e OTKO (OT-/-), conforme ilustra a figura

abaixo. De acordo com Young et. al. (1996).
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R ptect]

180ph/ 480pb
180ph 480pb

Figura 2. Gel de agarose (1,5%) mostrando os produtos da PCR utilizados para
classificar os animais em WT (180pb/180pb), heterozigoto (180pb/480pb) e OTKO
(480pb/480pb).

4.4 CICLO ESTRAL

Para a realizacdo do comportamento sexual das fémeas, a regularidade do
ciclo estral foi averiguada através do monitoramento diario durante quinze dias, no
periodo matutino, através da técnica de esfregaco vaginal (SHORR, 1941). A
secrecdo vaginal foi coletada através do lavado com 10ul de solugao salina
utilizando uma pipeta de plastico. Apds isso o material foi colocado em uma
[amina e analisado no microscopio o6ptico. As fases do ciclo estral foram
classificadas em: diestro (muitos leucécitos e poucas células nucleadas), proestro
(predominancia de células nucleadas), estro (predominancia de células
cornificadas) ou metaestro (mesma proporcéo de leucécitos, células cornificadas

e células nucleadas) (MARCONDES, 2002).
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45 TESTE DO COMPORTAMENTO SEXUAL

O teste do comportamento sexual da fémea foi realizado na noite do
proestro, no minimo uma hora apés o inicio do ciclo escuro. Inicialmente, o macho
sexualmente experiente foi colocado na caixa de observacdo por um periodo de
10 minutos para sua adaptacdo ao novo ambiente. Apds esse intervalo, a fémea
foi colocada juntamente com o macho na caixa de observacéo, a seguir, durante
15 minutos, foi iniciada a sessao de registro do comportamento sexual. ApGs cada
registro comportamental a maravalha da caixa foi trocada (JYOTIKA et al., 2007).

Os parametros comportamentais analisados quanto a receptividade da
fémea foram: frequéncia de lordose (niUmero de vezes que fémea eleva a parte
traseira do dorso ap0s o comportamento de monta realizado pelo macho);
duracéo de lordose; laténcia de lordose; frequéncia de montas (niUmero de vezes
gue o macho coloca as patas dianteiras nos flancos da fémea). O quociente de
lordose (LQ) foi calculado através da férmula: LQ= (pontuacédo total/ nUmero de
montas X 100) (JYOTIKA et al.,, 2007). Quando a fémea fugia da monta ela
recebeu pontuacdo igual a zero (0); quando aceitou a monta, porém n&o
apresentou lordose, recebeu pontuacdo um (1) e quando apresentou lordose
recebeu pontuacdo dois (2). A pontuacdo total da fémea foi utilizada para o
célculo do quociente de lordose (JYOTIKA et al., 2007).

Os parametros comportamentais analisados quanto a nao receptividade da
fémea foram: movimentos executados pelas fémeas com o objetivo de evitar a
monta do macho tais como, abaixar-se, girar o corpo, fugir ou ficar sob duas
patas. Também foi averiguado o tempo do deslocamento das fémeas no interior

da caixa.

Os registros comportamentais descritos foram realizados por meio de
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flmagem digital e analisados com o auxilio do programa para andlise de

comportamentos Noldus Observer (Noldus Information Technology, Holanda).

4.6 COLETA DE MATERIAL BIOLOGICO

Na manh& seguinte do registro comportamental foi realizada a coleta do
material bioldgico a partir da decapitacdo das fémeas em sala silenciosa e no
ciclo claro. Todo procedimento de coleta foi realizado em gelo e utilizando
material estéril. ApGs a retirada do encéfalo foram isolados: BO, HPT, CPF e
HPC.

As amostras do hemisfério esquerdo foram armazenadas em tubos de
1,5mL contendo RNA Later (Ambion) (1:1, v/v) durante 24 horas a 4°C.
Transcorrido esse periodo, o RNA Later foi removido e o tecido armazenado a
-80°C até a extracdo de RNA e sintese de DNA complementar (cDNA) (MOURA

et al. 2014).

4.7 EXTRACAO DE RNA

O RNA foi extraido do BO (n=6-8), HPT (n=6-8), CPF (n=5-8) e HPC (n=4-
11) utilizando o reagente Trizol (Invitrogen, Sado Paulo, Brasil), de acordo com as
instrucdes do fabricante.

O tecido foi homogeneizado em 1mL de Trizol. As amostras foram
adicionados 200uL de cloroférmio (1:5 em relacéo ao volume inicial de Trizol). Em
seguida, as amostras foram agitadas e centrifugadas durante 15 minutos, a
12000xg, a 4°C. A fase aquosa foi transferida para um novo tubo e o RNA foi

precipitado através da adicdo de isopropanol (1:1 do volume da fase aquosa
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obtida); as amostras foram entdo agitadas por 15 segundos. Apos, as amostras
foram centrifugadas a 12000xg, por 10 minutos, a 4°C; o pellet contendo RNA foi
lavado em etanol 75%, seco e ressuspendido em 50uL de &gua tratada com 0,1%
de dietilpirocarbonato (DEPC). O conteddo de RNA de cada amostra foi
guantificado por espectrofotometria e, em seguida, o material foi armazenado a
-80°C ou imediatamente utilizado nas reagbes de RT-PCR (LANGNAESE et al.

2008).

4.8 REACAO EM CADEIA DA POLIMERASE (RT-PCR)

Os cDNAs foram sintetizados por transcricdo reversa seguida de reacao
em cadeia da polimerase (RT-PCR), de acordo com o protocolo recomendado
pelo fabricante da M-MLV Reverse Transcriptase (Invitrogen, Sao Paulo, Brasil).
Cada reacao de sintese da primeira fita de cDNA, contendo 1ug de RNA total,
1pL de oligo(dt)(0,5ug/uL), 1uL de 10mM dNTPs e agua tratada com DEPC para
um volume final de 12pL, foi incubada a 65°C por 5 minutos e, apés, mantida em
gelo por pelo menos um minuto. Em seguida, foram adicionados os seguintes
componentes para volume final de 19uL: 4uL do tampéo da enzima, 2uL de 0,1M
DTT, 1uL de RNaseOUT (Invitrogen, Sao Paulo, Brasil). Apés incubacdo a 37°C
por 2 minutos, foi adicionado 1uL (200 unidades) de M-MLV-RT e entdo a sintese
da primeira fita de cDNA ocorreu a 50°C por 1 hora e, em seguida, a reacao foi
incubada a 70°C por 15 minutos.

Os primers utilizados para a amplificacdo dos fragmentos de cDNA
especificos para os receptores de OT (OTR), AVP (AVPR1,), DOPA (DOPARpy)
EST (ERa e ERp), foram desenhados com base na sequéncia nucleotidica do

RNAmM para cada receptor, obtida do Gen Bank. A especificidade dos primers foi
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verificada usando a ferramenta de busca Basic Local Alignment Search Tool
(BLAST) para colecao de nucleotideos (nr) do banco de dados do National Center
for Biotechnology Information (NCBI). A sequéncia de primers usados para 0s
receptores de interesse (OTR, AVPR1,, DOPARp,, ERa e ER[B) estdo descritas na
Tabela 1 e a sequéncia de primers usados como genes referéncia (DE MOURA et
al., 2014) estéo descritos na Tabela 2.

A amplificagédo dos genes OTR, DOPARp;, ERa e ERB, bem como para os
genes de referéncia, foi realizada usando 7,5uL de SYBR®green polymerase
chain reaction (PCR) mastermix (Applied Biosystems, Sdo Paulo, Brasil), 0,5uL de
primers forward e reverse (0,33uM cada), 100ng de cDNA e agua livre de
nuclease, em um volume total de 15uL.

Sondas Taq Man® foram utilizadas para a amplificacdo do gene do AVPR1,
e para os genes de referéncia deste receptor. Este protocolo inclui, para um
volume final de 15uL de mastermix (Applied Biosystems, Sao Paulo, Brasil)
1x0,5uL de primers forward e reverse (900nM), sonda 1 (200nM) e sonda 2
(100nM) e uma concentracdo de cDNA de aproximadamente 100ng. As reacdes
foram feitas em uma placa oOptica de 96 pocos, usando um termociclador Step
One Plus™ (Applied Biosystems, Foster City, CA, USA). Ap0s 0 passo inicial de
desnaturacdo a 95°C por 10 minutos, a amplificacéo foi realizada em 50 ciclos de
desnaturacdo a 95°C por 30 segundos, com anelamento de 60°C por 40
segundos e extensdo a 72°C por 40 segundos. A amplificacdo foi seguida por
uma analise de curva de fusdo para confirmar a especificidade do produto do
PCR. Nenhum sinal foi detectado nos controles sem molde (no-template). O limiar
do ciclo (Ct) experimental foi calculado usando os algoritmos de realce fornecidos

pelo equipamento. Todas as amostras foram processadas em duplicata, e o valor
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médio de cada duplicata foi usado para todos os calculos restantes. A técnica
utilizada esta de acordo com Langnaese et al., (2008); Cook et al. (2010) e
Nelissen et al. (2010).

A expressdo génica de cada receptor foi calculada a partir da formula
24C! Este célculo transforma os dados logaritmicos de Ct em um valor linear. A
formula 2%“ descreve, de modo mais preciso, a variacdo individual entre as
reacdes de amplificacdo (CLIPPERTON et al., 2012). Consequentemente, o Norm
Finder requer a transformacéo de valores de Ct em quantidades de expressao
numa escala linear, de forma que os valores médios de Ct foram entdo

exportados para Microsoft Excel e alterados para a forma 2

, € depois as
guantidades calculadas foram colocadas no Norm Finder

(http://moma.dk/normfinder-software).

Tabela 1: Sequéncias dos primers dos receptores estudados.

RECEPTORES SEQUENCIA DO PRIMER

LEFT 5 -CGATTG CTG GGC GGT CTT CA-3
OCITOCINA

RIGHT |5 -CCGCCGCTG CCG TCT TGA G-3’

LEFT 5 —-TGG TCC GTG ATT GAA AAC CCA- 3
VASOPRESSINA 5

RIGHT |5 —CCTTCT GTC TGT TGG TGA GCA- 3

3 LEFT 5 - CAAGAA CGT TGT GCC CCT CT- 3
ESTROGENO «a

RIGHT 5 - TGT AAG GAATGT GCT GAA GTG GA- 3

3 LEFT 5 -GGG ACATGT ACC CTAGCATCG-3
ESTROGENO B

RIGHT 5 - TGG AAA GTA CAA CGA GAG CCT-3’

LEFT 5 - CTC AGG AGC TGG AAATGG AG- 3
DOPAMINA p>

RIGHT 5 -CATGCCCATTCTTTT CTG GT-3’



http://moma.dk/normfinder-software
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Tabela 2: Sequéncias dos primers dos genes de referéncia (genes constitutivos).

GENES DE SEQUENCIA DO PRIMER
REFERENCIA
LEFT |5 - TAT GCC AAC ACA GTG CTG TCT GG- 3’
B-ACTINA
RIGHT |5 - TAC TCC TGC TTG CTG ATC CAC AT- 3’
LEFT |5 - TAT CTG CAC TGG CAA GAC TGA GTG- 3’
CICLOFILINA A
RIGHT |5 -CTT CTT GCT GGT CTT GCC ATT CC- 3’

4.9 ANALISE ESTATISTICA

Os dados do registro comportamental, expressdo génica e sintese de

MRNA foram expressos pela média e erro padrdo da média (xEPM). Foram

comparados entre WT e OTKO por teste de Mann-Whitney, pois os dados de

todos os parametros ndo apresentaram uma distribuicdo normal. O nivel de

significancia aceito foi de P<0,05.
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5 RESULTADOS

A tabela 3 mostra os resultados do comportamento sexual de
camundongos fémeas WT e OTKO. O grupo OTKO apresentou aumento
significativo da laténcia (P=0,001) e diminuicdo significativa da frequéncia
(P=0,002) e da duracéo (P=0,002) do comportamento sexual quando comparado
a fémeas WT. Em relacdo as posturas nao receptivas, fémeas OTKO
apresentaram diminuicdo significativa da laténcia (P=0,001) e aumento
significativo da frequéncia (P=0,001) e da duracdo destas posturas (P=0,001),

guando comparadas ao grupo WT.

Tabela 3: Comportamento sexual de camundongos fémeas.

Parametros
Comportamentais WT OTKO P
(n=11) (n=11)
Frequéncia das montas 23,3+3,0 145143 0,07
Laténcia da lordose (s) 490,8 + 113,8 841,9 £ 53,9 0,01 *
Frequéncia da lordose 6,2+2,3 05+0,4 0,02 *
Duracéo dalordose (s) 49,2 +19,9 71+7,0 0,02 *
Quociente de lordose 30,0+11,6 28+2,6 0,02 *
Laténcia posturas ndo receptivas (s) 73,69+ 11,36 25,77 £8,72 0,01 *
Frequéncia posturas néo receptivas 9,53 + 3,66 35,62 +12,14 0,01 *
Duracédo posturas nao receptivas (s) 39,69 + 13,57 134,90 + 40,43 0,01 *

Os dados foram expressos por média [tEPM]. Mann-Whitney (Teste U de Mann-
Whitney). * diferenca em relacéo ao grupo WT.
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A tabela 4 apresenta os dados referentes a locomogédo das fémeas.
Podemos observar que nédo houve diferenca significativa na locomoc¢ao entre os
grupos estudados nos parametros laténcia (s) (WT: 4,46+x1,56 — OTKO:
4,53+1,45; P=0,957), frequéncia (WT: 37,23+10,20 — OTKO: 30,77+9,02;

P=0,129) e duracio (s) (WT: 545,10+168,90 — OTKO: 591,50+116,00; P=0,521).

Tabela 4: Locomogdo em camundongos fémeas.

Parametros WT OTKO P
de locomocgéo (n=11) (n=11)
Laténcia (s) 4,46 + 1,56 4,53 +1,45 0,957
Frequéncia 37,23 £10,20 30,77 £ 9,02 0,129
Duracéo (s) 545,10 £ 168,90 591,50 £ 116,0 0,521

Os dados foram expressos por média [tEPM]. Mann-Whitney (Teste U de Mann-
Whitney). * diferenca em relacéo ao grupo WT.

A figura 3 apresenta os resultados da expressdo génica do OTR em
diferentes areas do SNC de camundongos fémeas. Podemos observar que
fémeas OTKO apresentaram diminuicdo significativa da expressédo génica deste
receptor no HPC (p=0,05) em relacdo ao grupo WT. Nas demais estruturas, BO
(p=0,382), HPT (p=0,730) e CPF (p=0,536), ndo foram encontradas diferencas

significativas entre os grupos estudados.
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RECEPTOR DE OCITOCINA

BULBO OLFATORIO HIPOTALAMO

RNAmM OTR
E
RNAmM OTR
~

. 1

WT OTKO WT OTKO

CORTEX PRE-FRONTAL HIPOCAMPO

RNAmM OTR
RNAmM OTR

*

WT OTKO WT OTKO

] Grupo controle (WT)
Bl Grupo nocaute (OTKO)

Figura 3. Quantificacdo relativa da expressédo génica do receptor de ocitocina no
sistema nervoso central de fémeas controle (WT, n=7-8) e nocaute para o gene
da OT (OTKO, n=6-10). Os dados foram expressos por média [tEPM]. Mann-
Whitney (Teste U de Mann-Whitney). * diferenca em relacao ao grupo WT.

A figura 4 apresenta a analise da expressdo génica do AVPR;, em
diferentes areas do SNC de camundongos fémeas e mostra que fémeas OTKO
apresentaram diminuicao significativa da expresséo génica deste receptor no HPT
(P=0,017), e aumento no HPC (P=0,008) quando comparadas ao grupo WT. N&o
foram encontradas diferencas significativas no CPF (P=0,150) e no BO (P=0,390)

entre os grupos WT e OTKO.
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RECEPTOR DE VASOPRESSINA

BULBO OLFATORIO HIPOTALAMO

[N}
1

[N

RNAmM AVPR1aA
RNAmM AVPR1A

wT OTKO wT OTKO

CORTEX PRE-FRONTAL HIPOCAMPO

IN
1

RNAmM AVPR1A
RNAmM AVPR1A

14 . 2
—
—1
0 T 0 T
wT O0TKO wT 0TKO

] Grupo controle (WT)
I Grupo nocaute (OTKO)

Figura 4. Quantificacdo relativa da expressao génica do receptor de vasopressina
no sistema nervoso central de fémeas controle (WT, n=5-11) e nocaute para o
gene da OT (OTKO, n=7-11). Os dados foram expressos por média [tEPM].
Mann-Whitney (Teste U de Mann-Whitney).* diferenca em relacdo ao grupo WT.

A figura 5 apresenta a analise da expresséo génica do receptor do ERa em
diferentes areas do SNC de camundongos fémeas. E possivel observar que
fémeas OTKO apresentaram diminui¢do significativa da expressédo génica deste
receptor no CPF (P=0,026) quando comparadas ao WT. Entretanto, ndo foram

encontradas diferencas significativas entre os grupos estudados no HPT

(P=0,600), BO (P=0,730) e HPC (P=0,359).
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Figura 5. Quantificacéo relativa da expressao génica do receptor estrégeno a no
sistema nervoso central de fémeas controle (WT, n=7-8) e nocaute para o gene
da OT (OTKO, n=6-10). Os dados foram expressos por média [tEPM]. Mann-
Whitney (Teste U de Mann-Whitney). * diferenca em relacéo ao grupo WT.

A figura 6 mostra que fémeas OTKO apresentaram diminuicdo significativa
da expressao génica do ERB apenas no CPF (P=0,020) quando comparadas ao

controle. Porém, ndo foram encontradas diferencas significativas entre os grupos

estudados no BO (P=0,662), HPT (P=0,612) e HPC (P=0,896).
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Figura 6. Quantificacéo relativa da expressao génica do receptor de estrégeno 3
no sistema nervoso central de fémeas controle (WT, n=7-8) e nocaute para o
gene da OT (OTKO, n=6-10). Os dados foram expressos por média [tEPM].
Mann-Whitney (Teste U de Mann-Whitney). * diferenca em relacdo ao grupo WT.

A figura 7 mostra que ndo ha diferenca significativa na expressdo génica do
DOPARp,; em nenhuma das estruturas estudadas [BO (P=0,328), HPT (P=0,778),

CPF (P=0,179) e HPC (P=0,516)] quando comparamos os grupos WT e OTKO.
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Figura 7. Quantificacdo relativa da expresséo génica do receptor de dopamina no
sistema nervoso central de fémeas controle (WT, n= 6-8) e nocaute para o gene
da OT (OTKO, n=6-10). Os dados foram expressos por média [tEPM]. Mann-
Whitney (Teste U de Mann-Whitney).* diferenca em relacdo ao grupo WT.

A figura 8 demonstra que o0 nocauteamento no gene da ocitocina nao

promoveu diferenca significativa (P=0,748) na sintese de RNAmM de AVP no HPT

de fémeas OTKO quando comparamos os grupos WT.
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Figura 8. Quantificagdo relativa da sintese de RNAm de vasopressina no
hipotalamo de fémeas controle (WT, n=8) e nocaute para o gene da OT (OTKO,
n=8). Os dados foram expressos por média [tEPM]. Mann-Whitney (Teste U de
Mann-Whitney). * diferenca em relacdo ao grupo WT.
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6 DISCUSSAO

Estudos que identificam genes envolvidos no comportamento sexual de
fémeas sdo de crucial importancia, pois estes resultados sugerem caminhos
moleculares que modulam a circuitaria cerebral do comportamento reprodutivo.

Recentemente, mostrou-se que o comportamento sexual de camundongos
machos néo foi afetado pela auséncia de OT (LAZZARI et al., 2013). Por outro
lado, nossos resultados confirmam os achados de Becker et al. (2013) que
demonstraram que o nocauteamento do gene da OT diminuiu notavelmente o
comportamento sexual de camundongos fémeas. Nossos resultados também
demonstraram aumento significativo da frequéncia e duracdo das posturas néo-
receptivas do grupo OTKO quando comparado ao grupo WT.

A OT parece ser necessaria para a fémea estabelecer a preferéncia por
seu parceiro (BEAR, 2008). Em estudos com ratas, durante a sua primeira
experiéncia sexual, a administracao periférica de OT aumentou o comportamento
afiliativo (HOLLEY et al., 2015). Os comportamentos afiliativos tém sido descritos
como uma forma de manter e estabelecer a relacdo social. Este comportamento
pode estar relacionado ao repertorio de corte, de uma forma indireta, atuando
como redutor de tensdo e também como sinalizacdo de interesse pelo parceiro
(BARBOSA et al., 2010). Para Becker et al. (2013), a OT estéa significativamente
envolvida no comportamento sexual de fémeas, um modulador essencial do
comportamento de lordose. Sendo assim, nossos resultados corroboram esses
achados, pois o nocauteamento do gene da OT, além de diminuir o
comportamento sexual de fémeas, aumentou as posturas nao-receptivas quando
comparadas ao grupo WT.

Outro aspecto a ser destacado dos nossos resultados é o impacto do déficit
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de OT na expressao génica dos diferentes receptores no SNC. Em relacdo a
expressdo génica dos receptores OTR, observamos apenas uma diminuicdo no
HPC das fémeas OTKO em relacdo as fémeas WT. Em roedores, sabe-se que o
HPC é essencial para que o animal reconheca outro da mesma espécie (HITTI &
SIEGELBAUM, 2014). Segundo o trabalho de Ferguson et al. (2000),
camundongos OTKO ndo conseguiram desenvolver memoria social quando
comparados a camundongos WT. A administragdo de OT no grupo OTKO
reverteu o déficit de memdria social e, o tratamento com um antagonista de OT,
produziu um efeito semelhante a amnésia social no grupo WT. Nossos estudos
corroboram a hipdtese de que a expressdo adequada do OTR no HPC é
fundamental para o reconhecimento do parceiro, bem como, para o
desenvolvimento normal da memoria social e do comportamento reprodutivo.

Outro peptideo que participa da modulacdo dos comportamentos sociais é
a AVP e, nossos resultados mostraram menores niveis de expressdo dos
receptores AVPR3, no HPT, mas aumento no HPC de fémeas OTKO quando
comparadas a WT. Em roedores fémeas, a estimulacdo elétrica da area pré-
Optica hipotalamica interrompe o reflexo lordose, principal componente receptivo,
mas sem interferir no componente da proceptividade (CHRISTENSEN et al.,
2015; SAKUMA, 2015). Estudos farmacoldgicos indicam que a administracao AVP
pode melhorar a memoaria social (FERGUSON et al., 2000) e que a formacao de
pares pode ser significativamente modificada por uma pequena alteracdo na
expressado de receptores de AVPR no SNC (BEAR, 2008).

Ademais, estudo prévio (HITTI & SIEGELBAUM, 2014) descreveu elevado
nivel de expressdo génica do AVPR na regido hipocampal e a importancia da

AVP na motivacdo sexual. Além disso, a AVP exerce um papel modulador na
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excitabilidade do HPC através dos receptores AVPRi, e AVPRj, (ZHANG &
HERNANDEZ, 2013) e a sinalizacdo para a formacio de pares ¢ mediada pelos
AVPR1, (BARRETT et al., 2013).

Em roedores machos juvenis, experimentos que promovem a diminuicao
na densidade de APVRji, na area estriatal-palidal ventral, levam a prejuizos
significativos na preferéncia por um parceiro (BARRETT et al, 2013). Os
resultados deste trabalho podem inferir que a dificuldade em reconhecer o
parceiro, a falta da motivacdo e a diminuicdo do comportamento sexual nas
fémeas OTKO podem também estar associados a diminuicdo da expressao
génica do AVPR;,n0 HPT e aumento da expressao deste receptor no HPC.

Em relacdo ao CPF, nossos achados sao inéditos, pois apresentam a OT
modulando a expressao génica dos receptores ERa e ERB no CPF de fémeas e
associando esta expressdo com O comportamento sexual, uma vez que a
literatura descreve apenas influéncia da flutuacdo periférica dos hormoénios
gonadais e 0 aumento da expressdao de OT e de seus receptores no SNC
(SOMPONPUN & SLADEK, 2003; SUZUKI & HANDA, 2005). O comportamento
sexual é dirigido por uma interacdo sofisticada entre as acdes de hormoénios
esteroides no cérebro que dao origem ao estado de recompensa sexual (PFAUS
et al., 2001). Anadlises de neuroimagem, em modelos animais e humanos,
sugerem gue o recrutamento de redes neurais motoras seja parte integradora do
comportamento sexual (SCHECKLMANN et al., 2015). O CPF é extremamente
plastico e regides pré-frontais frequentemente respondem de forma muito
diferente para a mesma experiéncia, pois a plasticidade no CPF parece ser
diferente quando comparada com outras regides corticais (KOLB & GIBB, 2015).

Véarios estudos comportamentais em humanos e animais sugerem que a
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reposicdo com EST aperfeicoa tarefas que séo dependentes do CPF (KEENAN et
al., 2001; SOLIS-ORTIZ & MARQUEZ-RANGEL, 2001; RAPP et al., 2003).
Estudos comportamentais em primatas indicam que o EST pode alterar a
organizacdo sinaptica e melhorar o desempenho em tarefas cognitivas no CPF
(TANG et al., 2004). Davis et al. (2010) concluem que animais com lesdes no CPF
medial ndo tém a capacidade de suprimir busca de recompensa sexual em face
de consequéncias aversivas. Em nossos experimentos, o modelo OTKO provocou
a diminuicdo da expressao génica do ERa e ERB no CPF quando comparadas a

fémeas WT.

Por outro lado, ndo observamos diferencgas significativas na expressao
génica do DOPARp,; no BO, HPT, CPF ou HPC de fémeas OTKO quando
comparamos com o grupo WT. O DOPAR p, tem sido implicado na modulagao
do comportamento sexual, mas o seu papel parece bastante complexo e
controverso (FABRE-NYS et al., 2003). Os resultados de Triana-Del Rio et al.
(2015) demonstraram que a administracdo de OT com um agonista D,
(quinpirole), em ratos machos, promoveu a preferéncia sexual por um parceiro
masculino, enquanto que ratos nao tratados com OT e/ou agonista D, exibiram
preferéncia pelo sexo feminino. Triana-Del Rio et al. (2015) também analisaram
o tamanho de regides de dimorfismo sexual, a area pré-Optica e o SON,
chegando a concluséo que a preferéncia por individuos do mesmo género nao
se correlaciona com alteracbes morfolégicas nessas estruturas. Sanna et al.
(2015) estudaram os padrdes distintos do comportamento sexual de ratos de
linhagens romanas e correlacionaram as diferencas na atividade do sistema
dopaminérgico mesolimbico com a motivacdo e o desempenho sexual

copulatério. Em amostras obtidas a partir do nlcleo accumbens, o aumento nas
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concentragcbes de DOPA e do seu principal metabdlito, o &cido 3,4-
dihidroxifenilacético, foi significativamente diferente frente ao desempenho
sexual desses ratos. Através de andlises bioquimicas e comportamentais,
estes estudos direcionam para a visdo de que os diferentes padrbes sexuais
das linhagens de ratos romanas sdo pelo menos em parte, devido a
funcionalidade mais robusta do sistema dopaminérgico mesolimbico (SANNA
et al., 2015). Esses achados salientam a importancia do sistema dopaminérgico
no comportamento sexual. Em contraponto, 0s nossos trabalhos sugerem que
apesar da DOPA alterar o comportamento sexual, ndo ha modificacdes na

expressdo de DOPARp.

Um aspecto interessante do nosso estudo que deve ser destacado € o
fato do nocauteamento no gene da OT ndo promover nenhuma diferenca na
sintese de AVP no HPT nas fémeas OTKO em relacdo ao grupo WT, embora
dois estudos ja houvessem demonstrado que os niveis de transcricdo da AVP
sédo reduzidos no PVN e SON de camundongos OTKO (YOUNG et al., 1996;
OZAKI et al.,, 2004). No estudo de Becker et al. (2013) foi dosado o0s niveis
plasmaticos basais de AVP em fémeas OTKO e WT, contudo néo foi
encontrada diferenca significativa. Nossos resultados vdo ao encontro dos
achados de Becker et al. (2013), uma vez que a concentracdo central AVP

também néo foi afetada em fémeas OTKO quando comparadas a WT.

Para estudar o comportamento social, diversas abordagens séao
utilizadas, incluindo ensaios de expressdo génica. Desta forma, estudos
(DRIESSEN et al., 2014) vém utilizando RT-PCR, através da quantificacédo

relativa de RNAm, para analisar a expressao génica no SNC. No entanto, uma
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limitacao inerente do nosso estudo é que nds avaliamos a expressdo de RNAmM
dos receptores, e ndo a proteina traduzida. Nossas principais descobertas nos
permitem inferir que a diminuicdo do comportamento de lordose e 0o aumento
das posturas nao-receptivas foram influenciados pela auséncia central e
periférica da OT. Além disso, podemos associar a auséncia da OT circulante
com as alteracbes observadas na expressao génica do OTR (HPC), AVPR1a
(HTP e HPC), ERa (CPF) e ERB (CPF). Desta forma, concluimos que a
auséncia da OT circulante e a importante variacdo na expressdo dos genes
estudados (OTR, AVPR1,, ERa e ERB) no SNC, em conjunto possam explicar a

profunda diminuicdo do comportamental sexual observada nas fémeas OTKO.
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7 CONCLUSOES

A partir dos resultados obtidos nesta tese podemos concluir que:

- A auséncia da OT dentro do SNC causou reducdo dos comportamentos
receptivos e aumento dos comportamentos nao receptivos das fémeas OTKO
observados na diminuicdo da performance no teste comportamental;

- Fémeas OTKO apresentaram uma importante diminuicdo da expressédo dos
genes estudados: OTR (HPC), AVPR;, (HPT), ERa e ERB (CPF);

- Fémeas OTKO apresentaram aumento de AVPRi, no HPC em relagdo a
fémeas WT,;

- O nocauteamento do gene da OT néo altera a sintese de AVP no hipotalamo

de fémeas.
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9.1 ANEXO | - PARECER CONSUBSTANCIADO DE PROJETO DE PESQUISA

Parecer Consubstanciado de Projeto de Pesquisa

Titulo do Projeto: Estudo do papel da ocitocina no comportamento sexual e reprodutivo de

camundongos.
| Pesquisador Responsavel Marcia Giovenardi Parecer 920/09 1
| Data da Versdo 13/07/2009 | |Cadastro 506/09 | [Data do Parecer 13/08/2009 |
I Grupo e Area Tematica il - Projeto fora das areas teméticas especiais I

Objetivos do Projeto

- Geral: Estudar o papel da ocitocina (OT) na regulagao do comportamento sexuat e
reprodutivo de camundongos machos e fémeas.

Especificos: Analisar o efeito do deficit de ocitocina no comportamento sexual de
camundongos fémeas e machos;

Analisar as concentragdes plasmaticas dos hormonios progesterona, estradiol, luteinizante,
foliculo estimulante eprolactina, em machos e femes knockout para ocitocina;

Avaliar o numero de oécitos presentes nos ovidutos das fémeas, bem como a
espermatogenese em machos de camundongos knockout para ocitocina;

Estudar o comportamento de memdria social e interacdo social em machos com deficit de
ocitocina.

Sumario do Projeto

Em mamiferos, a OT tem importante papel na reproduc¢ao de fémeas e ha modulagao de
diversos comportamentos como interacao social, comportamento sexual, maternal, agressivo
maternal. Sabe-se que diferentes vias de transduc¢ao de sinais regulam a expressao dos
receptores de OT e o binding em cada regido cerebral e podem, em parte, mediar a habilidade
da OT em exercer seus efeitos comportamentais. A OT facilita a motivagao social e 0
comportamento de aproximagao e , também, parece ser fundamental em processos de
memoria social na discriminagéo de individuos familiares ou nao.

TEuaT

B Wc\omeh‘ re os itens de Identificaééo
Os experimentos serdo realizados nos laboratérios de fisiologia e de
fisiopatologia da hipertensao arterial sistémica, UFSCPA
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ABSTRACT

Social relations are built and maintained from the interaction between individuals.
Oxytocin (OT), vasopressin (AVP), estrogens (EST), dopamine (DOPA) and their
receptors are involved in the modulation of sexual behavior in females. Structures
of the central nervous system (CNS), such as the olfactory bulb (OB),
hypothalamus (HPT), medial amygdale, prefrontal cortex (PFC) and hippocampus
(HPC) have important functions related to sexual motivation, odor recognition,
memory, and emotional responses. In mice, OT is essential for lordosis behavior
and to establish the female preference for her partner. The experimental model
using knockout animals for OT allows evaluating the physiological and behavioral
changes generated from this genetic manipulation. This study aimed to analyze
the impact of OT gene knockout (OTKO) in sexual behavior of female mice, in the
synthesis hypothalamic of AVP and gene expression of OT receptors (OTR), AVP
(AVPR1,), EST alpha (ERy), EST beta (ERB) and DOPARp; in OB, HPT, PFC and
HPC. We used 11 female mice (C57BL/6J) for the control group (WT) and the
same number for the OTKO group. Detection of the transgene in the genome was
performed by polymerase chain reaction (PCR) and the animals were classified
as: WT (OT+/+), heterozygous (+/-OT) and OTKO (OT-/-). The female sexual
behavior test was performed on the evening of proestrus and these behavioral
parameters were evaluated: frequency, duration and latency lordosis, frequency of
mounts, as well as non-receptive positions. The collection of brain structures (OB,
HPT, PFC and HPC) happened the next morning the behavioral test. The cDNAs
were synthesized by reverse transcription followed by polymerase chain reaction
(RT-PCR). The gene expression of each receptor was calculated from the 224
formula. Data from the behavioral record and gene expression were expressed as
mean, standard error of the mean (+SEM) and analyzed by the Mann-Whitney
test. In all cases, p<0.05 was considered statistically significant. Our results
showed significant increase in latency and decrease in the frequency and duration
of lordosis behavior in OTKO females. For non-receptive postures, OTKO females
were significantly reduced latency and increased frequency and duration of these
postures. Regarding the gene expression of different receptors, OTKO females
showed significant decrease in OTR gene expression only in the HPC compared
to WT group. We found that the OTKO group showed a significant decrease in
gene expression of AVPRj, only in HPT, but increased expression in HPC when
compared to the WT group. Also, OTKO females showed significant decrease in
gene expression of ERa and ERB only the PFC when compared to the WT group.
There were no significant differences in gene expression DOPARp; in any of the
studied structures when comparing the two groups. Regarding knockout in OT
gene, our results showed that this does not promote significant difference in AVP
MRNA synthesis in HPT of OTKO group when the WT group. Our main findings
allow us to infer that the absence of OT within the CNS, as well as a significant
changes in expression of the genes studied (OTR, AVPR1,, ERa and ER[) mainly
in the PFC are related to decreased sexual behavior observed in OTKO females.

Key words: OTKO, vasopressin, estrogens, dopamine, female sexual behavior.
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1INTRODUCTION

The behavior can be regarded as the relationship of the individual with the
environment in which he/she/it is located. The different behavioral responses are
generally assigned as not social behavior (maintenance or exploitation behavior)

or social behavior (reproduction, aggression, submission or escape) [1].

The oxytocin (OT) is identified as a modulator of social behavior [2]. The cell
bodies of neurons in the hypothalamic paraventricular nuclei located (PVN) and
supraoptic (SON) produce and release neuropeptides OT and vasopressin (AVP)
[3], where two populations of neurons ocitocinergic are well highlighted, the

magnocellular neurons and parvocellular neurons [4].

Action potentials in neurosecretory cells trigger the release of OT from the
axonal terminals in the neurohypophysis into the bloodstream [5]. The OT is also
produced in the parvocellular division of the PVN, but in smaller quantities. The
neurons in this division are projected to different areas of the brain, such as:
amygdala, hippocampus (HPC), hypothalamus (HPT), nucleus accumbens, bed

nucleus of the stria terminalis, the spinal cord and others [5;6].

Genes encoding OT and AVP are highly homologous and located on the
same chromosome, but opposite transcriptional [7]. The distance between these

genes is from 3 to 12 kb in mice [8], humans [9] and rats [10].

Many structures are responsible for appearance and/or maintenance of
sexual behavior, among them are: olfactory bulb (OB) [11], HPT [12;13], prefrontal
cortex (PFC) [14], HPC [15], striatum, medial amygdala and medial preoptic area
[16].

In rodents, the OB is responsible for discriminating a wide variety of odors
present in the environment, generating different behaviors [11], including sexual
behavior. On the other hand, lordosis behavior depends on the action of sex
steroids, as well as on the activation of a neural circuitry which involves HPT [17].
The PFC is responsible for the inhibition of pulses and the major part of the

management behaviors that constitute the emotional responses, such as sexual
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behavior [18]. Furthermore, studies showed high level of the neuropeptides related

to sexual motivation in the HPC [15].

Antunes et al. [19] affirmed that sexual behavior is a result of a complex
interaction between neurotransmitters, enzymes, hormones and other proteins,

which in harmonious sequence express the mating ability.

The reproductive process is dependent on the role of the OT and AVP [20].
The OT is an important inducer of sexual behavior, arousal and orgasm [21]. In
mice deletion of the gene OT (OTKO), in addition to inhibiting of transcription OT
decreases the transcription of the gene in the AVP in the SON and PVN [22;23].

In females, the expression of AVP in the brain is smaller than males [24]. The
central administration of AVP inhibits sexual behavior of females exposed to a
sexually active male [25] and the central administration of an antagonist AVPR 1,
stimulates sexual receptivity [26]. Evidences suggest that sexual behavioral effects
are primarily mediated by specific circuits related to AVPR1a expression in the
CNS [27].

The sex steroids may influence ocitocinergic and vasopressinergic neurons,
modulating the hypothalamic-pituitary neuro-system [28;29]. In mammals, it is
observed that the high concentration of OT and OTR coincides with the high
concentration of serum estradiol [30]. According to Voisin et al. [31], there is an
expression of ER in the medial preoptic area, which sends projections to the SON,

place of OT and AVP synthesis.

In females, the pre-copulatory behavior requires the EST in three ways:
increasing the provision of female to approach the male and induce sexual
behavior; inducing the production of odors, pheromones and vocalizations that
make it the most attractive female and promoting estrogen conversion in
progesterone [32]. In mice, the sex that steroids modulate the dopaminergic
activity in the striatum and nucleus accumbens [33] may be important for some

motor responses during sexual behavior [32].

This study aimed to analyze the impact of OT gene knockout (OTKO) in

sexual behavior of female mice with the hypothalamic synthesis of AVP and gene



91

expression of OT (OTR), AVP (AVPR1,), EST alpha (ERy), EST beta (ERB) and
DOPARp; in OB, HPT, PFC and HPC.

2 MATERIAL AND METHODS
2.1 Animals

The mice (C57BL/6) of this study were the offspring of a backcrossed stock
obtained from Dr. W. Scott Young (B6; 129S-Oxttm1Wsy/J; NIMH, USA). Female
mice [n=11 for control group (WT); n=11 for OTKO group], between 5 and 8
months old, weighing 25 to 35g, were raised in the animal housing facility of the
Universidade Federal de Ciéncias da Saude de Porto Alegre (UFCSPA, Brazil).
Female mice of 4 to 5 animals were housed in ventilated transparent acrylic cages
(37 cm x 24 cm x 24 cm), controlled temperature (21 = 1°C) and light (12:12 light-
dark cycle with lights off at 5 pm) conditions. The 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 three regular estrous cycles, sexual behavior experiments were

performed in the beginning of the night of the proestrus phase [34;35].

2.2 Genotyping

The colony founders were developed by Young et al. [22]. 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
[34]. Briefly, genomic DNA was isolated from mouse tail samples and used as

template for polymerase chain reaction. The primer sequences for amplification of
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the WT alleles involved the forward primer 5’-CTT GGC TTA CTG GCT CTG
ACCT-3’ and the reverse primer 5-GTC AAG AGG GAG CCT AAC ACT TC-3’. To
amplify the targeted allele, an additional forward primer (NEO) was used: 5'-TGC
CCC AAA GGC CTA CCC GCT TCC-3..

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

randomly assigned in two experiments, as follows.

2.3 EXPERIMENT 1

2.3.1 Sexual Behavior

The females WT and OTKO were tested with sexually experienced males,
because they exhibited higher frequencies and shorter latencies for the behavioral
components of copulation, including mounting, intromission and ejaculation than
more experienced males [35]. The male was habituated 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 a room illuminated by dim red light, and behaviors were recorded with a video
camera during 15 minutes [36].

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 De Bold [37]. 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 the “Observer” software (Noldus®, Holland).

2.4 EXPERIMENT 2
2.4.1 Brain tissue samples
Female mice were decapitated and brains were quickly removed. The OB,

HPC, HPT and PFC from the left hemisphere were dissected, with an

stereomicroscope, on ice, using sterile materials. Samples were always collected
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in the morning, during the light cycle and in a noiseless room.

The structures dissection was performed as previously described and
illustrated by Chiu et al. [38], following the coordinates stated in the maps and
guides to dissection published by Palkovits [39] and Swanson [40] to separate
each specific brain area of interest for the present study. Immediately after
dissection, samples were placed in tubes containing RNA-later (1:1, v/v) for 24h at
4°C. After, RNA-later was removed and the tissue stored at -80°C until the RNA

extraction.

2.5 MOLECULAR ANALYSES

2.5.1 RNA extraction

Total RNA was extracted from samples using Trizol (Invitrogen, Sdo Paulo,
Brazil), according to manufacturer's guidelines. Briefly, each brain structure was
homogenized in the presence of Trizol; chloroform was added (1:5, v/v); and the
aqueous phase was obtained after centrifugation (12,000g, 15min). RNA was
precipitated with isopropanol for 15min, at room temperature; followed by
centrifugation at 12,000g for 10min. Pellets were resuspended in 0.1% DEPC-
treated water. The concentration of total RNA was determined by measuring the
optical density at 260nm and the RNA purity was assessed based on the

260nm/280nm ratio and agarose gel electrophoresis [41].

2.5.2 cDNA synthesis

Total RNA (1ug) was used as a template to synthesize cDNA. RNA was first
incubated with 1uL oligo (dT)(0.5ug/pL, Invitrogen, Sdo Paulo, Brazil) 1uL 10mM
dNTPs and DEPC-water to a final volume of 12uL, for 5min at 65°C and then 1min
in ice. The following reagents were then added to reach a final volume of 19uL:
4uL RT buffer (50mM Tris-HCI, pH 8.3, 75mM KCI, 3mM MgCl,), 2uL 0.1M DTT,
and 1pL RNaseOUT (40U/uL, Invitrogen, Sédo Paulo, Brazil). After a 2-min
incubation at 37°C, 1uL M-MLV-RT (200U/uL, Invitrogen, S&o Paulo, Brazil) was
added and cDNA synthesis was performed at 50°C for 1h; the reaction was

inactivated by incubation at 70°C for 15min.
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2.5.3 Real Time PCR (qPCR)

Table 1 shows all primer sequences used in this study, which were designed
using the software Primer-3 [42], based on mice mRNA sequences in the
GenBank database [43]. The specificity of the primers was checked using BLAST
search against nucleotide collection (nr) of the NCBI database. All primers were
from Invitrogen, S&o Paulo, Brazil.

The amplification for OTR, DOPARp,, ERa and ER, as well as for the
reference genes [(beta-actin (ActB) andcyclophilin-A (CypA)], was carried out
using 7.5uL of SYBR Green PCR Master Mix (Applied Biosystems, Séo Paulo,
Brazil), 0.5uL of forward and reverse primers (0.33uM each), 100ng of cDNA and
nuclease-free water, in a total volume of 15uL. Tagman® probes were used for
amplification of the gene AVPR;, and for reference genes of this receptor. This
protocol includes, in a final volume of 15ul of mastermix (Applied Biosystems, S&o
Paulo, Brazil) 1x0,5uL of forward primers and reverse (900nm), probe 1 (200nM)
and probe 2 (100nM) and a cDNA concentration approximately 100ng. Reactions
were performed in an optical 96-well plate, using a StepOnePlus™ thermocycler
(Applied Biosystems, Foster City, CA, USA). After an initial denaturation step at
95°C for 10min, amplification was performed in 50 cycles of denaturation at 95°C
for 30s, annealing at 60°C for 40s and extension at 72°C for 40s. Amplification was
followed by a melting curve analysis to confirm PCR product specificity. No signals
were detected in non-template controls. The experimental Ct (cycle threshold) was
calculated using the algorithm enhancements provided by the equipment. The Ct
value of each reaction was used to calculate the level of mMRNA expression of that
specific gene, after normalizing it in relation to the expression of the control
housekeeping (HKG) genes analyzed in parallel in the same reaction plate.

The gene expression of each receptor and HKG were calculated from the
222C formula [44]. All samples were run in duplicate and the mean value of each
duplicate was used for all further calculations [41;45;46;47]. These data were

analyzed by NormFinder (a Visual Basic application for Microsoft Excel) [41].
2.6 STATISTICAL ANALYSIS

Data of molecular analyses and sexual behavioral test (mean =+ SEM) were
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compared by the Mann-Whitney test because the data of all parameters did not
show a normal distribution. In all cases, P<0.05 was considered statistically
significant.

3 RESULTS

The OTKO group had a significant increase in the latency (P=0.001) and
decrease in the frequency (P=0.002) and duration (P=0.002) of female sexual
behavior when compared to WT females (Table 2). For non-receptive postures,
OTKO females showed a significant reduction in latency (P=0.001) and increased
frequency (P=0.001) and duration of these positions (P=0.001) when compared to
the WT group.

Figure 1 shows the results of the OTR gene expression in different areas of
the CNS female mice. We can see that OTKO females showed significant
decrease in gene expression of this receptor in the HPC (P=0.05) compared to WT
group. In other structures, OB (P=0.382), HPT (P=0.730) and PFC (P=0.536),
there were no significant differences between groups.

The AVPR1, gene expression in different areas of the CNS in female mice
shows that OTKO females increased significantly the gene expression of this
receptor in the HPT (P=0.017), and decreased in the HPC (P=0.008) when
compared to WT group. However, no significant differences were found in the PFC
(P=0.150) and OB (P=0.390) areas between the WT and OTKO groups (Figure 2).

The Figure 3 showed that OTKO females decreased significantly the gene
expression of ERa in the PFC (P=0.026) when compared to WT. However, no
significant differences were found between the groups studied in the HPT
(P=0.600), OB (P=0.730) and HPC (P=0.359). OTKO females significantly
decreased ERB gene expression only in the PFC (P=0.020) when compared to
control mice. However, there were no significant differences between the groups
studied in the OB (P=0.662), HPT (P=0.612) and HPC (P=0.896) (Figure 6) mice.

The Figure 4 showed no significant differences in gene expression
DOPARp; in any of the studied structures when comparing the two group [OB
(P=0.328), HPT (P=0.778), PFC (P=0.179) and HPC (P=0.516)].

Finally, there was no significant difference in the mRNA synthesis of AVP in
the HPT of OTKO female when comparing with WT (P=0.748) (Figure 5).
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4 DISCUSSION

Studies identifying genes involved in the sexual behavior of females are of
crucial importance, as these results suggest molecular pathways that modulate the
brain circuitry of reproductive behavior.

Recently, it was shown that the sexual behavior of male mice was not
affected by the absence of OT [48]. On the other hand, our results confirm the
findings that showed the OT gene knockout significantly decreased sexual
behavior of female mice [49]. Our results also showed a significant increase in the
frequency and duration of non-receptive postures in OTKO group compared to the
WT group.

The OT seems to be necessary to establish the female preference for her
partners [50]. In rats, during their first sexual experience, peripheral administration
of OT increased affiliative behavior [51]. The affiliative behaviors have been
described as a way to maintain and establish social relationship. This behavior
may be related to cutting repertoire, in a roundabout way, acting as a tension
reducer and also as a sign of interest by partner [52]. According to Becker [49],
the OT is significantly involved in the sexual behavior of females, a key modulator
of lordosis behavior. Thus, our results corroborate these findings because the OT
gene knockout reduces the sexual behavior of females and increased non-
receptive postures compared to WT group.

Another aspect to be highlighted in our results is the impact of OT deficit in
gene expression of different receptors in the CNS. Regarding the gene expression
of OTR receptors, was observed only a decrease in the HPC of OTKO than WT
females. In rodents, it is known that HPC is essential to recognize other animals of
the same species [15]. According to the study by Ferguson et al. [53], OTKO mice
failed to develop social memory when compared with WT mice. Administration of
OT for OTKO group reversed the social memory deficits, and treatment with an OT
antagonist produced an effect similar to social amnesia in WT group. Our studies
support the hypothesis that the proper expression of OTR in HPC is critical to
partner recognition, as well as for the normal development of social memory and
reproductive behavior.

Another peptide that participates in the modulation of social behavior is the

AVP, and our results showed lower levels of expression of receptors AVPR 14 in
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the HPT, but increased expression in HPC of OTKO females when compared to
WT. In female rodents, electrical stimulation of the hypothalamic preoptic area
interrupts the lordosis reflex, main receptive component, but without interfering in
proceptivity component [12;13]. Pharmacological studies indicate that AVP
administration may improve social memory [53] and that the pair formation can be
significantly changed by a small change in the expression of AVPR receptors in
the CNS [50].

In addition, a previous study [15] described high level of gene expression of
AVPR in the hippocampal region and the importance of AVP in sexual motivation.
Furthermore, AVP plays a role in modulating the arousal and HPC through
AVPR1, and AVPR3;, receptor [54] and signaling for pair formation is mediated by
AVPR, [55].

In juvenile male rodents, experiments promoting APVR;i, decrease in
density in the ventral striatal-pallidal area lead to significant losses in preference
for a partner [55]. Our results can infer that the difficulty in recognizing the partner,
lack of motivation and decreased sexual behavior in OTKO female may also be
associated with decreased gene expression of AVPR1, in HPT and HPC.

Regarding the PFC, our findings are novel because they present the OT
modulating gene expression of ERa and ERp receptors in the PFC of females and
combining this expression with sexual behavior, since the literature describes only
influence of the peripheral fluctuation of gonadal hormones and increased
expression of OT and its receptors in the CNS [28;29]. Sexual behavior is driven
by a sophisticated interaction between the steroid hormone actions in the brain
leading to the state of sexual reward [56]. Analysis of neuroimaging in animal
models and humans suggest that recruitment of motor neural network is integrated
part of sexual behavior [14]. The PFC is extremely plastic and prefrontal regions
often respond very differently to the same experience, because the plasticity in the
PFC appears to be different when compared to other cortical regions [57]. Several
behavioral studies in humans and animals suggest that replacement with EST
perfects tasks that are dependent on PFC [58;59;60]. Behavioral studies in
primates show that the EST can alter the synaptic organization and improve
performance in cognitive tasks PFC [61]. Davis et al. [62] conclude that animals
with lesions of the medial PFC have the ability to suppress seeking sexual reward

in the face of aversive consequences. In our experiments, the OTKO model
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significantly decreased gene expression of ERa and ERP in the PFC when
compared to WT females.

On the other hand, no significant differences in gene expression DOPARp;
in BO, HPT, PFC or HPC OTKO females were found when compared with the WT
group. The results of Triana-Del Rio et al. [63] showed that OT administration with
a D, agonist (quinpirole) in male rats promoted sexual preferences by a male
partner, while mice not treated with OT and/or D, agonist, showed sexual
preferences for the females. Triana-Del Rio et al. [63] also analyzed the size of
areas of sexual dimorphism, the preoptic area and the SON, reaching the
conclusion that the preference for the same gender individuals does not correlate
with morphological changes in these structures. Sanna et al. [64] studied the
different patterns of sexual behavior of rats of the roman lines and correlated
differences in activity in the mesolimbic dopamine system with copulatory
motivation and sexual performance. In samples obtained from nucleus accumbens
increase in concentration of DOPA and its major metabolite, 3,4-
dihydroxyphenylacetic acid was significantly different across these mice sexual
performance. Using biochemical and behavioral analysis these studies directs to
the vision that different sexual patterns of strains roman rats are at least partly due
to the more robust functionality of the mesolimbic dopaminergic system [64].
These findings underline the importance of the dopaminergic system in sexual
behavior. In contrast, our work has suggested that although DOPA modify sexual
behavior, no changes in expression DOPARp, were found.

An interesting aspect of our study that should be highlighted is the fact that
OT gene knockout does not promote any difference in AVP synthesis in the HPT
in OTKO females compared to WT group, although two studies had already shown
that transcription levels of AVP are reduced in the PVN and SON of OTKO mice
[22;23]. In the study by Becker et al. [49], baseline plasma levels of AVP in OTKO
and WT females were measured, although there was no significant difference. Our
results agree with the findings of Becker et al. [49], since the central AVP

concentration was not affected OTKO in females when compared to WT.

5 CONCLUSIONS

To study the social behavior, different approaches are used, including gene
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expression assays. Thus, study [65] has used RT-PCR, by relative quantification
of mRNA for analyzing gene expression in the CNS. However, an inherent
limitation of our study is that we evaluated the mRNA expression of receptors, not
the translated protein. Our key findings allow us to infer that the decrease in
lordosis behavior and the increase in non-receptive attitudes were influenced by
central and peripheral absence of OT. In addition, we may associate the absence
of circulating OT with the observed changes in gene expression of OTR (HPC),
AVPR1, (HTP and HPC), ERa (PFC) and ERB (PFC). Thus, we conclude that the
absence of circulating OT and the significant variation in the expression of genes
studied (OTR, AVPR31,, ERa and ERP) in the CNS together may explain the
profound decrease in sexual behavior observed in OTKO females.
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Highlights
OTKO females decrease the lordosis and increase the non-receptive postures;

OTKO group decreases the gene expression of AVPR1,in the HTP and increased
in the HCP;

OT gene-knockout females decrease the gene expression of ERa/ER( in the PFC,;

The gene expression of OTR decreased in the HPC of OTKO females;

Oxytocin gene-knockout does not promote differences in AVP mRNA synthesis in
HPT;
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Table 1: Sequences of primers receptors studied and reference gene
(housekeeping genes).

RECEPTOR SEQUENCE OF PRIMERS

LEFT 5 -CGATTG CTG GGC GGT CTT CA-3’
OXYTOCIN

RIGHT |5 -CCGCCGCTGCCGTCTTGAG-3

LEFT 5 —-TGG TCC GTG ATT GAA AAC CCA- 3
VASOPRESSINy1a

RIGHT |5 —-CCTTCT GTC TGT TGG TGA GCA- 3

LEFT 5 - CAAGAACGT TGT GCC CCT CT-3

ESTROGEN «a
RIGHT 5 -TGT AAG GAA TGT GCT GAA GTG GA-3
LEFT 5 - GGG ACA TGT ACC CTA GCA TCG-3
ESTROGEN B
RIGHT |5 -TGG AAA GTA CAA CGA GAG CCT-3
LEFT 5 -CTC AGG AGC TGG AAATGG AG-3
DOPAMINE p>
RIGHT 5 -CATGCCCATTCTTTTCTG GT-3
LEFT 5 - TAT GCC AAC ACA GTG CTG TCT GG- 3’
B-ACTIN
RIGHT |5 -TACTCCTGC TTG CTG ATC CAC AT-3
CICLOFILIN A LEFT 5 -TAT CTG CAC TGG CAAGAC TGAGTG-3

RIGHT |5 -CTTCTT GCT GGT CTT GCC ATT CC-3’




Table 2: Sexual behavior in WT and OTKO female mice.
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Parameters behavioral WT OTKO P
(11) (11)

Frequency of mounts 23.3+£3.0 145+4.3 0.07

Latency lordosis (S) 49.8 +113.8 841.9 +53.9 0.01*
Frequency of lordosis 6.2+23 05+04 0.02 *
Duration of lordosis (s) 49.2+19.9 7.1+£7.0 0.02 *
Lordosis quotient 30.0+11.6 28+26 0.02 *
Latency non-receptive postures (s) 73.69 £ 11.36 25.77 £ 8.72 0.01*
Frequency non-receptive postures 9.53 + 3.66 35.62+12.14 0.01~*
Duration non-receptive postures (s) 39.69 = 13.57 134.90 + 40.43 0.01*

Data were expressed as mean [tSEM]. Mann-Whitney test (U test of Mann-

Whitney). * Different from WT group.
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Figure 1. Quantification relative of gene expression of oxyiocin recepior in the
central nervous system of control females (WT) and knockout for the OT gene

{OTHO). Data were expressed as mean [ SEM)]. Mann-Whitney test (U test of
Mann-Whitney). " Difference compared to WT group.
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Abstract

Vasopressin (VP) and VP-like neuropeptides are evolutionarily stable peptides that
are found in all vertebrate species. In non-mammalian vertebrates, vasotocin (VT)
plays a role similar to mammalian VP, whereas mesotocin and isotocin are
functionally similar to mammalian oxytocin (OT). Here, we review the involvement
of VP in brain circuits, synaptic plasticity, evolution, and function, highlighting the
role of VP in social behavior. In all studied species, VP is encoded on
chromosome 20p, and in mammals, VP is produced in specific hypothalamic
nuclei and released by the posterior pituitary. The role of VP is mediated by the
stimulation of receptors Vi, V2, and V3 as well as oxytocinergic and purinergic
receptors. The functions of VT and VP are usually related to osmotic and
cardiovascular homeostasis when acting peripherically. However, these
neuropeptides are also critically involved in the central modulation of social
behaviors such as sexual behavior, aggressive behavior, pair-bonding, parental
care, pairing recognition and social memory. Evidences suggest that these effects
are mediated mainly by receptor Vi, in specific brain circuits this receptors provide
important information for the onset and control of social behaviors in normal and

pathological conditions.

Keywords: evolutionary lineage VP, vasopressin-like, receptors VP, receptor Vi,

social behavior.
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1. General aspects

The vasopressin-like (VP-like) and oxytocin-like (OT-like) peptides have
been isolated from four invertebrate phyla and from the seven major vertebrate
families, representing more than one hundred and twenty species (1). Thus, the
ancestral gene encoding the precursor protein appears to predate the divergence
of the vertebrate and invertebrate families, approximately 700 million years ago
(2). Generally, all vertebrate species possess a VP-like and an OT-like peptide;
hence, two evolutionary lineages can be traced.

The lineage for VP-like peptides is evolutionarily stable. In non-mammalian
vertebrates, vasotocin (VT) shares similar roles with mammalian arginine
vasopressin (VP), whereas mesotocin and teleost isotocin (IT) are functionally a
similar to mammalian oxytocin (OT). The neuronal expression and gene regulation
of these peptide hormones appear to be conserved among vertebrates (3).
Receptors for VP-like and OT-like peptides can also be traced back to
invertebrates (4), and distinct VP-like and OT-like receptors have been found in
fishes and tetrapods (5).

VP and OT differ in only two of nine amino acid residues, both of which are
structurally related and in the same superfamily (6). This VP-OT superfamily is an
ancient group of peptides that can be traced back to diverse types of invertebrates
such as annelids and mollusks (4). There is a homology of 80% between VP and
OT, but these neuropeptides have distinct physiological activities.

Both VP and OT are produced in the hypothalamus, released in the
posterior pituitary, and distributed throughout the brain (7). The vasopressor effect
of pituitary extract, first observed in 1895, was attributed to the posterior lobe of
this gland (8). However, it was only 18 years later that the antidiuretic effect of
neurohypophyseal extract was demonstrated (9). The isolation of VP in the fifties
proved that the same hormone is synthesized in the posterior pituitary and
possesses both antidiuretic and vasopressor effects (10).

We review the involvement of VP in brain circuits, synaptic plasticity,

evolution, and function, highlighting the role of VP in social behavior.

2. Vasopressin and vasopressin-like peptides
2.1. Gene structure

Nucleotide sequences encoding the VP and OT hormones are highly


http://ccforum.com/content/7/6/427#B1
http://ccforum.com/content/7/6/427#B2
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homologous. In all species, VP and OT are encoded by separate genes, but they
lie on the same chromosome at 20p, separated by a segment of DNA only 12
kilobases long (11). The similarity in the intron-exon structures of the two genes
and their close apposition are suggestive of recent gene duplication (12).

2.2. Synthesis and release

VP is a nonapeptide with a disulfide bridge between two cysteine amino
acids and is synthesized in a smaller amount by the parvocellular neurons, and
mainly by the magnocellular neurons of the hypothalamus in paraventricular (PVN)
and supraoptic (SON) nuclei (13). These nuclei send axons to the posterior
pituitary along the supraoptic-hypophyseal tract. In a prohormone state, VP
migrates along the supraoptic—hypophyseal tract to the posterior pituitary, where it
is released into the circulation (14).

The PVN and SON nuclei receive afferent nerve impulses from receptors in
the left atrium, aortic arch and carotid sinuses via the vagus nerve. PVN and SON
receive osmotic input from the lamina terminalis, which is excluded from the
blood—brain barrier and is thus affected by systemic osmolality. Furthermore,
Holmes et al. (14) suggested that in the rat brain extrahypothalamic structures
such as the bed nucleus of the stria terminalis, the medial amygdala, nucleus of
the locus coeruleus, hippocampus, choroid plexus, in addition to the
hypothalamus, are able to synthesize VP.

VP is also released at the anterior pituitary, where it acts on the Vi, receptor
(VibR) helping to control adrenocorticotropic hormone (ACTH) release and

therefore modulating the hypothalamic—pituitary—adrenal axis (15).

2.3 Vasopressin receptors (VPRSs)

The role of VP is mediated by stimulation of tissue-specific G-protein-
coupled receptors (GPCRs), which are classified into V; vascular (ViR), V2 renal
(V2R), V3 pituitary (V3R) and oxytocinergic (OTR) and P purinergic (P2R) receptors
(16).

The GPCRs comprise seven hydrophobic transmembrane a-helices joined
by alternating intracellular and extracellular loops, an extracellular amino-terminal
domain, and a cytoplasmic carboxyl-terminal domain (17). The actions of VP are

signaled through pathways that are similar to extracellular agents such as
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hormones, neurotransmitters and chemokines. Local mediators signal to the four
main G protein families to regulate metabolic enzymes, ion channels, and
transcriptional regulators. The extracellular signals are routed to specific G
proteins through distinct types of receptors. Several important hormones interact
with the G; pathway, which is characterized by the inhibition of adenylyl cyclase
(18).

Agonist stimulation of VPR leads to receptor subtype-specific interactions
with G-protein-coupled receptor kinases (GRKs) and protein kinase C (PKC)
through specific motifs that are present in the carboxyl termini of the receptors
(19). Guanine nucleotide-binding proteins (G-proteins) are signal transducers that
are attached to the cell surface membrane and connect receptors to effectors and
thus to intracellular signaling pathways (20). The signal of the VP is transmitted
through Gs and Gg11 subtypes (18).

2.3.1 Vireceptor

The ViRs are mainly found on vascular smooth muscle and cause
vasoconstriction by an increase in intracellular calcium via the phosphatidyl—
inositol-bisphosphonate cascade. The platelets express the ViR, which upon
stimulation induces an increase in intracellular calcium (21). Studies in rats show
that the V;Rs are also located in the cardiac myocytes, brain, testis, superior
cervical ganglion, liver, blood vessels, kidney, vasa recta and renal medulla (22),
but the physiologic roles of VP remain unknown in many of these diverse tissues.
There is interspecies variation in the V;R; although rat VP and human VP are

identical, the human VR is only 80% homologous with the rat ViR (1).

2.3.2 Vareceptor
The most important antidiuretic effect of VP occurs via activation of the V;R.

VP regulates water excretion from the kidney by increasing the osmotic water
permeability of the renal collecting duct, an effect that is explained by V;R coupling
with the Gs signaling pathway, which activates cAMP (23). The increased
intracellular cAMP in the kidney in turn triggers fusion of aquaporin-2-bearing
vesicles with the apical plasma membrane of the collecting duct principal cells,
increasing water reabsorption (24). VP adjusts water homeostasis regulation of the

fast shuttling of aquaporin 2 to the cell surface and stimulates the synthesis of


http://ccforum.com/content/7/6/427#B1
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MRNA encoding this protein (25).

Moreover, V2R is also expressed in the endothelium because the potent
V2R agonist 1-deamino-8-D-arginine vasopressin causes the release of the von
Willebrand factor and vasodilation (26). Phillips et al. (1990) (22) evaluated ViR
and V2R binding sites in vitro using selective radioligands, and their results
demonstrated no binding to the endothelium or liver, where 1-deamino-8-D-
arginine vasopressin might influence clotting factor release, or in the brain, spinal
cord, sympathetic ganglia, heart or vascular smooth muscle, regions where 1-
deamino-8-D-arginine vasopressin might cause vasodilation. For this study, the
specific binding was only identified in the kidney, which is consistent with the
known distribution of antidiuretic V,Rs on renal collecting tubules (22).

2.3.3 Vzreceptor

The V3R has a pharmacological profile that distinguishes it from the human
V1R and activates several signaling pathways via different G-proteins, depending
on the level of receptor expression (27).

Thibonnier et al. (1997) (27) showed that one G-protein appears to
participate in signal transduction pathways linked to V3Rs, depending on the level
of receptor expression and the concentration of VP (27). For instance, VP causes
secretion of ACTH from the anterior pituitary cells in a dose-dependent manner
through activation of PKC (28) via the Ggi1 class (27). In addition, its role in
cellular responses include increased synthesis of DNA and cAMP, which are
important in the induction and phenotype maintenance of ACTH-secreting tumors,
are mediated through the recruitment of several pathways, including Gs, G;, and
Ggn1 (29).

2.3.4 Other receptors

The OTR can be considered a 'nonselective’ VPR because the OTR has
equal affinity for VP and OT, whereas the V3R has a 30-fold higher affinity for VP
than for OT. OTRs are functionally coupled to Gga1 class binding proteins, which
stimulate the activity of phospholipase C (29).

VP was demonstrated to act on the P, class of purinoceptors (P2Rs) (30).
P,Rs also belong to the seven-transmembrane-domain GPCR superfamily. VP

was shown to exert cardiac effects through activation of P,Rs expressed on
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cardiac endothelium (30).

3. Vasopressin in osmotic and cardiovascular homeostasis

The role of VP in osmotic and cardiovascular homeostasis is well
established in the literature. Under normal physiological conditions, the secretion
of VP facilitates water reabsorption by the kidney and the contraction of smooth
muscle cells in arteries (31).

This hormone has been used as an antidiuretic in the treatment of diabetes
insipidus, in shock therapy and in cardiovascular treatment for over a hundred
years. For review, see Holmes et al. (2003) (16); the shock states can induce a
200-fold increase in VP levels, and these supraphysiologic levels cause profound
vasoconstriction, helping to maintain end-organ perfusion. Prolonged shock is
associated with a decrease in VP levels, likely due to the depletion of VP stores,
and may contribute to the refractory hypotension that is observed in advanced
shock states.

VP deficiency exists in some shock states, and the replacement of
physiologic levels of VP can restore vascular tone. The infusion of low-dose VP in
patients who have vasodilatory shock decreases norepinephrine dose
requirements, maintains blood pressure and cardiac output, decreases pulmonary
vascular resistance, and increases urine output. Under these circumstances, low-
dose VP could improve renal and other organ function in septic shock (32).

VP has also been demonstrated to cause vasodilation in some vascular
beds, distinguishing this hormone from other vasoconstrictor agents. VP may
restore vascular tone in vasodilatory shock states via the V1R (33) by blunting the
increase in cGMP that is induced by nitric oxide (34) and natriuretic peptide (35),
and by decreasing the synthesis of inducible nitric oxide synthase that is
stimulated by lipopolysaccharide (34).

The mechanism of vasodilation has been demonstrated to be due to the
activation of endothelial OTRs (36), which in turn trigger the activation of
endothelial isoforms of nitric oxide synthase. VP causes vasoconstriction or
vasodilation depending of the vascular bed studied (37), of the receptor density
such as V1R or OTR, of the studied model, of the dose (14), and of the duration of
exposure to the hormone (38).

The actions of VP on the heart are complex, and the studies are seemingly
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contradictory. Depending on the species studied, the dose used, and the
experimental model, VP can cause coronary vasoconstriction or vasodilation and
exert positive or negative inotropic effects. In addition to its vascular effects on
coronary blood flow, VP also has metabolic effects on the heart (39).

VP is a unique vasoactive hormone that is important in the control of
vascular tone and has myocardial effects. VP can restore vascular tone in
refractory vasodilatory shock states due to V3;R activation of KATP channels,
inhibitory action on nitric oxide, and the potentiation of endogenous
vasoconstrictors. While in vivo and in vitro studies suggest that VP may have
negative inotropic and coronary vasoconstrictor properties, clinical studies of low-
dose VP to date have not observed adverse cardiac effects of VP. In refractory
shock states, the administration of VP in low, physiologic doses has been
associated with impressive stabilization of hemodynamics (40).

Currently, most research on VP function has focused on its peripheral
actions on fluid homeostasis via the V;R and blood pressure control via the Vi,
receptor (V1aR) (41).

4. Vasopressin and synaptic plasticity

The neuropeptides VT/VP influence a variety of sex-typical and species-
specific behaviors and provide an integrational neural substrate for the dynamic
modulation of those behaviors by endocrine and sensory stimuli. Their have been
shown to influence many types of social behaviors in a wide range of species and
have been the focus of many neuroanatomical studies of its distribution and
targets in the central nervous system (6,42).

In vertebrates, the social behaviors that are modulated by VT and VP fall
into the general categories of reproduction, aggression, pair-bonding, parental
care, and smell-recognition behaviors (42). In different species, specific types of
reproductive behaviors enhanced by VT/VP administration include spawning
behavior in killifish, phonotaxis in female anurans, sexual receptivity in female
frogs, courtship and mating behaviors in male newts, mating behaviors in male
birds, mating behaviors in male rabbits, and lordosis in female rats and hamsters
(6).

Previous studies showed that VT/VP modulates specific types of

vocalization in reproduction that include chirps by male weakly electric fish, motor
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correlates of singing in plainfin midshipman fish (43), advertisement and territorial
calls in male anurans (44), advertisement and territorial calls in male qualil,
canaries, and sparrows, and vocalizations by rats and squirrel monkeys (45).

VT or VP administration also enhances smell-recognition behaviors in
newts, hamsters, squirrel monkeys, and musk shrews and enhances pair-bonding
behaviors in male voles (45,46). After reviewing these behavioral responses to VT
and VP peptides, Goodson & Bass (2001) (42) concluded that in each case,
VT/VP influences physical spacing between conspecifics, even though the
direction of the effect differs greatly depending on specific attributes of a species’
social organization. Study in rats suggests that vasopressin neurons may also play
an important role in the coding of social odour information. Because this filtering is
important for social recognition, it seems that the vasopressin release must
depend on previous olfactory experience (47). Notwithstanding, the vasopressin
given intranasally in rats had no significant effects on social recognition or short-
term recognition memory (48).

Behavioral studies suggest that the effects of VT and VP are mediated by
V;-like receptors. The pair bonding behaviors in male prairie voles are enhanced
by VP agonists and suppressed by Vi receptor antagonists (46). In fish and
amphibians, it was also found that V; agonists enhance and V; antagonists
suppress specific social behaviors (49).

Sex steroid hormones are involved in regulating many of the same
behaviors as VT/VP peptides. Social behaviors that are affected by VT and VP
peptides overlap with social behaviors that are under the influence of testicular
androgens. Experiments show that behavioral responses to VT/VP administration
are steroid dependent. For example, gonadectomy reduces and androgen
replacement restores the effectiveness of VT or VP administration to enhance
courtship behaviors in newts, offensive aggression in hamsters (50), and paternal
behaviors in voles (51).

Androgens act on this peptide system, which is indicated by the sexual
dimorphism in the distribution of VT and VP peptides that occurs in specific sites in
the brains of various vertebrates (6,42,52). Gonadal steroids appear to affect the
abundance and distribution of VT/VP receptors in specific brain areas (50). Sexual
differences in VP binding and Vi receptor mRNA have been found in amphibians

and mammals (50,53). It is clear that the actions of gonadal steroids on VT and VP
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systems are complex, with the responses to gonadal steroids being specific to

species, sex, and site.

4.1 V; receptor role in social behavior

Considerable evidence suggests that VP is critically involved in the
regulation of many social and nonsocial behaviors (54). The existence of two VP
receptors in the brain, namely the V1,R and ViR subtypes, and the lack of clear
pharmacological data using selective agonists or antagonists make it difficult to
determine which receptor is responsible for the VP-mediated effects on behavior.
The V14R has been thought to play the dominant role in regulating behavior (55).

The biological complexity of monogamy can be reduced to differences in
V1aR distribution in the male brain, which underlies the formation of female partner
preference through olfactory reward (55). ViR knockout (V1aRKO) mice have
been generated, and olfactory investigation tests have revealed that males exhibit
markedly reduced anxiety-like behavior and impaired social recognition (56). ViaR
antagonists induce marked effects on learning, memory, and social behaviors.

The role of V1aR in social recognition is more consistent than the anxiety
data, with most pharmacological investigations of Vi4,R antagonists resulting in
impaired social recognition (57). In rats, VP agonists have a facilitating effect on
social memory and can prolong social recognition for up to 120 min. Normal social
recognition lasts between 30 and 60 min, and the facilitating effects of VP
administration appear to improve the consolidation of social memory if it occurs
after the initial encounter (58). Increased expression of the Vi4R in the lateral
septum using viral vector gene transfer results in a similar facilitation of social
recognition (59).

Bielsky et al. (2004) (56) demonstrated that V;,RKO mice have a profound
deficit in social recognition, providing definitive evidence that the V4R is critical for
social recognition. This social deficit is not a result of a general olfactory
deficiency, given the ability of these animals to habituate to a nonsocial stimulus.
This finding suggests that olfactory learning in V1,RKO mice is intact, and the
specific deficit is in the learning and recall of social cues. These results suggest
that Vi1.Rs are either involved in the proper processing of olfactory cues or
pheromones used to identify individuals or perhaps in the context-specific learning

or recall of social olfactory memories. Behavioral studies suggest that vasopressin
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neurons may also play an important role in the coding of social odour information.
Because this filtering is important for social recognition, it seems that the
vasopressin release must depend on previous olfactory experience (47).

The inability to clearly discern the role of the V4R in anxiety from the results
of pharmacological investigations and the confounding results from investigations
into the Vi,R have prompted the current studies with V1,RKO mice. The
significantly reduced anxiety-like behaviors observed in Vi,RKO mice provide
additional, non-pharmacological support for the role of the Vi,R in regulating
anxiety behavior. The V4R antagonists used in many of these studies are known
to have low affinities for the V1R, and therefore, it is conceivable that some of the
behavioral effects produced by these compounds could be due to their effects on
the V1R (56).

Studies using in situ hybridization and immunohistochemical assays
suggest that the ViR is not strictly localized to the pituitary but may be widely
distributed in the brain (60). The data supporting the role of the ViR in social
recognition and anxiety are sparse and inconsistent. Studies employing
pharmacological antagonists have suggested that the Vi,R may play a role in
regulating anxiety, but this finding is not supported with knockout mice, although
they do show a reduction in aggressive behavior. Treatment with a ViR
antagonist results in reduced anxiety-related behavior, while the characterization
of a VipR knockout (V1,RKO) mouse found no difference in anxiety-related
behavior but did find mildly impaired social recognition (61).

Liebsch et al. (1996) (62) found no effect of VP on anxiety-related behavior
but did find a decrease in anxiety-related behavior after treatment with a ViR
antagonist. Appenrodt et al. (1998) (63) reported a decrease in anxiety-related
behavior after central or peripheral VP administration but no effect of a VP
antagonist. The VPR antagonist increased anxiety-like behavior (62,63). The V1R
has also been implicated in anxiety, and treatment with a V;,R antagonist resulted
in a decrease in anxiety-related behavior in rats (64). However, this finding was
contradicted by a report that V1,RKO mice do not show any changes in anxiety-
related behavior (61).

VP and their receptors, which have been shown to mediate social
recognition in rodents and are both under the control of sex hormones (65), or

either of the ViR results in specific social recognition deficits (66,67), while VP
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administration improves social recognition in both sexes (68). Nevertheless, VP
antiserum or antagonist administration blocked male but not female social
recognition (69). It is also possible to induce pair bonding in both male mice and
promiscuous male voles by introducing the monogamous prairie vole Vi13,R gene
into the ventral forebrain or central nervous system (70), although variations in the
V1aR gene may not be sufficient or necessary for this type of mating behavior in
voles and deer mice (71).

Within-species variations in hormones and their receptors are also linked to
social behaviors; voles that spent more time investigating a novel female and did
not habituate had more V13,R and less OTR in the septum (72). Higher VP and OT
MRNA levels in the medial preoptic area could facilitate social recognition by
releasing more VP and OT into the lateral amygdala, thus facilitating social
recognition, as both the dorsolateral septum and the amygdala receive projections
from hypothalamic OT and VP expressing neurons (73).

The results of Clipperton-Allen et al. (2012) (74) support the idea that
variation in ovarian hormones could be related to individual differences in social
recognition, at least partly through modulation of the VP and/or OT systems,
particularly in the dorsolateral septum, lateral amygdala and medial preoptic area.
As mRNA levels do not always reflect differences in protein levels, it should be
noted that additional studies are necessary to determine how the observed
differences in gene expression relate to levels of receptors and/or hormones and
whether these occur in the same brain regions as the mRNA changes or in regions
to which they project.

A previous study provided direct evidence that the ViiR is critical in
olfactory social recognition and anxiety-like behavior (56). These results support
previous reports of the importance of the VP system in these behaviors and may
have clinical relevance to the understanding and treatment of similar
corresponding disorders in humans. Autism, with its hallmark disturbances in
social behavior, has been associated with polymorphisms in the V1,R gene (75),
suggesting that modulation of this receptor and the VP system may provide novel
therapeutic targets for psychiatric disorders associated with social impairment,
such as autism, as well as affective disorders such as anxiety disorder. Social
recognition in rodents is a specific olfactory task and is supported by a clear

olfactory circuit important in such species. The effects of VP in social recognition
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may not generalize to social engagement in humans, and furthermore, the effects
of ViaR modulation on anxiety-related behavior might confound the use of VP-
focused treatment for social disorders and vice versa. Nevertheless, the disparate
effects of V1R activation on social and anxiety-related behavior may be mediated
by different neural circuits, and VP-focused treatment for one disorder could
possibly be separated from effects on other circuits. It is also possible, as
discussed previously, that VP’s effects on social recognition and anxiety-related
behaviors are a result of changes in the internal environment, and VP may have a
more permissive effect on arousal states. The studies of Bielsky et al. (56) suggest
that the modulation of the vasopressinergic system may provide a fresh strategy
for the treatment of social and affective disorders, and further investigation may
prove the V1,R and VP systems to be clinically relevant to these disorders.

In conclusion, the lineage for VP or VP-like neuropeptides is evolutionarily
stable and present in all vertebrate species. The role of VP in osmotic and
cardiovascular homeostasis is well established in the literature; however, the
neuropeptides VT/VP are also critically involved in the modulation of social
behaviors in a wide range of species. In vertebrates, the social behaviors that are
modulated by VT and VP fall into the general categories of reproduction,
aggression, pair-bonding, parental care, and smell-recognition behaviors.
Behavioral studies suggest that the effects of VT/VP are mediated by V;-like
receptors. The Vi1,R has been thought to play the dominant role in regulating

behavior.
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