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GARNICA-SIQUEIRA, Marcela Cristina. Papel do eixo hipotadlamo-hip6fise-
adrenal sobre os efeitos do peptideo intestinal vasoativo no controle da
homeostase energética. 2019. 77 f. Tese (Doutorado em Ciéncias Fisioldgicas)
Londrina, 2019.

RESUMO

O peptideo intestinal vasoativo (VIP) é um neuropeptideo anorexigénico e, além de
inibir a ingestao alimentar, sua microinjecéo intracerebroventricular (ICV) promove
aumento plasméatico do hormonio adrenocorticotréfico e de corticosterona, indicando
que o VIP ativa o eixo hipotadlamo-hipéfise-adrenal (HPA), eixo este que desempenha
importante papel na homeostase energética. O objetivo deste trabalho foi investigar
o papel do eixo HPA sobre os efeitos da microinjecdo ICV de VIP na ingestao
alimentar e parametros metabdlicos plasmaticos. Para isto, foram avaliados os efeitos
de VIP, em animais adrenalectomizados (ADX) com ou sem reposicdo de
corticosterona, sobre a ingestédo alimentar, parametros plasmaticos e a expressao de
RNAm do receptor de VIP tipo 2 (VPAC2) em nucleos hipotalamicos. Em animais
intactos, foram avaliadas a ativagcdo neuronal e a expressao de RNAmM de fator
liberador de corticotrofina (CRF) no nucleo paraventricular do hipotalamo (PVN)
induzidas pelo VIP e o efeito do pré-tratamento com antagonistas do receptor de CRF
tipo 1 (CRFR1), a antalarmina (ANT), e do receptor de CRF tipo 2 (CRFR2), a
antisauvagina-30 (AS30), em resposta a administracdo de VIP sobre ingestao
alimentar e parametros plasmaticos. O VIP promoveu hipofagia,
hipercorticosteronemia, hiperglicemia e reducéo de &cidos graxos livres plasmaticos.
A ADX atenuou estas respostas e reduziu a expressao de RNAmM de VPAC2 no ARC
e LHA, mas ndo no PVN. O VIP também aumentou o numero de neurdnios
imunorreativos aos antigenos relacionados ao Fos (FRA) e a expressao de RNAm de
CRF no PVN. ANT e AS30 atenuaram a inibicdo da ingestdo alimentar promovida
pelo VIP, sendo o efeito da ANT mais pronunciado. ANT e AS30 atenuaram o
aumento da concentracdo plasmatica de corticosterona e a diminuicdo da
concentragdo plasmatica de acidos graxos livres, mas apenas a AS30 atenuou a
hiperglicemia induzida pelo VIP. Estes resultados indicam que a ADX abole a
hipofagia e as alteragbes metabdlicas plasmaticas do VIP, sendo estes efeitos
relacionados com a reducao da expresséo de VPAC2 no hipotdlamo de animais ADX,
e que o CRF é um mediador dos efeitos de VIP no balan¢o energético, sendo CRFR1
e CRFR2 participantes dessas respostas. Em resumo, o eixo HPA é de grande
importancia para os efeitos do VIP na homeostase energética, sendo o CRF um
importante mediador hipotalamico dessas respostas.

Palavras-chave: Nucleo paraventricular do hipotalamo. Fator liberador de
corticotrofina. Ingestdo alimentar. Corticosterona. Receptor de VIP
tipo 2. Antalarmina. Antisauvagina-30.



GARNICA-SIQUEIRA, Marcela Cristina. Role of hypothalamic-hypophysis-adrenal
axis on the effects of vasoactive intestinal peptide in the control of energy
homeostasis. 2019. 77 p. Thesis (PhD in Physiological Sciences) Londrina, 2019.

ABSTRACT

Vasoactive intestinal peptide (VIP) is a neuropeptide that acts as an anorectic signal
by inhibiting food intake, and its intracerebroventricular (ICV) microinjection promotes
increase of adrenocorticotropic hormone and corticosterone plasma levels, indicating
that VIP activates hypothalamic-hypophysis-adrenal (HPA) axis. In addition, it is
known that HPA axis plays important role in energy homeostasis. Thus, the aim of this
study was to investigate the role of the HPA axis on the effects of ICV microinjection
of VIP on food intake and plasma metabolic parameters. For this, it was evaluated VIP
effects in adrenalectomized (ADX) animals, with or without replacement of
corticosterone, on food intake and plasma parameters, as well as the expression of
VIP type 2 receptor (VPAC2) mRNA in hypothalamic nuclei. In intact animals, it was
evaluated the effects of ICV administration of VIP on the activity of neurons and
corticotrophin-releasing factor (CRF) mRNA expression in the paraventricular nucleus
of the hypothalamus (PVN), as well as the effect of pretreatment with CRF type 1
receptor (CRFR1) antagonist, antalarmine (ANT) and CRF type 2 receptor (CRFR2)
antagonist, antisauvagine-30 (AS30), on VIP-induced changes on food intake and
plasma parameters. VIP promoted hypophagia, hyperglycemia,
hypercorticosteronemia, and reduction of plasma free fatty acids. ADX attenuated
these effects, and reduced mRNA expression of VPAC?2 in lateral hypothalamic area
and arcuate nucleus, but not in PVN. In addition, VIP increased the number of Fos-
related antigens (FRA)-immunoreactive neurons and CRF mRNA levels in the PVN.
Both ANT and AS30 treatment attenuated the inhibition of food intake promoted by
VIP, ANT showed a more pronounced effect. ANT and AS30 attenuated the increase
in plasma corticosterone levels and reduction of free fatty acids plasma levels, and
only AS30 was able to attenuate the hyperglycemia induced by VIP. These results
indicate that ADX abolishes VIP-induced hypophagia and plasma metabolic changes,
being these effects associated with reduction of VPAC2 expression in the
hypothalamus in ADX animals, as well as that CRF is a mediator of VIP effects on
energy balance, both CRFR1 e CRFR2 participating in these responses. In summary,
HPA axis is crucial for VIP effects on energy homeostasis, and CRF is an important
hypothalamic mediator of this responses.

Key words: Paraventricular nucleus of the hypothalamus. Corticotrophin-
releasing factor. Food intake. Corticosterone. VIP receptor type 2.
Antalarmine. Antisauvagine-30.
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1 INTRODUCAO

A homeostase energética trata-se de um processo regulatério ativo entre o
consumo e o gasto energético, o qual prové estabilidade em relacdo aos estoques de
energia corporal em forma de tecido adiposo (SCHWARTZ et al., 2000). O controle da
homeostase energética tem sido objeto de investigacdo para se compreender 0s
mecanismos envolvidos no controle da ingestdo alimentar. A integracdo de sinais,
provenientes da periferia do organismo com sinais elaborados no sistema nervoso
central (SNC), é responséavel pela regulacdo do comportamento alimentar e do gasto
energético (HAVEL, 2001).

O hipotalamo tem posicdo de destaque neste controle, pois coordena e integra
sinais centrais e periféricos para elaborar respostas neuroquimicas e neuroenddécrinas
apropriadas. Alguns nucleos hipotalamicos participam ativamente no controle da
ingestdo de alimentos e balanco energético (ZAIA et al., 1997; WILLIAMS et al., 2001).
O nucleo arqueado do hipotalamo (ARC), por estar localizado adjacente ao terceiro
ventriculo e a eminéncia mediana, possui heurénios com receptores que respondem as
concentracOes circulantes de insulina e leptina (SCHWARTZ et al., 1992a, 1992b;
FRIEDMAN; HALAAS, 1998; BRUIIJNZEEL et al., 2011; RIEDIGER, 2012). Esses
hormdnios agem nas subpopulacdes neuronais do ARC, onde alteram a expressao de
diferentes neuropeptideos envolvidos no controle da ingestdo alimentar. Esses
neurénios do ARC se projetam para alguns ndcleos hipotalamicos, entre eles, o nucleo
paraventricular do hipotalamo (PVN), evidenciando assim o papel do ARC na integracao
de sinais para a homeostase energética (HALFORD et al., 2003; BOURET, 2004).

O PVN exerce papel central no controle da homeostase energética, é ativado
apos a ingestdo alimentar (SINGRU et al., 2007), esta envolvido nas respostas de
saciedade por receber projecdes do ARC e do nucleo do trato solitario (NTS), e
expressar peptideos orexigénicos e anorexigénicos (SCHWARTZ et al., 2000). A regido
parvocelular medial do PVN (PaMP) é responsavel por produzir mediadores que
projetam-se para a eminéncia mediana. As regibes paraventricular ventral (PaV) e
parvocelular posterior (PaPo) possuem neurbnios que se projetam para areas de
controle autonémico, como o NTS. E as areas magnocelular lateral e magnocelular
medial do PVN possuem neurbnios produtores de vasopressina e ocitocina (OT) que

enviam suas projecdes axonais para a neuro-hipéfise (ARMSTRONG et al., 1980).
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Outros nucleos envolvidos no controle da ingestdo de alimentos sdo o nucleo
ventromedial do hipotalamo (VMH), o nucleo dorsomedial do hipotdlamo (DMH) e a area
hipotalamica lateral (LHA). O VMH tem papel importante na inibicdo da ingestao
alimentar, por possuir receptores para a leptina que atua como um mediador
anorexigeno, e lesédo bilateral do VMH gera hiperfagia e obesidade em ratos (ZAIA et al.,
1987; SATOH et al., 1997a). A destruicao bilateral do DMH, assim como do VMH, resulta
em hiperfagia e obesidade (BELLINGER; BERNARDIS, 2002), ambos os ndcleos sao
sensiveis a alteragdes circulantes periféricas (glicose, acidos graxos, hormonios),
ativando outros nucleos para determinar maior ou menor ingestdo de alimentos,
demonstrando como sua principal funcdo a integracdo e o0 processamento de
informacBes entre nucleos hipotalamicos (ELMQUIST et al.,, 1998; BELLINGER;
BERNARDIS, 2002; JEONG; LEE; JO, 2017). Por outro lado, sabe-se que o LHA recebe
projecdes do ARC e produz neuropeptideos orexigénicos (SIMPSON; MARTIN; BLOOM,
2009) e destruicdo bilateral desse nucleo gera inibicdo da ingestdo alimentar
(WELKENHUYSEN et al., 2008).

Estes nucleos hipotalamicos possuem projecdes e conexdes intrinsecas, e
também expandem projecdes que alcancam outras regides encefalicas, como o tronco
encefalico, onde o NTS tem papel crucial em direcionar os sinais hipotalamicos para o
sistema autondmico pela ativacdo ou inibicdo de vias neuronais descendentes
(SCHWARTZ, 2010).

Neuropeptideos orexigenos e anorexigenos sdo produzidos por neurdnios
envolvidos neste complexo controle. Neurénios do ARC expressam peptideos
relacionados a ingestdo alimentar, dentre os peptideos orexigenos tém-se o
neuropeptideo Y (NPY) e a proteina relacionada ao Agouti (AgRP) (MORLEY et al.,
1987; AKABAYASHI et al.,, 1994; EBIHARA et al.,, 1999). No controle dos sinais
anorexigenos participam o transcrito regulado por cocaina e anfetamina (CART)
(SIMPSON; MARTIN; BLOOM, 2009), o fator liberador de corticotrofina (CRF) (UEHARA
et al., 1998), o horménio estimulante de a-melandcitos (a-MSH) (WOODS et al., 1998),
a OT (ARLETTI; BENELLI; BERTOLINI, 1989), e o peptideo intestinal vasoativo (VIP)
(ALMEIDA et al., 2002), entre outros.

O VIP é um peptideo de 28 aminoécidos, da familia do glucagon-secretina,
descoberto no duodeno de porcos como um horménio do trato gastrointestinal, capaz de
induzir vasodilatacdo e hipotensédo (SAID; MUTT, 1970). Demonstrou-se posteriormente

qgue o VIP esté presente no sistema nervoso central e periférico (SCHUTZBERG et al.,
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1980), sendo reconhecido como um neuropeptideo com propriedades
neuromodulatérias. Neurdnios que expressam o0 VIP estdo distribuidos em diversas
areas do SNC, como cortex, hipocampo, nucleo amigdaldide, tdlamo e hipotadlamo. O
nucleo hipotaldmico supraquiasmatico (SCN) apresenta grande concentragdo de
neurdnios VIPérgicos e esta normalmente co-localizado com neurénios GABAérgicos.
Os receptores de VIP, VPAC1 e VPAC2, acoplados a proteina G, estdo distribuidos no
SNC, e estimulam preferencialmente a enzima adenilato ciclase e o aumento intracelular
de AMPc. VPACL é expresso principalmente no hipocampo e cértex cerebral e em menor
quantidade no hipotalamo (JOO et al., 2004). VPAC2 é expresso no talamo, hipotalamo,
tronco encefalico e amigdala (SHEWARD; LUTZ; HARMAR, 1995). No hipotalamo,
VPAC2 é encontrado nos nucleos supraoptico, SCN, ARC e preferencialmente na regido
parvocelular do PVN, assim como, na hipofise anterior (GERHOLD; HORVATH,;
FREEMAN, 2001), onde controla a atividade e secrecao de horménios como prolactina
e OT, sendo que a expressao do receptor VPAC2 esta presente em areas associadas
as funcdes neuroendocrinas no SNC (USDIN; BONNER; MEZEY, 1994). As fibras
nervosas VIPérgicas provavelmente alcancam a eminéncia mediana e terminam
proximas aos capilares do sistema portal hipotalamo-hipéfise (NUSSDORFER;
MALENDOWICZ, 1998). Interessantemente, o VIP atua como um forte sinal anorexigeno
ao inibir a ingestao alimentar (ALMEIDA et al., 2002; GHOURAB et al., 2011) e estudos
demonstram a acéo do VIP em inibir a ingestao alimentar em galindceos (TACHIBANA
et al.,, 2003), peixes (MATSUDA et al., 2005) e ratos (MARTINS et al.,, 2018).
Microinjecdo intracerebroventricular (ICV) de VIP em ratos resulta em aumento
plasmatico da concentracdo de glicose com diminuicdo da ingestdo alimentar
(GHOURAB et al.,, 2011), assim como, aumento de horménio adrenocorticotréfico
(ACTH) e corticosterona plasmatica de maneira dose dependente, por estimular
neurbnios CRF e agir na regulacdo do eixo hipotadlamo-hipéfise-adrenal (HPA)
(ALEXANDER; SANDER, 1994; WANG et al., 1998). Entretanto, animais knockout para
VIP (VIP -/-) apresentaram diminuicdo de peso corpéreo e massa adiposa, aumento de
ingestdo alimentar no periodo claro, e no jejum observou-se diminuicdo das
concentracfes plasmaticas de grelina e adiponectina, e aumento das concentracdes
plasmaticas de leptina, peptideo semelhante ao glucagon-1 e o peptideo YY,
demonstrando que o VIP tem papel regulador chave no controle dos hormoénios

anorexigenos e orexigenos (VU et al., 2015).
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Entre os sinais periféricos que participam do controle da ingestao alimentar estao
a insulina, a leptina e os glicocorticoides (SAINSBURY; COONEY; HERZOG, 2002). Os
glicocorticoides sao produzidos na adrenal, controlados pelo eixo HPA, e atuam no
metabolismo de carboidratos, lipideos e proteinas, assim como, na resposta adaptativa
ao estresse e ao promover o aumento do apetite e do peso corpéreo em humanos e
roedores (ZAKRZEWSKA et al., 1999a). Kumar e Leibowitz (1988) demonstraram que a
adrenalectomia (ADX) bilateral diminui a ingestdo alimentar e o peso corpéreo, e a
reposicdo de corticosterona estimula a ingestdo alimentar, revertendo a anorexia
induzida pela ADX nos animais, associada a menor expressao de NPY (STRACK et al.,
1995).

A ADX bilateral tem sido amplamente utilizada para o estudo do eixo HPA e da
acao dos glicocorticoides, que promovem a retroalimentacao negativa na adeno-hipéfise
e no hipotalamo, inibindo a sintese e liberacdo de ACTH e CRF, respectivamente; ao
passo que a reposicdo de corticosterona em animais adrenalectomizados atenua o
aumento da secrecdo de ACTH e da expressédo de CRF no PVN induzidos pela ADX
(AKABAYASHI et al., 1994; DALLMAN et al., 1987; BEYER; MATTA; SHARP, 1988).

A retirada dos glicocorticoides, por remocdo das glandulas adrenais promove
alteracdo na expressdo dos neuropeptideos relacionados ao controle da ingestao
alimentar e homeostase energética (MAKIMURA et al., 2003). Dessa forma, estudos
verificaram a presenca de receptores para glicocorticoides nos neurdnios hipotalamicos
que expressam NPY e AgRP (HISANO et al., 1988; CINTRA et al., 1991), e que o0s
glicocorticoides tém o potencial de estimular, no ARC, a producdao e liberacdo de AgRP
e NPY para atuarem no PVN (LEON-MERCADO et al., 2017). Sabe-se também que a
expressdo de NPY no hipotalamo € aumentada pela administracéo de glicocorticoides
(ZAKRZEWSKA et al., 1999b), e ADX diminui a expressao de NPY e AgRP no ARC
(UCHOA et al., 2012).

Como ja mencionado, além do NPY e AgRP, a expressdo de CRF no PVN
também é alterada pelos glicocorticoides (AKABAYASHI et al., 1994; DALLMAN et al.,
1987; BEYER; MATTA; SHARP, 1988). O CRF, liberado do PVN, atua por meio de
receptores especificos acoplados a proteina G, denominados CRFR1 e CRFR2. O
CRFR1 possui grande distribuicdo no SNC, com expressao significativa no cerebelo,
estruturas limbicas, nucleos da rafe dorsal e medial, PVN e hipéfise anterior e intermedia
(CHALMERS; LOVENBERG; DE SOUZA, 1995; VAN PETT et al.,, 2000), e esta

relacionado a ativacdo do eixo HPA, pela sua presenca nos corticotrofos (GUTMAN et
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al., 2003). O CRFR2 é expresso no bulbo olfatério, amigdala, hipocampo, nucleos da
rafe, e no hipotdlamo, no nucleo supraoptico, VMH e PVN (LOVENBERG et al., 1995;
VAN PETT et al., 2000), areas hipotalamicas relacionadas ao controle da ingestao
alimentar, sendo responsével pelos efeitos anoréxicos do CRF (VAUGHAN et al., 1995).

A administracéo central de CRF diminui a ingestao alimentar em ratos, sugerindo
que o aumento de secrecdo de CRF enddgeno, em resposta a auséncia da contra
regulacdo dos glicocorticoides pode contribuir para a diminuicdo da ingestao alimentar
apos ADX (ARASE et al., 1988). Makino e colaboradores (1998) observaram diminuicdo
da expressao de CRFR2 no VMH, apds ADX, e aumento da expressao de CRF no PVN,
demonstrando a importancia do PVN na hipofagia induzida pela ADX.

Para elucidar as ac0es relacionadas a cada receptor, antagonistas do receptor de
CRF tém sido utilizados. A antalarmina, antagonista de alta afinidade do receptor
CRFR1, promoveu redugéo dos valores basais de ACTH e corticosterona, demonstrando
sua participacao na regulacao do eixo HPA (WONG et al., 1999). Uchoa e colaboradores
(2009a) demonstraram que ADX promove hipofagia e aumenta a ativacédo de neurbénios
do NTS em resposta a alimentacgdo, entretanto, tratamento com antagonista do receptor
de CRFR2, antisauvagina-30, reverteu os dois parametros (UCHOA et al., 2010),
evidenciando o papel deste receptor na reducéo da ingestéo alimentar e na ativacdo das
vias de saciedade relacionadas ao tronco cerebral ap6s a ADX. Chotiwat e Harris (2008)
observaram a participacdo de CRFR1 e CRFR2 nos efeitos do estresse na ingestao
alimentar e peso corporeo, sendo que a antalarmina reduziu as concentracdes
plasmaticas de corticosterona em ratos durante o estresse por imobilizacdo (DE LA
TREMBLAYE et al., 2014).

Ainteracéo entre o eixo HPA e o VIP é evidenciada por Ceccatelli e colaboradores
(1989) que reconheceram co-localizagéo de VIP e CRF em neur6nios parvocelulares do
PVN de ratos; e na pituitaria observou-se aumento da expresséo de VIP apds ADX, e o
tratamento com dexametasona aboliu este efeito (JONES et al., 1990; LAM,;
SRIVASTAVA; TAM, 1992). Além disso, o VIP foi eficaz em estimular a liberagcdo de
ACTH e corticosterona em ratos (PRALONG; CORDER; GAILLARD, 1991), e de cortisol
e ACTH em humanos com sindrome de Cushing (WATANOBE; TAMURA, 1994), sendo
que a administracdo de dexametasona inibe esta resposta (WATANOBE; TAMURA,
1997). Em galinaceos, inje¢do ICV de VIP promoveu aumento da concentracdo
plasmatica de corticosterona e diminuicdo da expressao de CRF no diencéfalo, assim
como de urocortina-3 e CRFR2 (KHAN et al., 2013).
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Considerando a importancia do VIP e do eixo HPA na regulacdo da homeostase
energeética, torna-se relevante o estudo da interacédo entre esses dois componentes no
controle da ingestédo alimentar. Dessa forma, o presente estudo avaliou os efeitos da
ADX e dos receptores de CRF nas respostas induzidas pelo VIP na homeostase
energética.



17

2 JUSTIFICATIVA

O VIP é um importante sinal anorexigeno no controle da homeostase energética.
Sabe-se que o VIP promove diminui¢cédo da ingestéo alimentar e aumento da glicemia e
de corticosterona plasmatica, parametros controlados pelo eixo HPA. E de grande
relevancia compreender os mecanismos envolvidos com a atuacgdo de VIP pois permitira

elucidar e expandir a visdo do complexo controle da homeostase energética.
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3 OBJETIVOS

3.1 Objetivos gerais

Avaliar o papel do eixo HPA sobre os efeitos da microinjecao ICV de VIP sobre

parametros plasmaticos e ingestédo alimentar de ratos.

3.2 Objetivos especificos

Os objetivos especificos do trabalho constituem em avaliar:

1) Em animais adrenalectomizados, com ou sem reposi¢ao de corticosterona:
a. Os efeitos da administracdo de VIP sobre a ingestdo alimentar e parametros
plasmaticos (glicose, acidos graxos livres e corticosterona);
b. A expressdo de RNAm de VPAC2 no LHA, PVN e ARC.

2) Em animais intactos, a resposta a administracao central de VIP sobre:
a. A ativagao neuronal no PVN;
b. A expressdo de RNAm de CRF no PVN.

3) Em animais intactos, o efeito do pré-tratamento com antagonistas de receptores de
CRF do tipo 1 ou do tipo 2, em resposta a administracdo central de VIP sobre a
ingestdo alimentar e parametros plasmaticos (glicose, acidos graxos livres e

corticosterona).
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4 METODOLOGIA

4.1 Animais

Foram utilizados ratos Wistar (n = 354; 260-280 g), provenientes do Biotério
Central da Universidade Estadual de Londrina (UEL) e mantidos no biotério setorial do
Departamento de Ciéncias Fisiologicas (CIF), com ambiente de luz (ciclo 12 h
claro/escuro) e temperatura (23 + 2 °C) controladas, e agua e alimentacao a vontade.
Os animais passaram por um periodo de aclimatacdo de no minimo 48 h anterior ao
inicio dos experimentos. Todos os experimentos foram realizados no Laboratério de
Fisiologia Neuroenddcrina e Metabolismo (LaFiNeM) do CIF/UEL entre 7 h e 12 h, para
minimizar qualquer influéncia do ritmo circadiano. Os protocolos experimentais foram
aprovados pela Comissdo de Etica no Uso de Animais da Universidade Estadual de
Londrina (CEUA/UEL), processos n° 4929.2015.80 (OF. N° 135/2015) e n°
14371.2017.44 (OF. N° 08/2018) (Anexo A).

4.2 Drogas utilizadas

As drogas microinjetadas foram:

- VIP (Sigma Co., CA) na dose de 40 ng/g de peso corpéreo em 6 pL e salina esteéril
(NaCl 0,9%, 6 uL) como veiculo. A dose escolhida para a microinjecdo de VIP foi
baseada em diferentes trabalhos da literatura (ALEXANDER; SANDER, 1994;
GHOURAB et al., 2011; MARTINS et al., 2018; TACHIBANA et al., 2003);

- corticosterona (Sigma Co., CA), na dose de 25 mg/L diluida em etanol 0,5% (UCHOA
et al., 2010), ofertada como Unica fonte de liquido aos animais ADX;

- antalarmina (ANT, Sigma Co., CA), antagonista de CRFR1, na dose de 0,25 ugem 5
uL (CHOTIWAT; HARRIS, 2008; ZORRILLA et al., 2002) ou veiculo (NaCl 0,9%/alcool
absoluto/SDS/DMSO, 5 puL);
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- antisauvagina-30 (antisauvagine-30, AS30, Peninsula/Bachem), antagonista de
CRFR2, na dose de 5 ug em 5 pL (UCHOA et al., 2010) ou veiculo (NaCl 0,9%, 5 uL).

4.3 Protocolos experimentais

Todos os animais foram submetidos a estereotaxia. Nos protocolos 1, 2, 3 a
seguir, os animais também foram submetidos a cirurgia de adrenalectomia bilateral
(ADX) ou cirurgia ficticia (Sham), e apods foram mantidos em caixas individuais

constituindo os seguintes grupos experimentais:

- Grupo Sham: ratos mantidos com acesso livre a agua contendo etanol 0,5%, como

Unica fonte de liquido;

- Grupo ADX: ratos adrenalectomizados bilateralmente (ADX) e mantidos com acesso

a solucao de NaCl 0,9% contendo etanol 0,5%, como Unica fonte de liquido;

- Grupo ADX+CORT: ratos adrenalectomizados (ADX) bilateralmente e mantidos com

acesso a solucao de NaCl 0,9%, contendo corticosterona (CORT, 25 mg/L) diluida em

etanol 0,5%, como Unica fonte de liquido.

Apoés 6 dias de recuperacao dos procedimentos cirargicos, a racéo foi retirada,

sempre as 16 horas, e, no dia seguinte, foram realizados os testes experimentais.

4.3.1 Experimento 1: efeitos da microinjecédo de VIP na ingestao alimentar em animais
Sham, ADX e ADX+CORT
Os animais receberam microinjecéo ICV de VIP ou salina; ap6s 15 min, tiveram

acesso a racao (50 g), sendo a ingestao alimentar quantificada (g/100 g de peso

corporeo) apos 120 min.

4.3.2 Experimento 2: efeitos da microinjecdo de VIP nos parametros plasméaticos de
animais Sham, ADX e ADX+CORT
Os animais receberam microinjecao ICV de VIP ou salina. Apés 15 min, foram

eutanasiados, por decapitacdo e o sangue coletado em tubos heparinizados e
centrifugado por 20 min a 14.000 x g. O plasma obtido foi armazenado a -20 °C e utilizado

para dosagens bioquimicas de glicose, corticosterona e acidos graxos livres.
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4.3.3 Experimento 3: efeitos da ADX e reposi¢cao de glicocorticoide na expressao de
RNAmM de VPAC2 no LHA, PVN e ARC
Os animais receberam microinjecdo ICV de salina. Apés 15 min, os animais foram

eutanasiados por decapitacdo e o0s cérebros, sob condicbes que evitassem
contaminacgdao, foram rapidamente coletados e imediatamente congelados em gelo seco
e armazenados em freezer -80 °C para determinacdo da concentracdo de RNAm de
VPAC2 no LHA, ARC e PVN por reacdo em cadeia da polimerase (PCR) em tempo real
(UCHOA et al., 2012).

4.3.4 Experimento 4: efeitos da microinjecdo de VIP na ativacdo neuronal do PVN
Os animais receberam microinjecao ICV de VIP ou salina e, apos 90 min, foram

perfundidos para obtencdo do tecido neural e posterior realizacdo dos procedimentos
imuno-histoquimicos (HOFFMANN; SMITH; VERBALIS, 1993).

4.3.5 Experimento 5: efeitos da microinjecéo de VIP na expressdo de RNAm de CRF no
PVN
Os animais receberam microinjecdo ICV de VIP ou salina. Apés 60 min, os

animais foram eutanasiados por decapitacdo e o0s cérebros, sob condi¢cdes que
evitassem contaminacéao, foram rapidamente coletados e imediatamente congelados em
gelo seco e armazenados em freezer -80 °C para determinacdo da concentracdo de
RNAmM de CRF no PVN por PCR em tempo real (BREDOW et al., 1994).

4.3.6 Experimento 6: efeitos do pré-tratamento com antagonista de CRFR1 e CRFR2 na
ingestao alimentar em resposta a microinjecao de VIP
Os animais foram organizados em dois grupos: o primeiro recebeu microinjecéo

ICV do antagonista de CRFR1, ANT ou veiculo, e o segundo recebeu microinje¢ao ICV
do antagonista de CRFR2, AS30 ou veiculo. Apds 15 min, os animais de ambos os
grupos receberam microinjecdo ICV de VIP ou salina. Apés 15 min da segunda
microinjecao, todos 0s animais tiveram acesso a racao (50 g) e a ingestdo alimentar foi
quantificada (g/100 g de peso corporeo) apés 120 min.

4.3.7 Experimento 7: efeitos do pré-tratamento com antagonista de CRFR1 e CRFR2
nos parametros plasméaticos em resposta a microinje¢édo de VIP
Os animais foram organizados em dois grupos: o primeiro recebeu microinjecao

ICV do antagonista de CRFR1, ANT ou veiculo, e o segundo recebeu microinjecao ICV
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do antagonista de CRFR2, AS30 ou veiculo. Apos 15 min, os animais de ambos o0s
grupos receberam microinjecdo ICV de VIP ou salina. Apés 15 min da segunda
microinjecdo, todos os animais foram eutanasiados por decapitacdo e o sangue foi
coletado em tubos heparinizados e centrifugado por 20 min a 14000 x g. O plasma obtido
foi armazenado a -20 °C e utlizado para dosagens bioquimicas de glicose,

corticosterona e acidos graxos livres.

4.4 Adrenalectomia bilateral

Os animais, anestesiados com injecdo de K+X (K, ketamina 10%; 100 mg/kg,
Agener Unido + X, hidrocloreto de xylazina 2%; 20 mg/kg, Anasedan®, Vertbrands,
Jacarei, Brasil), via intraperitoneal, foram submetidos a tricotomia da regido dorsal, para
a realizacdo da adrenalectomia bilateral (ADX) ou adrenalectomia ficticia (Sham). Foi
realizada uma incisdo dorsal na linha mediana da pele, tendo como referéncia o angulo
entre a Uultima costela e a coluna vertebral. Apds visualizagdo, os musculos
paravertebrais foram seccionados e os 6rgaos abdominais identificados. No grupo de
animais adrenalectomizados, com o auxilio de uma pinca, a gordura perirrenal foi
exteriorizada e seccionada juntamente com a adrenal. O mesmo procedimento foi
realizado para a glandula adrenal contra-lateral. ApOs a sutura, 0s animais receberam
uma dose profilatica de antibiotico (50.000 unidades de penicilina G; 0,1 mL por 100 g
de peso corporeo, por via intramuscular) e paracetamol (200 mg/mL; dose de 200 mg/kg
de peso corpdreo, por via oral). Durante todo o periodo experimental posterior a cirurgia,
0s animais ADX receberam salina 0,9% com etanol 0,5%, sem glicocorticoide (ADX) ou
com glicocorticoide (corticosterona, Sigma Co., CA) na concentracdo de 25 mg/dL
(ADX+CORT). O grupo Sham foi submetido a procedimento cirargico similar, porém as
glandulas adrenais ndo foram removidas, apenas foi introduzida pin¢a nédo cortante na
cavidade e, em seguida, a incisdo cirurgica foi suturada. Esse grupo recebeu, para
beber, agua de torneira com etanol 0,5%. Para garantir a efetividade da cirurgia e da
reposicdo de glicocorticoide, a concentracdo plasmatica de corticosterona foi

determinada pelo método fluorimétrico de Guillemin e colaboradores (1959).
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4.5 Cirurgia intracerebroventricular

Apoés periodo de adaptacdo, de ao menos 48 h no Biotério Setorial do CIF, os
animais foram anestesiados com uma associacdo de K+X. Por estereotaxia unilateral
(David Kopf Instruments, modelo 900), foi implantada uma canula-guia de aco inoxidavel
(0,7 mm diametro externo, 0,4 mm diametro interno e 10 mm comprimento) no ventriculo
lateral direito (AP =- 0,8 mm; H = 3,6 mm; L = 1,5 mm; utilizando-se como referéncias o
Bregma, a calota craniana e a sutura sagital, respectivamente), segundo coordenadas
do atlas de Paxinos e Watson (1997). Para fixacado da canula na posicao adequada, foi
utilizado acrilico autopolimerizavel (Simplex®) sobre a calota craniana, na qual foram
fixados dois parafusos metdlicos para assegurar a adesao do polimero ao o0sso. O
critério para a verificacdo da posicao da canula no ventriculo lateral foi o influxo de salina
(NaCl 0,9%) por meio de uma coluna de salina, durante a cirurgia de implantacdo da
canula. Apés o procedimento cirdrgico, foi mantido um mandril de aco dentro da canula
implantada, para evitar a obstrucdo de sua luz por detritos, exceto durante as
microinjecdes. Ao término da cirurgia, 0os animais receberam uma dose profilatica de
antibidtico (50.000 unidades de penicilina G; 0,1 mL por 100 g de peso corporeo, por via
intramuscular) e paracetamol (200 mg/mL; dose de 200 mg/kg de peso corpéreo, por via
oral). Os animais foram mantidos em gaiolas coletivas com no maximo trés animais, para
melhor recuperacdo do procedimento cirdrgico. Trés dias antes do experimento, 0s
animais foram colocados em gaiolas metabolicas individuais, para adaptacdo, e com
livre acesso a ingestdo de fluidos e alimentacdo. O posicionamento da canula foi
confirmado por meio de secc¢des do cérebro em criostato (Leica) ao final do experimento
em todos os grupos, sendo somente considerados os animais cuja implantag&o foi na

area desejada.

4.6 Microinjecéo

As drogas microinjetadas foram preparadas imediatamente antes da

microinjecdo. A microinjecdo ICV foi realizada com o auxilio de microseringa Hamilton

de 10 pL, acoplada a microagulha que foi introduzida na canula-guia.
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4.7 Perfuséo e preparacéo do tecido

Os animais foram anestesiados com injecdo intraperitoneal de K+X e, apés o
desaparecimento dos reflexos raqui-medulares, foram submetidos a perfusdo do SNC.
A perfusao transcardiaca iniciou-se com a infusédo de 200 mL de solu¢éo salina isotnica
(NaCl 0,15 M) com heparina (diluicdo 1:80) seguida pela infusdo de 400 mL de
paraformoldeido 4% em tampé&o fosfato 0,1 M (TP, pH 7,4), utilizando bomba peristaltica
(Razel Syringe Pump) com velocidade de infusdo de 10 mL/min. O cérebro foi removido
e pos-fixado em paraformoldeido 4% por 1 h, e entdo estocado em solucdo de sacarose

30% com TP 0,1M a 4 °C para a realizacdo dos procedimentos imuno-histoquimicos.

4.8 Microdisseccéo, isolamento do RNA total e PCR em tempo real quantitativa

Os cérebros foram removidos e estocados em freezer -80 °C até a microdissec¢ao
dos nucleos de interesse, pela técnica de Palkovits (1973). Apos obter seccdes coronais
de 1200 um em criostato (Leica), segundo as coordenadas do atlas de Paxinos e Watson
(1997), sendo de -0,92 a -2,12 para o PVN e de -2,12 a -3,32 para LHA e ARC, em
relacdo ao bregma, amostras dos tecidos de LHA, ARC e PVN foram obtidas usando
uma agulha de ago, com 1,5 mm de didmetro, para “punch” (microdisseccdo). O RNA
total foi extraido de cada amostra, relativa a &rea hipotalamica microdissecada,
utilizando-se o reagente Trizol (Invitrogen®, Nova Zelandia). A concentracdo de RNA em
cada amostra foi determinada utilizando um leitor de microplaca de multi-detec¢éo
(Synergy HT, BioTek), e 500 ng de RNA foi utilizado para a sintese de DNA
complementar (cDNA) por kit comercial (High-Capacity cDNA Reverse Transcription,
Applied Biosystems, USA). O cDNA obtido foi utilizado para as reagbes de PCR em
tempo real quantitativa (Applied Biosystems 7500, USA). Foram utilizadas sondas para
a expressao do gene de VPAC2 (Rn 00568267 _m1) e de CRF (Rn 01462137 _m1). As
reacoes foram realizadas em volume de 12 pyL (4 pL de cDNA), utilizando reagentes
TagMan® (Applied Biosystems, USA). Cada reacéo de PCR foi realizada em duplicata,
sendo a agua o controle negativo. A beta-actina foi utilizada como gene de referéncia
(controle enddgeno), o qual ocorreu com cada amostra de cDNA. A determinacdo das
concentracdes de genes transcritos em cada amostra foi obtida pelo método AACT. Para
cada amostra, o ciclo limiar (Ct) foi determinado e normalizado com a média do gene de

referéncia (ACt=Ctamostra—Clgenedereferencia). A variacdo da expressdo de RNAmM nas
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amostras em relacdo ao grupo controle foi calculada como 2724¢t em que
AACt=ACtamostra—ACltcontrole (LIVAK; SCHMITTGEN, 2001). O resultado obtido representa

a expressao relativa de RNAm do gene de interesse.

4.9 Imuno-histoquimica

Os tecidos cerebrais foram seccionados em cortes de 30 um de espessura
utilizando-se um criostato (Leica), colocados em TP e armazenados em solugéo
crioprotetora a -20 °C. Os cortes foram processados para imunoreatividade ao FRA (Fos-
related antigens). Primeiramente, os cortes foram colocados em solugcdo H202 (0,3%)
para blogueio da peroxidase endogena, e albumina bovina 5% para bloqueio das
ligacBes inespecificas. Apds, os cortes foram incubados por 48 h a 4 °C com anticorpo
anti-FRA (K25, Santa Cruz) com diluicdo 1:2000 em TP 0,1 M contendo soro normal de
cabra 1,5% e Triton 0,3%. Os cortes foram lavados com TP 0,01 M e incubados com
marcador biotinilado imunoglobulina anti-coelho (Vector Inc., Ca, USA, diluicdo 1:200 em
TP e soro de cabra 1,5%) e apds com o complexo avidina-biotina-peroxidase
(Vectastain, 1:200 em TP), por 1 h cada em temperatura ambiente. Posteriormente, para
visualizacao da expresséo de FRA, foi utilizado diaminobenzidina (DAB, Sigma CO., Ca,
USA, 0,01%) e intensificado com cloreto de niquel 1% como cromdgenos, cuja reacao
confere ao nucleo das células uma coloracdo de violeta escuro a preto. Em seguida, os
cortes foram montados em laminas gelatinizadas e deixadas para secar por uma noite,

desidratadas em xilol e colocada laminula com Ethelan (New Jersey, USA).
4.10 Ingestdo alimentar e peso corpéreo

O peso corporeo dos animais foi avaliado no dia do experimento e expresso em
gramas. Os animais receberam racdo para roedores (50 g, Nuvilab CR1, Nuvital®) e as
sobras foram determinadas apés 120 min da oferta, para célculo da ingestdo alimentar,
expressa em g/100 g de peso corporeo.

4.11 Dosagens plasmaticas

Espectrofotometria foi utilizada para as determinacbes das concentracdes

plasmaticas de glicose, baseada na reacao da peroxidase (TRINDER, 1969), usando kit
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comercial de glicose (BioLiquid Laborclin, PR, Brazil), e de acidos graxos livres pelo
método modificado de Falholt e colaboradores (1973) e fluorimetria para determinacéo
da concentracdo de corticosterona plasmatica pelo método modificado de Guillemin e
colaboradores (1959).

4.12 Analise estatistica

Para andlise estatistica, os dados foram testados quanto a distribuicdo normal e
homogeneidade de variancia. Foi utilizado teste t de Student, para comparacéo entre
dois grupos, e analise de variancia (ANOVA) one-way Anova, para analise dos
experimentos com uma variavel e two-way Anova, para analise dos experimentos com
duas variaveis, seguido de teste de Student Newman-Keuls (SNK). Os dados foram

expressos como meédia £ EPM, considerando-se como nivel de significancia p<0,05.
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5 RESULTADOS

5.1 Parte | - Experimentos 1,2 e 3

5.1.1 Experimento 1: efeitos da microinjecdo de VIP na ingestao alimentar em animais
Sham, ADX e ADX+CORT

No grupo Sham, o tratamento com VIP promoveu uma reducéo (F(5,62) = 15,08;
p<0,001) de aproximadamente 60% na ingestao alimentar, quando comparado com o
tratamento com Salina, a ingestao alimentar dos animais tratados com VIP né&o foi
diferente do tratamento com Salina nos grupos ADX e ADX+CORT. Avaliando os
animais tratados com Salina, o grupo ADX apresentou reducao (F(5,62) = 3,60; p=0,04)
na ingestdo alimentar, quando comparado com o grupo Sham, enquanto a ingestéo
alimentar do grupo ADX+CORT néo diferiu em relacédo aos grupos Sham e ADX (figura
1). Em animais tratados com o VIP, ndo houve diferenca entre os trés grupos

experimentais.
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Figura 1. Ingestédo alimentar (g/100 g peso corpo6reo) por 120 min dos grupos
Sham, ADX e ADX+CORT, ap0s microinjecédo ICV de salina (NaCl 0,9%, 6
uL) ou peptideo intestinal vasoativo (VIP, 40 ng/g peso corpéreo, 6 pL).
Valores expressos como média + EPM (n= 9-13 ratos/grupo). *p<0,001 vs.
respectivo grupo Salina. #p=0,04 vs. grupo Sham/Salina.
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5.1.2 Experimento 2: efeitos da microinjecdo de VIP nos parametros plasmaticos de
animais Sham, ADX e ADX+CORT
O tratamento com VIP aumentou (F(5,56) = 85,78; p<0,001) as concentragdes

plasmaticas de corticosterona no grupo Sham, quando comparado com seu respectivo
grupo Salina. Entretanto, no grupo ADX+CORT, o VIP diminuiu as concentracdes
plasméticas de corticosterona. Nos animais tratados com Salina ou VIP, as
concentracdes plasmaticas de corticosterona foram maiores no grupo Sham do que no
grupo ADX+CORT. O grupo ADX ndo apresentou concentracdes detectaveis de
corticosterona plasmética (figura 2A), confirmando a eficacia da cirurgia.

A microinjecdo de VIP induziu aumento (F(5,56) = 30,20; p<0,001) nas
concentracdes plasmaticas de glicose (figura 2B) no grupo Sham, quando comparado
com a microinjecdo de Salina, ao passo que o tratamento com o VIP n&o promoveu
nenhuma alteracdo nos grupos ADX e ADX+CORT. Nos grupos ADX, os animais
tratados com Salina ou VIP apresentaram concentracfes plasmaticas de glicose
menores (p<0.001) do que o grupo ADX+CORT, e ambos o0s grupos ADX e ADX+CORT
microinjetados com VIP tiveram reducao (p<0,05) da glicemia, quando comparados com
0 grupo Sham.

As concentracdes plasmaticas de acidos graxos livres (figura 2C) diminuiram
(F(5,56) = 6,31; p=0,004) com a microinjecao de VIP no grupo Sham. Porém, nos grupos
ADX e ADX+CORT, nao houve diferenca entre os tratamentos com Salina e VIP. A ADX
reduziu (F(5,56) = 3,22; p<0,05) a concentragdo de &cidos graxos livres no plasma dos
animais microinjetados com Salina, ndo sendo observada diferenga entre os animais

microinjetados com VIP nos grupos Sham, ADX e ADX+CORT.

5.1.3 Experimento 3: efeitos da ADX e reposi¢cao de glicocorticoide na expressao de
RNAmM de VPAC2 no LHA, PVN e ARC

Os grupos ADX e ADX+CORT apresentaram reducéo na expressao de RNAm de
VPAC2 no LHA (F(2,31) = 7,8; p = 0,002) e ARC (F(2,31) = 5,6; p= 0,008) quando
comparado com o grupo Sham (figura 3A e 3B, respectivamente). No PVN, n&do houve
diferenca entre os grupos Sham, ADX e ADX+CORT (figura 3C).
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Figura 2. Concentracdo plasmatica de: (A) corticosterona (ug/dL), (B) glicose
(md/dL) e (C) acidos graxos livres (umoles/dL) dos grupos Sham, ADX e
ADX+CORT, ap6s microinjecao ICV de salina (NaCl 0,9%, 6 uL) ou peptideo
intestinal vasoativo (VIP, 40 ng/g peso corporeo, 6 uL). Valores expressos
como média + EPM (n= 8-13 ratos/grupo). *p<0,001 vs. respectivo grupo
Salina. #p<0,05 vs. respectivo Sham. +p<0,001 vs. respectivo ADX+CORT.
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Figura 3. Expresséao relativa de RNAmM do receptor do tipo 2 de VIP (VPAC?2)
em: (A) area hipotalamica lateral (LHA), (B) nucleo arqueado do hipotadlamo
(ARC), (C) nucleo paraventricular do hipotalamo (PVN), dos grupos Sham,
ADX e ADX+CORT tratados com microinjecao ICV de salina (NaCl 0,9%, 6
uL). Valores expressos como média £ EPM (n= 9-13 ratos/grupo). *p<0,05 vs.
grupo Sham. **p=0,008 vs. grupo Sham.
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5.2 Parte Il - Experimentos 4,5,6e 7

5.2.1 Experimento 4: efeitos da microinjecéo de VIP na ativacdo neuronal do PVN

A microinjecdo de VIP promoveu aumento (p<0,05) no nimero de neurdnios
imunorreativos ao FRA, em todas as areas do PVN, quando comparados com o grupo
Salina; sendo esse aumento de 130% no PamP, 205% no PaV e 136% no PaPo (figura
4). Fotomicrografias representativas da expressao de FRA no PVN sdo mostradas na
figura 5.
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Figura 4. NUomero de neurbnios imunorreativos aos antigenos relacionados
ao Fos (FRA) nas subdivisdes parvocelular medial (PaMP - 5000 mm?),
parvocelular ventral (PaV - 3000 mm?) e parvocelular posterior (PaPo - 8000
mm2) do nucleo para ventricular do hipotalamo (PVN) de animais tratados com
microinjecao ICV de salina (NaCl 0,9%, 6 uL) ou peptideo intestinal vasoativo
(VIP, 40 ng/g peso corporeo, 6 pL). Valores expressos como média + EPM
(n= 11-12 ratos/grupo). *p<0,05 vs. grupo Salina.
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Salina

Figura 5. Fotomicrografias representativas (ampliacdo de 40x) de cortes
coronais mostrando imunorreatividade ao FRA, nas subdivisées do nuacleo
paraventricular do hipotalamo (PVN) de animais tratados com microinjecao ICV
de Salina (NaCl 0,9%, 6 uL) ou peptideo intestinal vasoativo (VIP, 40 ng/g peso
corpoéreo, 6 uL). (A): regido parvocelular medial (PaMP) e parvocelular ventral
(PaV) do PVN; (B): regiao parvocelular posterior (PaPo) do PVN. Cada imagem
menor apresenta a area em que a fotomicrografia foi tirada com ampliagdo de
10x.

5.2.2 Experimento 5: efeitos da microinjecéo de VIP na expressdo de RNAm de CRF no
PVN

Os animais tratados com VIP mostraram aumento (p<0,05) de 44% na expressao
de RNAmM de CRF no PVN quando comparados com o grupo Salina (figura 6).



33

[ salina

I Vvir
*

2.0 1

1.5

1.0

0.5

0.0

Expressdo de RNAm de CRF
no PVN (unidades arbitrarias)

Figura 6. Expresséo relativa de RNAmM de CRF no PVN de animais tratados
com microinje¢do ICV de salina (NaCl 0,9%, 6 uL) ou peptideo intestinal
vasoativo (VIP, 40 ng/g peso corporeo, 6 uL). Valores expressos como média
+ EPM (n= 8-10 ratos/grupo). *p<0,05 vs. grupo Salina.

5.2.3 Experimento 6: efeitos do pré-tratamento com antagonista de CRFR1 e CRFR2 na
ingestao alimentar em resposta a microinjecao de VIP

Os animais Veiculo microinjetados com VIP apresentaram reducéo (F(3,50) =
32,65; p<0,001) de aproximadamente 50% na ingestéo alimentar, em compara¢ao com
0 grupo microinjetado com Salina (figura 7A). Por outro lado, apds a microinjecdo de
ANT (antagonista de CRFR1), a ingestdo alimentar dos animais tratados com VIP n&o
diferiu da do grupo Salina, e foi maior (F(3,50) = 9,1; p=0,004) que a do grupo Veiculo
microinjetado com VIP, notando-se atenuacéo de 59% na inibicdo da ingestéao alimentar
induzida pelo VIP.

Diferentemente, nos animais pré-tratados com AS30 microinjetados com VIP,
observou-se diminuicao (F(3,45) = 7,54; p=0,009) da ingestédo alimentar em relacdo aos
animais AS30 microinjetados com Salina, porém maior ingestao alimentar (p<0,05) do
que no grupo Veiculo microinjetado com VIP. AS30 atenuou em 52% a inibicdo da

ingestéo alimentar induzida pelo VIP (figura 7B).
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Figura 7. Ingestéo alimentar (g/100 g peso corporeo) por 120 min apds microinjecéo ICV
de salina (NaCl 0,9%, 6 uL) ou peptideo intestinal vasoativo (VIP, 40 ng/g peso corporeo,
6 uL) em animais pré-tratados com microinjecdo ICV de: (A) veiculo ou antalarmina
(ANT; 0,25 ug em 5 uL), (B) veiculo ou antisauvagina-30 (AS30; 5 ug em 5 ulL). Valores
expressos como meédia + EPM (n= 10-16 ratos/grupo). *p<0,05 vs. respectivo grupo
Salina. #p<0,05 vs. grupo Veiculo/VIP.

5.2.4 Experimento 7: efeitos do pré-tratamento com antagonista de CRFR1 e CRFR2
nos parametros plasméaticos em resposta a microinjecédo de VIP

Em animais pré-tratados com Veiculo, as concentracbes plasmaticas de
corticosterona apresentaram aumento (F(3,41) = 7,47; p=0,01), ap0s a microinjecdo de
VIP quando comparada com a microinjecdo de Salina. Entretanto, no pré-tratamento
com ANT, ndo houve diferenca nas concentragfes de corticosterona entre 0s grupos
microinjetados com Salina e VIP, e ndo houve diferenca entre os grupos ANT e Veiculo
microinjetados com VIP. Em relacdo ao pré-tratamento com AS30, de maneira similar,
ndo houve diferenga entre as concentracdes plasméticas de corticosterona entre 0s
grupos Salina e VIP, porém o pré-tratamento com AS30 reduziu (F(3,41) = 7,47; p<0,05)
este parametro nos animais tratados com VIP quando comparados com o grupo Veiculo

microinjetados com VIP (figuras 8A e 8B).
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Figura 8. Concentracdo plasmatica de: (A e B) corticosterona (ug/dL), (C e D) glicose
(md/dL), e (E e F) acidos graxos livres (umoles/dL), de animais apos microinjecéo ICV
de salina (NaCl 0,9%, 6 uL) ou peptideo intestinal vasoativo (VIP, 40 ng/g peso corporeo,
6 uL) em animais pré-tratados com microinjecdo ICV de veiculo ou antalarmina (ANT;
0,25 ng em 5 pl) ou antisauvagina-30 (AS30; 5 ug em 5 ulL). Valores expressos como
média + EPM (n= 10-16 ratos/grupo). *p<0,05 vs. respectivo grupo Salina. #p<0,05 vs.

grupo Veiculo/VIP.
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Os animais que receberam a microinjecdo de VIP e foram pré-tratados com
Veiculo apresentaram aumento (F(3,41) = 53,0; p<0,001) nas concentracdes
plasmaticas de glicose (figura 8C e 8D), quando comparados com o tratamento com
Salina. Da mesma maneira, apos o pré-tratamento com a ANT, a microinjecao de VIP
promoveu elevacao (p<0,001) nas concentracdes plasmaticas de glicose nédo diferindo
do grupo Veiculo microinjetado com VIP. No pré-tratamento com AS30, 0os animais
tratados com VIP também apresentaram aumento (F(3,43) = 129,3; p<0,001) nas
concentragcbes plasméticas de glicose, quando comparados com o tratamento com
Salina. Contudo, AS30 reduziu (F(3,43) = 6,8; p=0,012) a glicose plasmética, em
comparacao com a do Veiculo nos grupos tratados com o VIP.

Nos grupos pré-tratados com Veiculo, a microinjecdo de VIP diminuiu (F(3,41) =
5,62; p<0.02) as concentracbes de &cidos graxos livres (figura 8E e 8F) quando
comparado com o grupo Salina. Porém, em animais pré-tratados com ANT e AS30 néo
houve diferenca nas concentracfes plasmaticas de acidos graxos livres entre os
tratamentos Salina e VIP. Também néo foi observada diferenca em relagdo ao Veiculo

e ANT ou AS30 nos grupos tratados com VIP.
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6 DISCUSSAO

Este estudo procurou compreender os mecanismos envolvidos com os efeitos do
VIP sobre a homeostase energética. O VIP é reconhecido por ser um importante sinal
anorexigeno, o qual inibe a ingestao alimentar em diferentes espécies (ALMEIDA et al.,
2002; TACHIBANA et al.,, 2003; MATSUDA et al.,, 2005; GHOURAB et al., 2011;
MARTINS et al., 2018). Sabe-se que a microinjecao ICV de VIP promove aumento nas
concentracdes plasmaticas de glicose (GHOURAB et al., 2011), ACTH e corticosterona
plasmatica (ALEXANDER; SANDER, 1994). Estes efeitos sdo decorrentes da
estimulacao de neurdnios CRF pelo VIP e de sua acao no eixo HPA (WANG et al., 1998).

Para elucidar a participacado do VIP na regulacdo do eixo HPA, primeiramente,
foram avaliados os efeitos da remocdo dos glicocorticoides nas alteracdes induzidas
pelo VIP, sendo utilizados animais adrenalectomizados com e sem reposicdo de
corticosterona. A hipofagia promovida pelo VIP, apds microinjecdo no ventriculo lateral
de animais do grupo Sham, confirma o seu efeito anorexigeno (MARTINS et al., 2018).
Entretanto, nos grupos ADX e ADX+CORT, o tratamento com VIP n&o promoveu
qualquer efeito na ingestédo alimentar. A reducéo da ingestédo alimentar apés a ADX em
animais tratados com salina confirma o conhecido efeito da ADX em diminuir a ingestao
alimentar e o peso corpéreo (UCHOA et al., 2009a, 2010), efeito mediado pelo aumento
da expressdo de RNAmM de CRF no PVN, devido a auséncia de retroalimentacéo
negativa dos glicocorticoides neste nucleo hipotalamico, assim como, pelo aumento da
expressao de RNAm de OT no PVN (BEYER; MATTA; SHARP, 1988; UCHOA et al.,
2009b, UCHOA et al., 2010). A ADX também esta associada com a reducdo da
expressédo de NPY e AgRP no ARC (UCHOA et al., 2012). Além disso, Alexander e
Sander (1995a) observaram que a microinjecéo de VIP no PVN estimula a secrecdo de
ACTH e corticosterona e o pré-tratamento com antagonista inespecifico de CRF inibe
estas respostas. A hipofagia induzida pelo VIP ainda pode ser mediada pela estimulagao
da melanocortina hipotalamica (GHOURAB et al., 2011), enquanto o efeito
anorexigénico da ADX ndo esta associado a aumento da pré-opiomelanocortina (POMC)
no ARC. Foi demonstrado que ADX reduz a expressdao de RNAmM de POMC
(SAVONTAUS; CONWELL; WARDLAW, 2002; UCHOA et al., 2012). Dessa maneira,
sugere-se que a falta da resposta anorexigénica de VIP, apos a ADX, pode ser devido a

estes efeitos opostos do VIP e ADX em neurbnios POMC no ARC, considerando que
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VIP deveria recrutar o sistema de melanocortinas, o qual esta reduzido em consequéncia
da ADX.

A reposicao com glicocorticoides foi efetiva para restaurar a ingestao alimentar
em animais ADX a valores semelhantes aos animais Sham, entretanto, o tratamento
com VIP ndo reduziu a ingestdo alimentar em animais ADX com reposicdo de
glicocorticoides, demonstrando que suas a¢des dependem da presenca das glandulas
adrenais intactas e ndo apenas da presenca dos glicocorticoides. Na verdade, os
mineralocorticoides, outra classe de hormoénios produzidos e secretados pelas glandulas
adrenais, também podem ser necessarios para as respostas de VIP, pois a reposicao
com aldosterona + corticosterona em ratos ADX foi mais efetiva em aumentar a ingestao
alimentar e peso corporeo do que apenas a reposicdo com corticosterona
(DEVENPORT; TORRES; MURRAY, 1983; DEVENPORT; HOPKINS, 1985).

Em relagdo aos parametros plasméticos, em animais Sham, foi observado
aumento das concentracdes plasmaticas de corticosterona apds a microinjecéo ICV de
VIP, o que corrobora dados obtidos por Alexander e Sander (1994), que demonstraram
aumento da corticosterona plasmatica apds microinjecdo de VIP no PVN de ratos. Em
galinaceos, a microinje¢do de VIP no ventriculo lateral também promoveu aumento
significativo nas concentracdes plasmaticas de corticosterona (KHAN et al., 2013). Além
disso, também foi observado que a microinjecéo central de VIP promoveu aumento de
corticosterona sugerindo que a acdo do VIP seja central, por meio de neurénios CRF,
pois injecdo intraperitoneal de VIP ndo promoveu aumento das concentragdes
plasmaticas de corticosterona (ITOH; HIROTA; KATSUURA, 1982; NAGAI et al., 1994).
Em ratos adrenalectomizados, com e sem reposi¢ao de corticosterona, observou-se que
0os animais ADX com reposicdo de glicocorticoides apresentaram concentracoes
plasmaticas de corticosterona maiores que do grupo ADX, porém valores menores de
corticosterona circulante do que os animais Sham. As concentracdes plasmaticas de
corticosterona possuem uma variacao circadiana, e a reposi¢do na agua para beber faz
com que haja um aumento na corticosterona plasmatica no periodo noturno, apés as
luzes desligarem, fase que corresponde ao periodo de alimentacdo, o que pode ser
benéfico no controle da atividade do eixo HPA (UCHOA et al., 2009b; UCHOA et al.,
2010). Por outro lado, devido ao jejum anterior ao experimento e a provavel diminuicdo
na ingestao de fluidos durante este periodo, observou-se uma redugéo na concentracao
de corticosterona plasmatica nos animais com reposicéo de glicocorticoide, em relacéo

aos animais Sham.
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A microinjecdo de VIP aumentou as concentracdes de glicose plasmatica no
grupo Sham, um efeito reconhecido em estudos prévios (NAGAI et al., 1994; MARTINS
et al., 2018). Porém, a adrenalectomia foi capaz de prevenir o aumento da glicemia
induzido pelo VIP. Inclusive, menor concentracdo plasméatica de glicose apdés a ADX
demonstra a importancia das glandulas adrenais no controle da glicemia (KAWAI;
KUZUYA, 1977; KUO et al., 2015). Martins e colaboradores (2018) demonstraram que o
pré-tratamento com o antagonista do receptor de OT reduziu o aumento das
concentracfes plasmaticas de glicose induzido pelo VIP, sugerindo que os efeitos de
VIP também podem estar relacionados a uma ativacdo simpatica mediada por vias do
PVN, onde o controle do eixo hipofise-adrenal e de neurénios ocitocinérgicos pelo PVN
contribuem com a regulacdo da atividade simpéatica (YEE et al., 2016; NUNN et al.,
2011). Dessa maneira, a falta de acdo do VIP em aumentar a glicemia apés a ADX
reforca que os glicocorticoides e a ativacdo simpatica sdo necessarios na regulacao
desse parametro (KADEKARO; ITO; GROSS, 1988; PAQUOT et al., 1995).

A microinjecdo de VIP também promoveu diminuicdo da concentracdo plasmatica
de acidos graxos livres, corroborando resultados de Martins e colaboradores (2018), mas
nao de Richter e colaboradores (1989), que verificaram aumento da liberacdo de acidos
graxos livres pelo VIP, porém em experimento com tecido adiposo humano in vitro. A
ADX atenuou a diminuigdo de acidos graxos livres plasmaticos induzida pelo VIP, pois a
microinjecao de VIP nao alterou esta parametro em animais ADX com ou sem reposi¢cao
de corticosterona. Reducédo das concentracdes circulantes de acidos graxos livres apos
a ADX esta em acordo com estudos prévios da literatura, que mostraram a importancia
dos glicocorticoides para a mobilizacdo desse substrato energético (HO; MENG, 1964;
KIBENGE; CHAN, 2001). Assim, a auséncia de reducdo na concentracdo de acidos
graxos livres plasmaticos, induzida pelo VIP em ratos ADX, pode ser porque a
microinjecdo de VIP nado foi capaz de potencializar a reducdo nas concentracdes
plasmaticas de acidos graxos livres induzidas pela ADX.

O presente estudo mostra que a ADX promove diminuicdo da expressao de
RNAmM de VPAC2 no ARC e no LHA. O receptor VPAC2 possui alta afinidade pelo VIP
e pelo polipeptideo ativador da adenilato ciclase hipofisaria e esta extensivamente
distribuido no hipotalamo e expresso em diferentes nucleos (MASUO et al., 1992;
SARRIEAU et al., 1994; VAUDRY et al., 2009). Foi demonstrado que o RNAmM de VPAC2
€ expresso em neurbnios NPY (MOUNIEN et al., 2006a) e POMC (MOUNIEN et al.,
2006b) do ARC. A modulacédo dos glicocorticoides na expressao de VPAC?2 observada
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neste estudo corrobora o trabalho de Wiik (1991), o qual demonstrou aumento no
namero de sitios de ligacdo para VIP em leucdécitos ap0s a exposicao in vitro a
glicocorticoides. Dessa forma, um possivel mecanismo para a diminui¢do da hipofagia e
alteracdes na concentracao plasmética de glicose e acidos graxos livres induzidas pelo
VIP em animais ADX seja devido a menor expressdo do RNAm de VPAC2 no hipotalamo
apos a ADX.

A conducao dos experimentos deste trabalho permitiu observar a importancia do
eixo HPA nos efeitos de VIP e, na busca por compreender mais amplamente o0s
mecanismos centrais envolvidos nessa sinalizagao, foi realizado estudo do PVN, nucleo
hipotalamico que contém os neurénios CRF. Dessa maneira, este trabalho foi o primeiro
a demonstrar que a microinjecdo de VIP no ventriculo lateral promove aumento na
expressdéo do RNAm de CRF, no PVN, e também na atividade dos neurbnios
parvocelulares do PVN, em subdivisdes com alta expressao de neurdonios CRF. Esses
resultados vdo ao encontro dos estudos de Alexander e Sander (1995a), que
observaram que a microinjecdao de VIP no PVN estimula a secrecdo de ACTH e
corticosterona e o pré-tratamento com antagonista de CRF inibe estas respostas,
sugerindo que o VIP, por suas acdes em neurdonios CRF, medeia a ativacdo do eixo
HPA. Por outro lado, em galinaceos, a injecdo ICV de VIP diminuiu a expresséo de
RNAmM de CRF no diencéfalo, embora a inje¢cdo de VIP tenha aumentado a
corticosterona plasmatica, provavelmente devido a retroalimentacéo negativa (KHAN et
al., 2013).

O aumento da expressdo de RNAm de CRF e da atividade neuronal do PVN, apos
a microinjecao de VIP, sugerem que o CRF € um mediador central dos efeitos de VIP na
homeostase energética. Por ser altamente expresso nas subdivisbes do PVN avaliadas,
acredita-se que a maioria dos neurdnios imunorreativos a FRA sejam neurbénios CRF
(SAWCHENKO; SWANSON; VALE, 1984; IMAKI; VALE; SAWCHENKO, 1992;
RORATO et al., 2008). Além disso, embora a expressdo de RNAm possa nédo estar
associada a sintese proteica, o aumento induzido por VIP na expressdo de RNAm de
CRF no PVN reforca a hipétese de que pelo menos parte desses neurdnios ativados sao
neurénios CRF estimulados por VIP.

O CRF é reconhecido por seu importante papel no controle endécrino, autonémico
e nas respostas comportamentais ao estresse (HENCKENS; DEUSSING; CHEN, 2016),

sendo seus efeitos mediados por seus dois subtipos de receptores, CRFR1 e CRFR2,
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0s quais apresentam diferentes papéis. Para tanto, fez-se necessario compreender a
participacdo de cada receptor nas respostas evocadas pelo VIP.

A microinjecéo de VIP no ventriculo lateral promoveu hipofagia e os antagonistas
do receptor de CRF, ANT e AS30, diminuiram os efeitos anorexigenos induzidos pelo
VIP. Estudos sugerem que a inibicdo da ingestdo alimentar induzida por CRF € mediada
apenas por CRFR2, pois CRF inibiu igualmente a ingestédo alimentar em camundongos
deficientes de CRFRL1 e selvagens (CONTARINO et al., 2000), e a inibicdo da ingestéo
alimentar induzida por CRF foi bloqueada por um antagonista seletivo de CRFR2, mas
nao pelo NBI127914, um antagonista de CRFR1 (PELLEYMOUNTER et al., 2000).
Entretanto, Sekino e colaboradores (2004) demonstraram que a microinjecao ICV do
antagonista de CRFR2, AS30, apenas atenuou a inibicdo da ingestdo alimentar, e o
antagonista de CRFR1, CRA1000, reduziu quase completamente a inibicdo da ingestao
alimentar induzida pelo estresse. Injecdo periférica do antagonista de CRFR1 também
reduziu a hipofagia induzida pelo estresse (HOTTA et al., 1999), e camundongos
knockout para CRFR1 ndo apresentaram a resposta de hipofagia e perda de peso,
induzidas por urocortina, apos a privacdo de alimentos (BRADBURY et al., 2000).
Andlise de tecido central e periférico para a expressdo de RNAm dos receptores de CRF
observou que CRFR1 é expresso na adeno-hipdfise e ilhotas pancreaticas, mas sua
expressao € predominante no cérebro. Por outro lado, RNAmM de CRFR2 é expresso no
cérebro, musculo esquelético, tecido adiposo marrom e figado (SAKAMOTO et al.,
2013). Estes dados confirmam o envolvimento de CRFR1 e CRFR2 no eixo HPA e
sugerem seu envolvimento no controle da homeostase energética, central e periférica,
assim como, demonstra a diversidade funcional entre esses receptores (CHOTIWAT;
HARRIS, 2008). O presente estudo corrobora esses dados, pois 0s antagonistas dos
receptores de CRFR1 e CRFR2 diminuiram a hipofagia induzida pelo VIP, sendo que o
antagonista de CRFR1, ANT, demonstrou um efeito mais pronunciado. AS30 e ANT nao
alteraram significativamente a ingestao alimentar em ratos controle, como observado em
outros estudos (HOTTA et al., 1999; SEKINO et al., 2004).

O aumento da expressdo de RNAmM de CRF no PVN e a ativacdo de ambos os
receptores de CRF contribuem para a hipofagia induzida pelo VIP, indicando que o efeito
anorexigénico do VIP é mediado por sua acdo com auxilio de neurénios CRF no eixo
HPA. Estes dados também sugerem que a falta do efeito hipofagico do VIP em ratos

ADX seja porque a microinjecao de VIP ndo é capaz de aumentar a expressao de CRF
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no PVN induzida pela ADX e, consequentemente, potencializar essa resposta
anorexigénica.

Em relacdo aos parametros plasmaticos de animais com pré-tratamento de
antagonistas de CRF, o aumento nas concentracdes plasmaticas de corticosterona,
apos a microinjecao ICV de VIP no grupo Veiculo, corrobora dados prévios encontrados
na literatura (ALEXANDER; SANDER, 1994; KHAN et al., 2013; MARTINS et al., 2018).
Estudos prévios também demonstraram que camundongos knockout para o receptor
CRFR1 apresentaram reduc¢éo de corticosterona plasmatica (BRADBURY et al., 2000;
SAKAMOTO et al.,, 2013) e o pré-tratamento com antagonista inespecifico de CRF
seguido de microinjecao de VIP no PVN reduziu o aumento de ACTH e corticosterona
induzido por VIP (ALEXANDER; SANDER, 1995b). Este estudo esta de acordo com esta
hipétese, pois o VIP ndo promoveu aumento da corticosterona plasmatica em animais
pré-tratados com os antagonistas dos receptores CRFR1 e CRFR2, sugerindo que
ambos os receptores estdo envolvidos com a ativacéo do eixo HPA pelo VIP.

A microinjecao de VIP promoveu hiperglicemia, um efeito observado em estudos
anteriores (NAGAI et al., 1994; MARTINS et al., 2018). Entretanto, pré-tratamento com
AS30 foi capaz de reduzir o aumento de glicose plasmatica induzida pelo VIP, enquanto
a ANT ndo alterou a hiperglicemia promovida pelo VIP. Esses efeitos indicam a
participagdo do CRF na hiperglicemia induzida pelo VIP, especialmente através do
CRFR2, conhecido por participar nos efeitos anoréxicos de CRF (VAUGHAN et al.,
1995). Considerando estas acoes, foi observado na regido parvocelular medial do PVN
alta expressdo de RNAm de CRFR2, uma subdivisdo que € altamente ativada em
resposta ao VIP neste estudo, assim como no nucleo do trato solitario e no nucleo
ventromedial do hipotalamo (CHALMERS; LOVENBERG; DE SOUZA, 1995; VAN PETT
et al., 2000), enquanto a expressdo do RNAmM de CRFR1 é menor nessas regides. Além
disso, a microinjecdo de VIP diminuiu as concentracdes plasmaticas de acidos graxos
livres, resultado observado em trabalho prévio (MARTINS et al., 2018). Pré-tratamento
com ANT ou AS30 foi capaz de atenuar os efeitos de VIP nas concentracdes plasmaticas
de &cidos graxos livres, pois a microinjecao de VIP néo alterou este parametro apés o
pré-tratamento com estes antagonistas.

Por fim, o hipotalamo atua como um importante centro de controle da ingestao
alimentar e peso corpéreo e seus diferentes nucleos estdo relacionados a diferentes vias
neuronais que geram respostas integradas (SCHWARTZ et al., 2000b; WOODS et al.,

1998). O nucleo arqueado do hipotalamo estéa localizado adjacente a base do terceiro
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ventriculo, o qual recebe sinalizacao periférica, por meio da insulina e leptina (SATOH
et al., 1997b). Popula¢gdes neuronais distintas sdo responsaveis por iniciar circuitos
altamente especializados no controle da homeostase energética. O NPY e o AgRP estéo
co-localizados em neurbnios do nucleo ARC e compreendem uma via anabdlica,
enquanto a POMC e o CART estdo co-localizados em outro conjunto adjacente de
neurénios do nucleo arqueado, e iniciam uma via catabdlica (ELIAS et al., 1998; HAHN
et al.,, 1998). Neurbénios CRF do PVN séo inervados pelo a-MSH, um produto poés-
transcricional de POMC, e CRF foi demonstrado ser um mediador anorexigénico de a-
MSH (LU et al.,, 2003). Além disso, Ghourab e colaboradores (2011) observaram
reversao da hipofagia induzida pelo VIP no pré-tratamento com antagonista de a-MSH
e incubacao de tecido hipotalamico com VIP promoveu aumento na liberagao de a-MSH.
Também foi demonstrada a acdo da OT como um mediador das respostas
anorexigénicas induzidas pelo a-MSH e CRF (OLSON et al., 1991; YOSTEN; SAMSON,
2010). Como observado neste estudo, o CRF se mostra mediar diferentes efeitos de VIP
em ratos, pois o bloqueio de CRFR1 e CRFR2 atenuou a hipofagia e alterou os
parametros plasméticos, em resposta ao VIP, sendo que, em trabalho prévio do
laboratorio, o pré-tratamento com o antagonista do receptor de OT (MARTINS et al.,
2018) atenuou a anorexia induzida pelo VIP, sugerindo a modulacdo do VIP pela via a-
MSH-CRF-OT.
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Figura 9. Desenho esquemético da interacdo de VIP com outros
neuropeptideos no hipotalamo. Os efeitos de VIP na homeostase energética
sdo mediados por neurbnios que expressam pré-opiomelacortina (POMC),
horménio liberador de corticotrofina (CRH) e ocitocina (OT), neuropeptideos
anorexigenos. Como o CRF foi demonstrado ser um mediador dos efeitos
hipofagicos do horménio estimulante de a-melandcitos (a-MSH), um produto
pos-transcricional de neurdénios POMC, e a OT trata-se de um mediador das
respostas anorexigénicas induzidas por a-MSH e CRF, sugere-se que o VIP
modula a via a-MSH-CRF-ocitocina para reduzir a ingestdo alimentar e
promover alteracbes metabodlicas plasmaticas. Modificado de Schwartz e
colaboradores (2000).
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7 CONSIDERACOES FINAIS

No presente estudo, o VIP promoveu hipofagia, hiperglicemia, elevacdo da
concentracdo plasmatica de corticosterona e reducdo de acidos graxos livres
plasmaticos. A adrenalectomia atenuou a hipofagia, hiperglicemia e a reducdo da
concentracdo de &cidos graxos livres plasméaticos induzidas pelo VIP, e esses efeitos
estdo associados a reducao na expressao de RNAm de VPAC2 no ARC e LHA induzidas
pela adrenalectomia.

Esses dados sugerem que as glandulas adrenais sdo necessarias para as
alteracdes na ingestdo alimentar e em parametros plasmaticos induzidas pelo VIP, e
estas respostas sdo, pelo menos em parte, devidas a modulacao dos glicocorticoides na
expressdo de VPAC2 no hipotalamo.

Além disso, este estudo observou que o VIP aumenta a atividade neuronal nas
subdivisbes parvocelular medial, ventral e posterior do PVN, assim como, a expressao
de RNAmM de CRF no PVN.

Foi observada a contribuicdo especifica de cada receptor de CRF nos efeitos
induzidos pelo VIP. Pré-tratamento com os antagonistas dos receptores de CRFR1 e
CRFR2 foi capaz de atenuar a inibicdo da ingestao alimentar promovida pelo VIP, e 0
antagonista do receptor do tipo 1 de CRF demonstrou um efeito mais pronunciado.
Ambos os antagonistas atenuaram as alterac¢des induzidas pelo VIP nas concentracfes
plasmaticas de acidos graxos livres e corticosterona, e apenas o antagonista do receptor
do tipo 2 de CRF atenuou a hiperglicemia. Esses dados mostram que o CRF é um
importante mediador das respostas de VIP no balango energético e CRFR1 e CRFR2
participam desses efeitos.

Este trabalho é o primeiro da literatura a demonstrar que a adrenalectomia
promove diminuicdo na expressdo de RNAm de VPAC2 no ARC e no LHA e a
microinjecao de VIP no ventriculo lateral promove aumento na expressdo do RNAm de

CRF, no PVN, e na atividade dos neurénios parvocelulares do PVN.
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8 CONCLUSAO

Os efeitos induzidos pelo VIP sobre a ingestdo alimentar e parametros
plasmaticos sdo mediados pelo eixo HPA, sendo o CRF um importante mediador

hipotalamico dessas respostas.
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10 ANEXOS

Anexo A: Cépia do parecer da Comiss&o de Etica no Uso de Animais da
UEL

n° 4929.2015.80 (OF. N° 135/2015)
n° 14371.2017.44 (OF. N° 08/2018)



lII- Universidade
= = Estadual de Londrina

COMISSAO DE ETICA NO USO DE ANIMAIS
OF. CIRC. CEUA N° 135/2015 Londrina, 03 de Julho de 2015.

Prezada Pesquisadora,

A CEUA/UEL reunida em 12 de Maio de 2015 avaliou o projeto de pesquisa
intitulado “Efeito do peptideo intestinal vasoativo no controle da homeostase
energéticas”, registrado sob o processo CEUA n°4929.2015.80, pesquisa do Centro de
Ciéncias Biologicas, desenvolvido sob sua responsabilidade. Esclarecidos os aspectos
metodolégicos solicitados, o projeto estd aprovado para execugédo entendendo-se que os
principios éticos postulados pelo Conselho Nacional de Controle de Experimentagéo Animal
estdo respeitados.

Serao utilizados 420 ratos Wistar machos, pesando entre 230 e 270 g e
provenientes do Biotério Central da UEL. O projeto tem como objetivo avaliar a influéncia do
eixo  hipotalamo-pituitéaria-adrenal  (HPA) sobre os efeitos da microinjecdo
intracerebroventricular (ICV) de peptideo intestinal vasoativo (VIP) sobre parametros
plasmaticos, ingestdo alimentar, contelido de NPY no hipotalamo e atividade neuronal de
nucleos hipotalamicos e nucleo do trato solitario (NTS) de ratos. Para tanto, o projeto sera
constituido por um total de 5 protocolos e os animais serdo divididos em grupos e
submetidos a estereotaxia e adrenalectomia bilateral (ADX) ou cirurgia sham. Apos isso,
serdo mantidos em caixas individuais para a realizagcdo do teste dose-resposta da
concentragdo de dexametasona para reversdo dos efeitos de adrenalectomia. Os animais
sham, ADX e ADX+DEXA receberdo injegédo ICV de VIP ou veiculo e sera avaliado o efeito
da administragéo central de VIP sobre: parametros plasmaticos; ingestao alimentar; ativagéo
neuronal no ARC, VMH e NTS; contetdo de NPY no ARC e PVN. Os protocolos
experimentais estdo aprovados com previsdo para execugao em 36 meses.

Cumpre orientar que caso pretendam-se quaisquer alteragdes no protocolo
experimental aprovado, deve-se submeter o novo protocolo a apreciagdo da CEUA/UEL
anteriormente a execucao das modificagdes.

Coloco-me a disposigdo para quaisquer esclarecimentos que se fizerem
necessaria. Sem mais para 0 momento, subscrevo, cordialmente,
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Coordenador da CEUAUEL
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microinje¢do intracerebroventricular (ICV) de peptideo intestinal vasoativo (VIP) sobre pardmetros
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Abstract

Purpose The aim of this study is to evaluate the effects of adrenalectomy (ADX) and glucocorticoid in the changes
induced by intracerebroventricular (ICV) administration of vasoactive intestinal peptide (VIP) on food intake and plasma
parameters, as well as VIP receptor subtype 2 (VPAC2) mRNA expression in different hypothalamic nuclei of male rats.
Methods Male Wistar rats (260—280 g) were subjected to ADX or sham surgery, 7 days before the experiments. Half of
ADX animals received corticosterone (ADX + CORT) in the drinking water. Animals with 16 h of fasting received ICV
microinjection of VIP or saline (0.9% NaCl). After 15 min: (1) animals were fed, and the amount of food ingested was
quantified for 120 min; or (2) animals were euthanized and blood was collected for biochemical measurements. Determi-
nation of VPAC2 mRNA levels in LHA, ARC, and PVN was performed from animals with microinjection of saline.
Results VIP treatment promoted the anorexigenic effect, which was not observed in ADX animals. Microinjection of VIP
also induced an increase in blood plasma glucose and corticosterone levels, and a reduction in free fatty acid plasma levels,
but adrenalectomy abolished these effects. In addition, adrenalectomy reduced mRNA expression of VPAC?2 in the lateral
hypothalamic area and arcuate nucleus, but not in the paraventricular nucleus.

Conclusions These results suggest that adrenal glands are required for VIP-induced changes in food intake and plasma
parameters, and these responses are associated with reduction in the expression of VPAC2 in the hypothalamus after
adrenalectomy.

Keywords VIP . Glycemia . Corticosterone . Free fatty acids . Arcuate nucleus of the hypothalamus . VPAC2 receptor
expression

Introduction

The vasoactive intestinal peptide (VIP) is a 28-amino acid
neuropeptide widely expressed in the nervous system and
belongs to the family of regulatory peptides, glucagon—
secretin. Neurons expressing VIP are distributed in the central
nervous system (CNS), such as the cortex, hip-pocampus,
amygdaloid nucleus, thalamus, and hypothalamus [1]. VIP
actions are mediated by specific receptors that are coupled to
adenyl cyclase to increase intracellular cAMP [1, 2]. There
are two VIP receptor subtypes, VPACL, widely distributed in
the CNS, most abundantly expressed in the hippocampus and
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cortex, and to a lesser extent in the hypo-thalamus [3], and
VPAC2, expressed in the thalamus, hypo-thalamus,
brainstem, and amygdala [4]. In the hypothalamus, VPAC2 is
found in the supraoptic nucleus, suprachiasmatic nucleus,
arcuate nucleus (ARC), parvocellular region of the
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paraventricular nucleus (PVN), lateral hypothalamic area
(LHA), and anterior pituitary [3—6], areas associated with
neuroendocrine functions in the CNS [7].

Intracerebroventricular (ICV) microinjection of VIP in rats
promotes an increase in glucose plasma concentrations and a
decrease in food intake [8, 9], as well as increased in plasma
adrenocorticotrophic hormone (ACTH) and corticosterone in
a dose-dependent manner, indicating that VIP regulates the
hypothalamic—pituitary—adrenal axis (HPA) [10, 11].

Bilateral adrenalectomy (ADX) decreases food intake and
body weight, whereas CORT replacement was demonstrated
to stimulate food intake [12—14] and to attenuate increases in
ACTH secretion and corticotrophin-releasing factor (CRF)
expression in the PVN [15, 16], where glucocorticoid recep-
tors are highly expressed [17]. Ceccatelli et al. [18] recog-
nized co-localization of VIP and CRF in PVN parvocellular
neurons of rats, and an increase in VIP expression was
observed in the pituitary gland after ADX, while treatment
with dexamethasone abolished this effect [19, 20].

As both VIP and glucocorticoids are involved in the
control of food intake, VIP activates the HPA axis and
glucocorticoids are known to induce hyperglycemia; the
present study was designed to evaluate the effects of the
presence or absence of glucocorticoids on ICV adminis-
tration of VIP-induced changes on food intake, glucose,
free fatty acids (FFA), and corticosterone plasma levels, as
well as the VPAC2 mRNA expression in different
hypothalamic nuclei after ADX.

Materials and methods
Animals

Male Wistar rats weighing 260-280 g (total number of
animals = 130), from the Central Animal Care Facility of
the State University of Londrina (UEL), were housed in
cages in a temperature-controlled room at 22 + 2 °C, and
kept on a 12:12-h light—dark cycle with lights on at 6:00 a.
m. Animals had ad libitum access to pelleted rat chow and
water, unless otherwise specified. To improve adaptation to
the laboratory environment, rats were handled daily before
experiments. All experimental procedures were conducted
between 7:00 a.m. and 12:00 p.m. and were approved by
local Ethics Commission on the Use of Animals of UEL
(protocol number 14371201744).

Bilateral ADX and sham surgeries were performed with an
association of ketamine (K, 100 mg/kg, Agener Unido, 10%)
and xylazine hydrochloride (X, 20 mg/kg, Anasedan®,
Vetbrands, Jacarei, Brazil, 2%) intraperitoneally, via single
dorsal midline incision on the skin and a bilateral small cut
through the muscle layer. After the surgery and during all the
experimental periods, ADX animals were given 0.9%
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saline with 0.5% ethanol, without glucocorticoid (ADX) or
with glucocorticoid (corticosterone, Sigma Co., CA) at the
concentration of 25 mg/L (ADX + CORT). Sham-operated
animals underwent similar surgical procedures without
removal of adrenal glands and were given tap water with
0.5% ethanol to drink. To ensure completeness of ADX
surgery and adequacy of glucocorticoid replacement, cor-
ticosterone plasma level was determined by a fluorometric
method of Guillemin et al. [21].

Intracerebroventricular (ICV) surgery

Animals were anesthetized with an intraperitoneal K + X injection, placed in a stereotaxic
instrument (David Kopf Instruments, model 900) with bregma and lambda in the same
horizontal plane. A stainless-steel guide cannula (0.7 mm external diameter, 0.4 mm
internal diameter, and 10 mm length) was implanted in the right lateral ventricle, according
to Paxinos and Watson’s [22] atlas coordinates: 0.8 mm caudal to bregma, 3.6 mm below
the skullcap, and Microdissections of LHA, ARC, and PVN were obtained using a stainless
punch needle 1.5 mm in diameter from coronal sections (1200 pum), in a cryostat according
to coordinates from —0.92 to —2.12 for PVN and -2.12 to —3.32 for LHA and ARC, from
bregma. Total RNA was isolated from each micropunched hypothalamic tissue sample

using Trizol reagent (Invitrogen®, New Zealand) according to the manufacturer’s protocol.
RNA concentra-tion in each sample was determined using Multi-detection micro plate
reader (Synergy HT, BioTek), and 500 ng of RNA was used for cDNA synthesis using the
High Capacity cDNA Reverse Transcription Kit (Applied Biosystems, USA). Quantitative
real-time PCR was performed using Applied Biosystems 7500 real-time PCR system. The
TagMan® Gene Expression Assay (Applied Biosystems) used in this study was Rn
00568267_m1 (VPAC?2). Each

1.5 mm lateral to the sagittal suture. A cannula was fixed to
the cranium, using dental acrylic resin and two jeweller’s
screws. Within the implanted cannula, a 30-gauge metal
obturator filled the cannula, except during the injections.
After surgery, rats received a prophylactic dose of
antibiotic (50,000 units of penicillin G: 0.1 mL per 100 g
of body weight, intramuscularly) and paracetamol (200
mg/kg, orally). Animals were kept in collective cages
containing a maximum of three animals, for better surgery
recovery. Three days before the experiment, they were
accommodated in individual cages for adaptation. Cannula
placement was verified in all groups by sectioning the brain
in a cryostat at the end of the experiment.

Microdissection, total RNA isolation,
and quantitative real-time PCR
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PCR reaction was performed in duplicate. Water (instead of
cDNA) was used as negative control. Housekeeping gene,
beta actin, was run for each cDNA sample. Determination of
gene transcript levels in each sample was obtained by the CT
method. For each sample, the threshold cycle (Ct) was
determined and normalized to Ct of the housekeeping gene (

Ct = Ctunknown — CtHousekeepinggene). Fold-change of
MRNA expression in unknown sample relative to control

2_ Ct

group was calculated as , where  Ct = Ctunknown

—  Ctcontrol [23]. Data are shown as mRNA expression
relative to control group (Sham).

Experimental protocols

All animals were subjected both to Sham or ADX surgery
and ICV surgery. After 6 days of recovery, they were
fasted for 16 h, and on seventh day after surgery,
experimental tests were performed.

The drug ICV microinjected for experiments was VIP
(Sigma Co., CA; dose of 40 ng/g body weight: 2.7—3.4 nmol
of VIP for 220—-280 g body weight) in 6 uL microinjected in 1
min, and sterile saline (0.9% NaCl, 6 pyL in 1 min) was
microinjected as a vehicle. The dose of VIP was chosen based
on different works from literature [8—10, 24].

Experiment 1: effects of microinjection with VIP on
food intake in Sham, ADX, and ADX + CORT animals

Animals received ICV microinjection of VIP or Saline. After
15 min, all animals had access to food (50 g) and food intake
was quantified (g/100 g body weight) after 120 min.

Experiment 2: effects of microinjection with VIP on plasma
parameters in Sham, ADX, and ADX + CORT animals

Animals received ICV microinjection of VIP or Saline.
After 15 min, all animals were decapitated, and trunk
blood was collected in heparinized tubes and centrifuged at
14,000 x g for 20 min. Blood plasma was stored at —20 °C
and used for biochemical dosages of glucose by spectro-
photometric determination based on peroxidase reaction
[25] using the BioLiquid Glucose Commercial Kit (Labor-
clin, PR, Brazil), corticosterone (modified fluorometric
method of Guillemin et al. [21]), and FFA (modified
spectrophotometric method of Falholt et al. [26]).

Experiment 3: effects of ADX and glucocorticoid
replacement on mMRNA expression of VPAC2 in the
LHA, PVN, and ARC

Fasted Sham, ADX, and ADX + CORT were decapitated 7
days after surgery, and brains were collected under
RNAse-free conditions, immediately frozen on dry ice, and

stored at —80 °C for determination of VPAC2 mRNA
levels in LHA, ARC, and PVN.

Statistical analysis

Data are expressed as means + SEM. Normal distribution
and homogeneity of data were tested. One-way ANOVA
was performed to evaluate the differences among Sham,
ADX, and ADX + CORT groups on VPAC2 mRNA
expression in LHA, PVN, and ARC (experiment 3). Two-
way ANOVA, followed by Student Newman—Keuls post
hoc test, was performed to evaluate the interaction between
the variable group (according to the presence or absence of
glucocorticoids—Sham, ADX, or ADX + CORT) and the
variable treatment (Saline or VIP) on food intake and
plasma parameters (experiments 1 and 2). Differences
were considered significant at P < 0.05.

Results

Experiment 1: effects of microinjection with VIP on
food intake in Sham, ADX, and ADX + CORT animals

In Sham groups, VIP treatment showed reduction (P < 0.001)
of about 60% in food intake compared with Saline treatment,
but food intake of VIP did not differ from Saline in ADX and
ADX + CORT groups. In saline-treated ani-mals, the ADX
group showed reduced (P = 0.04) food intake compared with
the Sham group, while food intake of the ADX + CORT
group did not differ from Sham and ADX (Fig. 1). In VIP-
treated animals, there was no dif-ference among the three
experimental groups. There was an
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Fig. 1 Food intake (g/100 g of body weight) for 120 min of Sham,
ADX, and ADX + CORT groups after ICV microinjection of saline
(0.9% NaCl, 6 uL in 1 min) or vasoactive intestinal peptide (VIP; 40
ng/g body weight, 6 puL in 1 min). Data are shown as means + SEM
(n = 9-13 rats/group). *P < 0.001 vs. the respective Saline group. p
= 0.04 vs. Sham/Saline group
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Fig. 2 Blood plasma concentration of corticosterone (ug/dL) (a), glucose
(md/dL) (b), and free fatty acids (umole/dL) (c) of Sham, ADX, and
ADX + CORT groups after ICV microinjection of saline (0.9% NaCl, 6
pL in 1 min) or vasoactive intestinal peptide (VIP; 40 ng/g body weight, 6
pL in 1 min). Data are shown as means + SEM (n = 8-13 rats/group). *P

< 0.001 vs. the respective Saline group. #P < 0.05 vs. the respective
Sham. *P < 0.001 vs. the respective ADX + CORT

interaction between group (Sham, ADX, or ADX +
CORT) and treatment (Saline or VIP) on food intake
[F(5,63) = 3.6, P < 0.05]. We observed no effect of group
[F(5,63) = 1.13, P = 0.33] on food intake, with an effect of
treatment [F (5,63) = 15.08, P < 0.001].
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Experiment 2. effects of microinjection with VIP
on plasma parameters in Sham, ADX, and ADX
+ CORT animals

In Sham group, VIP treatment induced an increase (P <
0.001) in corticosterone plasma levels compared to Saline,
while in ADX + CORT group VIP reduced (P < 0.05)
corticosterone plasma levels. In animals treated with both
Saline and VIP, corticosterone plasma concentrations were
higher in the Sham group than in ADX + CORT. The ADX
group did not show detectable concentrations of plasma
corticosterone (Fig. 2a), confirming the effectiveness of the
surgery. There was an interaction between group (Sham,
ADX, or ADX + CORT) and treatment (Saline or VIP) on
corticosterone plasma levels [F(5,63) = 6.5, P = 0.003]. We
observed an effect of group [F(5,63) = 230.4, P < 0.001] on
corticosterone plasma levels, with no effect of treatment [F
(5,63) = 0.107, P = 0.75].

VIP microinjection induced an increase (P < 0.001) in
glucose plasma levels (Fig. 2b) in the Sham group when
compared with Saline microinjection, while VIP treatment
did not promote any change in ADX and ADX + CORT
groups. In Saline-treated animals, ADX group had lower
glucose plasma values (P < 0.001) than Sham and ADX +
CORT groups, and in VIP-treated animals, ADX and ADX
+ CORT groups showed reduced glycemia (P < 0.05)
compared with the Sham group. There was an interaction
between group (Sham, ADX, or ADX + CORT) and treat-
ment (Saline or VIP) on glucose plasma levels [F(5,63) =
46.4, P < 0.001]. We observed an effect of group [F(5,63)
= 132.2, P < 0.001] and treatment [F(3,63) = 41.6, P <
0.001] on glucose plasma levels.

FFA plasma concentrations (Fig. 2c) were decreased (P
= 0.003) by VIP microinjection in the Sham group.
Nevertheless, in ADX and ADX + CORT groups, there
was no difference between Saline and VIP treatments. In
addition, ADX decreased (P < 0.050) FFA plasma con-
centrations in Saline-microinjected animals, and no dif-
ference was observed among Sham, ADX, and ADX +
CORT groups in VIP-microinjected animals. There was an
interaction between group (Sham, ADX, or ADX +
CORT) and treatment (Saline or VIP) on FFA plasma
levels [F(5,63) = 6.5, P < 0.05]. We observed no effect of
group [F(5,63) = 0.54, P = 0.588] on FFA plasma levels,
with an effect of treatment [F(5,63) = 5.25, P = 0.03].

Experiment 3: effects of ADX and glucocorticoid
replacement on mMRNA expression of VPAC2 in
the LHA, ARC, and PVN

ADX and ADX + CORT groups showed a reduction in
VPAC2 mRNA expression in the LHA [F(2,31) =7.8, P =
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Fig. 3 Relative VIP receptor type 2 (VPAC2) mRNA expression in the

lateral hypothalamic area (LHA; a), arcuate nucleus (ARC; b), and
paraventricular nucleus (PVN; c) of Sham, ADX, and ADX + CORT

groups treated with ICV microinjection of saline (0.9% NaCl, 6 yL in
1 min). Data are shown as mean + SEM (n = 9-13 rats/group). *P <
0.05 vs. Sham group. **P = 0.008 vs. Sham group

0.002] and ARC [F(2,31) = 5.6, P = 0.008] compared with
the Sham group (Fig. 3a, b). In PVN, there was no differ-
ence in VPAC2 mRNA expression among Sham, ADX, and
ADX + CORT groups (Fig. 3c).

Discussion

The present study investigated the effects of ADX and
glucocorticoid replacement on VIP-induced changes on

food intake and plasma parameters of rats. Further, VPAC2
mMRNA  expression in LHA, ARC, and PVN was also

ish these effects, since such responses were not observed in

investigated in Sham, ADX, and ADX + CORT animals.
VIP treatment reduced food intake and promoted changes in

plasma parameters, but adrenalectomy was shown to abol-

adrenalectomized animals. In addition, adrenalectomy
reduced mRNA expression of VPAC2 in LHA and ARC
but not in PVN.

To evaluate the effect of glucocorticoid removal on VIP-
induced changes, ADX rats with and without corticosterone
replacement in drinking fluid were used. Corticosterone
plasma levels have a circadian variation, and replacement in
the drinking water results in increase of plasma corticos-
terone after lights off, corresponding to the feeding period,
which could benefit the control of HPA axis activity
[14, 27]. As expected, both groups showed higher values of
plasma corticosterone than the ADX group, but a lower
plasma concentration of corticosterone in the ADX +
CORT group than the Sham group is probably because
animals were fasted prior to the experiment and conse-
quently ingested less fluid  during this period [14]. In
addition, increased corticosterone plasma levels after ICV
microinjection of VIP in Sham  animals corroborate the
previous data in the literature [9, 28, 29], as well as Alex-
ander and Sander [10], who observed an increase in plasma
corticosterone after microinjection of VIP in PVN of rats.

Hypophagia promoted by microinjection of VIP in the
lateral ventricule of Sham group corroborates the estab-
lished anorexigenic effect of VIP, as observed by reduction
of food intake after VIP microinjection in different species
[8, 9, 24, 30, 31]. The reduction of food intake after ADX in
Saline-treated animals is in accordance with the well-known
effect of ADX to decrease food intake and body weight
[14, 27], which is mediated by an increase of CRF mRNA
expression inthe  PVN, due to the absence of negative
feedback of glucocorticoids in this hypothalamic nucleus, as

well as by enhancement of oxytocin mRNA expression in

the PVN [27, 32, 33]. In addition, ADX is also associated
with reduced expression of neuropeptide Y (NPY) and
agouti-related protein in the ARC [34].  Besides that,
Alexander and Sander [35] observed that microinjection of
VIP in the PVN stimulates the secretion of ACTH and
corticosterone, and pretreatment with CRF antagonist inhi-
bits these responses. Previous work from our group showed
that ICV microinjection of VIP promotes increase on CRF
mMRNA expression in PVN and that activation of both CRF
receptors contribute to VIP-induced hypophagia [29],
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indicating that the anorexigenic effect of VIP is mediated by
its action through CRF neurons in the PVN. Overall, these
data suggest that lack of VIP-induced reduction of food intake
in ADX rats is likely because VIP microinjection may not be
able to further increment CRF expression in the PVN induced
by ADX and consequently potentiate this anorexigenic
response. In addition to this, VIP-induced hypophagia seems
to be mediated by stimulation of hypo-thalamic melanocortin,
while anorexigenic effect of ADX is not associated with
increases in proopiomelanocortin (POMC) in the ARC,
where, in fact, ADX reduces POMC mRNA expression [34,
36]. Accordingly, it is possible that the absence of
anorexigenic response of VIP after ADX may also be ascribed
to these opposite effects of VIP and ADX on POMC neurons
in ARC, since VIP would have to recruit melanocortin system
downregulated by ADX. Though glucocorticoid replacement
was effective in restoring food intake of ADX to similar
values of Sham animals, the absence of VIP-induced
reduction in food intake of ADX animals with glucocorticoid
replacement suggests that VIP actions on food intake depends
on the intact adrenal glands, not only the presence of
glucocorti-coids. Regarding plasma parameters, increased
glucose plasma concentrations in the Sham group after
microinjec-tion of VIP is a well-known effect observed in
previous studies [9, 29, 37]. In addition, lower values of
glucose plasma levels after ADX demonstrate the importance
of adrenal glands to control glucose levels [38, 39]. Accord-
ingly, impairment of VIP to increase glycemia after ADX
reinforces that glucocorticoids and sympathetic activation are
required for the regulation of this parameter [40, 41].
Furthermore, reduced FFA plasma concentrations induced by
VIP microinjection have also been observed in previous
works [9, 29], and decreased values of circulating FFA after
ADX are in accordance with previous works in the litera-ture,
which showed that glucocorticoids are important for
mobilization of this energy substrate [42, 43]. As observed for
food intake, the lack of effects of VIP on FFA may be due to
the fact that VIP can not potentiate ADX-induced reduction
on FFA plasma levels.

It is known that bilateral adrenalectomy in rodents is a
well-established experimental model to investigate the
mechanisms underlying classical symptoms observed in
primary adrenal insufficiency in humans, such as hypo-phagia
and loss of body weight [14, 33, 44, 45]. Concerning VIP, due
to methodological limitations, human studies focus on the
evaluation of VIP concentrations in the per-iphery than in the
CNS after any challenge [46-51]. It should be noted that, as
far as we know, there is no study in the literature that
evaluated the interaction between adrenal glands and VIP
effects, both in rodents and humans. Thus, the present study
was the first to demonstrate that adrena-lectomy promoted a
decrease in MRNA expression of
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VPAC2 in ARC and LHA. VPAC?2, a receptor that has a
high affinity for VIP and pituitary adenylate ciclase-
activating polypeptide, is extensively distributed in the
hypothalamus and expressed in different nuclei [52-54]. It
was demonstrated that VPAC2 mRNA is expressed in
proopiomelacortin (POMC) [55] and NPY [56] neurons of
the ARC. In accordance with this, the modulation of glu-
cocorticoids on VPAC2 expression obtained in the current
study may be supported by the work of Wiik [57], which
demonstrated an increase in the number of binding sites for
VIP after in vitro exposure of leukocytes to
glucocorticoids. Thus, impairment of VIP-induced
hypophagia and changes in glucose and FFA plasma levels
in ADX animals is associated with lower expression of
VPAC2 mRNA in the hypothalamus after adrenalectomy.

In summary, it is noteworthy in the present study that
adrenalectomy impairs VIP-induced hypophagia, hyper-
glycemia, and reduction of FFA plasma levels, and these
effects are associated with the reduction of VPAC2 mRNA
expression in ARC and LHA induced by adrenalectomy.
These data suggest that adrenal glands are required for
VIP-induced changes on food intake and plasma
parameters, and this response seems to be, at least in part,
due to the mod-ulation of glucocorticoids in the expression
of VPAC?2 in the hypothalamalus.

Funding We would like to thank the financial support of Fundagéo
Araucéria de Apoio ao Desenvolvimento Cientifico e Tecnoldgico do
Estado do Parang, Brasil, for the grants (protocol numbers 23275,
8277, and 24732). MCGS thanks Coordenagdo de Aperfeicoamento
de Pessoal de Nivel Superior (CAPES) for PhD fellowship.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving ani-
mals were in accordance with the local Ethics Commission on the
Use of Animals of UEL (protocol number 14371201744).

Publisher's note: Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

References

1. AJ. Harmar, J. Fahrenkrug, I. Gozes, M. Laburthe, V. May, J.R.
Pisegna, D. Vaudry, H. Vaudry, J.A. Waschek, S.l. Said, Phar-
macology and functions of receptors for vasoactive intestinal
peptide and pituitary adenylate cyclase-activating polypeptide:
IUPHAR Review 1. Br. J. Pharmacol. 166, 4-17 (2012)

2. E.M. Lutz, S. Mendelson, K. West, R. Mitchell, A.J. Harmar,
Molecular characterisation of novel receptors for PACAP and
VIP. Biochem. Soc. Trans. 23, 83S (1995)

3. K.M. Joo, Y.H. Chung, M.K. Kim, R.H. Nam, B.L. Lee, K.H.
Lee, C.1. Cha, Distribution of vasoactive intestinal peptide and



Endocrine

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. L.M. Gerhold, T.L. Horvath, M.E. Freeman,

pituitary adenylate cyclase-activating polypeptide receptors
(VPAC1, VPAC2, and PAC1 receptor) in the rat brain. J. Comp.
Neurol. 476, 388—413 (2004)

. W.J. Sheward, E.M. Lutz, AJ. Harmar, The distribution of

vasoactive intestinal peptide2 receptor messenger RNA in the rat
brain and pituitary gland as assessed by in situ hybridization.
Neuroscience 67, 409—418 (1995)

Vasoactive
intestinal peptide fibers innervate neuroendocrine dopaminergic
neurons. Brain Res. 919, 48-56 (2001)

. D. Vaudry, B.J. Gonzalez, M. Basille, L. Yon, A. Fournier, H.

Vaudry, Pituitary adenylate cyclase-activating polypeptide and
its receptors: from structure to functions. Pharmacol. Rev. 52,
269-324 (2000)

. T.B. Usdin, T.I. Bonner, E. Mezey, Two receptors for vasoactive

intestinal polypeptide with similar and complementary distribu-
tions. Endocrinology 135, 2662—2680 (1994)

. S. Ghourab, K.E. Beale, N.M. Semjonous, K.A. Simpson, N.M.

Martin, M.A. Ghatei, S.R. Bloom, K.L. Smith, Intracerebroven-
tricular administration of vasoactive intestinal peptide inhibits
food intake. Regul. Pept. 172, 8-15 (2011)

. A.B. Martins, M.C. Garnica-Siqueira, D.A.M. Zaia, C.T.B.V.

Zaia, E.T. Uchda, Oxytocin participates on the effects of
vasoactive intestinal peptide on food intake and plasma para-
meters. Mol. Cell. Biochem. 437, 177-183 (2018)

L.D. Alexander, L.D. Sander, Vasoactive intestinal peptide sti-
mulates ACTH and corticosterone release after injection into the
PVN. Regul. Pept. 51, 221227 (1994)

J. Wang, A. Akabayashi, J. Dourmashkin, HJ. Yu, J.T. Alex-
ander, H.J. Chae, S.F. Leibowitz, Neuropeptide Y in relation to
carbohydrate intake, corticosterone and dietary obesity. Brain
Res. 802, 75—88 (1998)

B.A. Kumar, S.F. Leibowitz, Impact of acute corticosterone
administration on feeding and macronutrient self-selection pat-
terns. Am. J. Physiol. 254, R222-R228 (1988)

A.M. Strack, R.J. Sebastian, M.W. Schwartz, M.F. Dallman,
Glucocorticoids and insulin: reciprocal signals for energy
balance. Am. J. Physiol. 268, R142—R149 (1995)

E.T. Uchoa, H.A.C. Sabino, S.G. Ruginsk, J. Antunes-
Rodrigues, L.L.K. Elias, Hypophagia induced by glucocorticoid
deficiency is associated with an increased activation of satiety-
related respon-ses. J. Appl. Physiol. 106, 596—604 (2009)

A. Akabayashi, C.T.B.V. Zaia, S.M. Gabriel, I. Silva, W.K.
Cheung, S.F. Leibowitz, Intracerebroventricular Injection of
dibutyryl cyclic adenosine-3’,5’-monophosphate increases hypo-
thalamic levels of neuropeptide Y. Brain Res. 660, 323-328
(1994)

M.F. Dallman, S.F. Akana, L. Jacobson, N. Levin, C.S. Cascio, J.
Shinsako, Characterization of corticosterone feedback regulation of
ACTH secretion. Ann. N. Y. Acad. Sci. 512, 402—-414 (1987)

M. Aronsson, K. Fuxe, Y. Dong, L.F. Agnati, S. Okret, J.A.
Gustafsson, Localization of glucocorticoid receptor mRNA in the
male rat brain by in situ hybridization. Proc. Natl Acad. Sci.
USA 85, 9331-9335 (1988)

S. Ceccatelli, M. Eriksson, T. Hokfelt, Distribution and coex-
istence of corticotropin-releasing factor-, neurotensin-, enkepha-
lin-, cholecystokinin-, galanin- and vasoactive intestinal
polypeptide/peptide histidine isoleucine-like peptides in the par-
vocellular part of the paraventricular nucleus. Neuroendocrinol-
ogy 49, 309-323 (1989)

P.M. Jones, D.J. O’Halloran, M.A. Ghatei, J. Domin, S.R.
Bloom, The influence of adrenal hormone status on
neuroendocrine pep-tides in the rat anterior pituitary gland. J.
Endocrinol. 127, 437—-444 (1990)

K.S.L. Lam, G. Srivastava, S.P. Tam, Divergent effects of glu-
cocorticoid on the gene expression of vasoactive intestinal peptide

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

in the rat cerebral cortex and pituitary. Neuroendocrinology 56,
32-37 (1992)

R. Guillemin, G.W. Clayton, H.S. Lipscomb, J.D. Smith,
Fluorometric measurement of rat plasma and adrenal corticoster-
one concentration. A note on technical details. J. Lab. Clin. Med.
53, 830-832 (1959)

G. Paxinos, C. Watson., The Rat Brain in Stereotaxic Coordi-
nates. (Academic Press, San Diego, 2009)

K.J. Livak, T.D. Schmittgen, Analysis of relative gene
expression data using real- time quantitative PCR and the 2~
method. Methods 25, 402—408 (2001)

T. Tachibana, S. Tomonaga, D. Oikawa, S. Saito, T. Takagi, E.S.
Saito, T. Boswell, M. Furuse, Pituitary adenylate cyclase acti-
vating polypeptide and vasoactive intestinal peptide inhibit feed-
ing in the chick brain by different mechanisms. Neurosci. Lett.
348, 25-28 (2003)

P. Trinder, Determination of blood glucose using an oxidase-
peroxidase system with a non-carcinogenic chromogen. J. Clin.
Pathol. 22, 158—161 (1969)

K. Falholt, B. Lund, W. Falholt, An easy colorimetric micro-
method for routine determination of free fatty acids in plasma.
Clin. Chim. Acta 46, 105-111 (1973)

E.T. Uchoa, L.E.C.M. da Silva, M. de Castro, J. Antunes-Rodri-
gues, L.L.K. Elias, Corticotrophin-releasing factor mediates
hypophagia after adrenalectomy, increasing meal-related satiety
responses. Horm. Behav. 58, 714—719 (2010)

S.I. Khan, M.A. Cline, T. Aramaki, H. Ueda, T. Tachibana,
Feeding response following central administration of chicken
vasoactive intestinal peptide in chicks. Gen. Comp. Endocrinol.
184, 61-66 (2013)

M.C. Garnica-Siqueira, A.B. Martins, D.A.M. Zaia, C.M. Leite,
E.T. Uchda, C.T.B.V. Zaia, Corticotrophin-releasing factor med-
iates vasoactive intestinal peptide-induced hypophagia and chan-
ges in plasma parameters. Horm. Behav. 105, 138—145 (2018)
S.S. Almeida, L.H. Duntas, L. Dye, M.L. Nunes, C. Prasad,
J.B.T. Rocha, P. Wainwright, C.T.B.V. Zaia, R.C.A. Guedes,
Nutrition and brain function: a multidisciplinary virtual
symposium. Nutr. Neurosci. 5, 311-320 (2002)

K. Matsuda, K. Maruyama, T. Nakamachi, T. Miura, M.
Uchiyama, S. Shioda, Inhibitory effects of pituitary adenylate
cyclase-activating  polypeptide (PACAP) and vasoactive
intestinal peptide (VIP) on food intake in the goldfish,
Carassius auratus. Peptides 26, 1611-1616 (2005)

H.S. Beyer, S.G. Matta, B.M. Sharp, Regulation of the
messenger ribonucleic acid for corticotropin-releasing factor in
the para-ventricular nucleus and other brain sites of the rat.
Endocrinology 123, 2117-2123 (1988)

E.T. Uchoa, L.E.C.M. Silva, M. de Castro, J. Antunes-
Rodrigues, L.L.K. Elias, Hypothalamic oxytocin neurons
modulate hypo-phagic effect induced by adrenalectomy. Horm.
Behav. 56, 532—538 (2009)

E.T. Uchoa, L.E.C.M. Silva, M. de Castro, J. Antunes-
Rodrigues, L.L.K. Elias, Glucocorticoids are required for meal-
induced changes in the expression of hypothalamic
neuropeptides. Neu-ropeptides 46, 119—-124 (2012)

L.D. Alexander, L.D. Sander, Involvement of vasopressin and
corticotropin-releasing hormone in VIP- and PHI-induced secre-
tion of ACTH and corticosterone. Neuropeptides 28, 167-173
(1995)

E. Savontaus, I.M. Conwell, S.L. Wardlaw, Effects of adrena-
lectomy on AGRP, POMC, NPY and CART gene expression in
the basal hypothalamus of fed and fasted rats. Brain Res. 958,
130-138 (2002)

N. Nagai, H. Kajikawa, T. Sasaki, K. Nagai, H. Nakagawa,
Hyperglycemic response to intracranial injection of vasoactive
intestinal peptide. J. Clin. Biochem. Nutr. 17, 29-34 (1994)

@ Springer



Endocrine

38

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

. T. Kuo, A. Mcqueen, T.-C. Chen, J.-C. Wang, Regulation of
glucose homeostasis by glucocorticoids. Adv. Exp. Med. Biol.
872, 99-126 (2015)

A. Kawai, N. Kuzuya, On the role of glucocorticoid in glucose-
induced insulin secretion. Horm. Metab. Res. 9, 361-365 (1977)
M. Kadekaro, M. Ito, P.M. Gross, Local cerebral glucose utili-
zation is increased in acutely adrenaletomized rats. Neuroendo-
crinology 47, 329-334 (1988)

N. Paquot, P. Schneiter, E. Jéquier, L. Tappy, Effects of gluco-
corticoids and sympathomimetic agents on basal and insulin-
stimulated glucose metabolism. Clin. Physiol. 15, 231-240 (1995)
R.J. Ho, H.C. Meng, The extracortical action of adrenocortico-
trophic hormone on the elevation of plasma free fatty acids.
Metabolism 13, 361-364 (1964)

M.T. Kibenge, C.B. Chan, Interactions between effects of adre-
nalectomy and diet on insulin secretion in fa/fa Zucker rats. Can.
J. Physiol. Pharmacol. 79, 1-7 (2001)

M.R. Freedman, T.W. Castonguay, J.S. Stern, Effect of adrena-
lectomy and corticosterone replacement on meal patterns of
Zucker rats. Am. J. Physiol. 249, R584—R594 (1985)

W. Oelkers, Adrenal insufficiency. N. Engl. J. Med. 335, 1206—
1212 (1996)

A.M. Ebeid, R.R. Attia, P. Sundaram, J.E. Fischer, Release of
vasoactive intestinal peptide in the central nervous system in
man. Am. J. Surg. 137, 123-127 (1979)

J. Miskowiak, B. Andersen, F. Stadil, J. Fahrenkrug, Meal sti-
mulated levels of pancreatic polypeptide (PP) and vasoactive
intestinal polypeptide (VIP) in gastroplasty for morbid obesity.
Regul. Pept. 12, 231-236 (1985)

J.M. Kellum, J.F. Kuemmerle, T.M. O’Dorisio, P. Rayford, D.
Martin, K. Engle, L. Wolf, H.J. Sugerman, Gastrointestinal hor-
mone responses to meals before and after gastric bypass and
vertical banded gastroplasty. Ann. Surg. 211, 763—770 (1990)
R.F. Harty, P.H. Pearson, T.E. Solomon, J.E. McGuigan, Chole-
cystokinin, vasoactive intestinal peptide and peptide histidine

@ Springer

50.

51.

52.

53.

54.

55.

56.

57.

methionine responses to feeding in anorexia nervosa. Regul.
Pept. 36, 141-150 (1991)

I. Dawidson, M. Blom, T. Lundeberg, E. Theodorsson, B.
Angmar-Mansson, Neuropeptides in the saliva of healthy
subjects. Life Sci. 60, 269-278 (1997)

C.A. Burdon, P. Ruell, N. Johnson, P. Chapman, S. O’Brien, H.T.
O’Connor, The effect of ice-slushy consumption on plasma
vasoactive intestinal peptide during prolonged exercise in the heat.

J. Therm. Biol. 47, 59-62 (2015)

D. Vaudry, A. Falluel-morel, S. Bourgault, M. Basille, D. Burel,
O. Wurtz, A. Fournier, B.K.C. Chow, H. Hashimoto, L. Galas,
H. Vaudry, Pituitary adenylate cyclase-activating polypeptide
and its receptors: 20 years after the discovery. Pharmacol. Rev.
61, 283-357 (2009)

A. Sarrieau, M. Najimi, F. Chigr, N. Kopp, D. Jordan, W. Ros-
tene, Localization and developmental pattern of vasoactive
intestinal polypeptide binding sites in the human hypothalamus.
Sinapse 17, 129-140 (1994)

Y. Masuo, T. Ohtaki, Y. Masuda, M. Tsuda, M. Fujino, Binding
sites for pituitary adenyloate cyclase activating polypeptide
(PACAP) commparison with vasoactive intestinal polypeptide
(VIP) binding site localization in rat brain sections. Brain Res.
575, 113-123 (1992)

L. Mounien, P. Bizet, I. Boutelet, G. Gourcerol, A. Fournier, H.
Vaudry, S. Jégou, Pituitary adenylate cyclase-activating poly-
peptide directly modulates the activity of proopiomelanocortin
neurons in the rat arcuate nucleus. Neuroscience 143, 155-163
(2006)

L. Mounien, P. Bizet, I. Boutelet, G. Gourcerol, M. Basille, B.
Gonzalez, H. Vaudry, S. Jégou, Expression of PACAP receptor
mRNAs by neuropeptide Y neurons in the rat arcuate nucleus.
Ann. N. Y. Acad. Sci. 1070, 457-461 (2006)

P. Wiik, Glucocorticoids upregulate the high affinity receptors
for vasoactive intestinal peptide (VIP) on human mononuclear
leu-cocytes in vitro. Regul. Pept. 35, 19-30 (1991)



Anexo C: Artigo da Tese Publicado

Corticotrophin-releasing factor mediates vasoactive intestinal peptide induced
hypophagia and changes in plasma parameters.

Marcela Cristina Garnica-Siqueira, Andressa Busetti Martins,
Dimas Augusto Morozin Zaia, Cristiane Mota Leite,

Ernane Torres Uch6a*, Cassia Thais Bussamra Vieira Zaia*.

Hormones and Behavior, v. 105, p. 138-145, 2018.



Hormones and Behavior 105 (2018) 138-145

Contents lists available at ScienceDirect

Hormones

and Behavior

Hormones and Behavior

journal homepage: www.elsevier.com/locate/yhbeh

Corticotrophin-releasing factor mediates vasoactive intestinal peptide-

Checl for

induced hypophagia and changes in plasma parameters s

Marcela Cristina Garnica-Siqueira?, Andressa Busetti Martins®, Dimas Augusto Morozin Zaiab,
Cristiane Mota Leite®, Ernane Torres Uchda® , Cassia Thais Bussamra Vieira Zaia™

@ Laboratory of Neuroendocrine Physiology and Metabolism, Department of Physiological Sciences, State University of Londrina, Londrina, PR, Brazil
b Laboratory of Prebiotic Chemistry, Department of Chemistry, State University of Londrina, Londrina, PR, Brazil
¢ Universidade Norte do Parang, Londrina, PR, Brazil

ARTICLE INFO ABSTRACT

Keywords: Vasoactive intestinal peptide (VIP) and corticotrophin-releasing factor (CRF) are anorexigenic neuropeptides that act in the
VIP hypothalamus to regulate food intake. Intracerebroventricular (ICV) microinjection of VIP pro-motes increased plasma
PVN adrenocorticotrophic hormone (ACTH) and corticosterone, indicating that VIP activates hypothalamic-pituitary-adrenal axis.
Antalarmin The aim of this study was to evaluate the interaction between VIP and CRF, by verifying the effects of ICV administration of
ér;lc-:;t::agme i VIP on the activity of neurons and CRF mRNA expression in paraventricular nucleus of hypothalamus (PVN). In addition, it

was evaluated the effects of pretreatment with CRF type 1 receptor (CRFR1) antagonist (Antalarmin, ANT) or CRF type 2
receptor (CRFR2) antagonist (Antisauvagine-30, AS30) on VIP-induced changes on food intake and plasma parameters of
male rats. Compared to Saline group, VIP increased not only the number of Fos-related antigens (FRA)-immunoreactive
neurons in the PVN but also CRF mRNA levels in this nucleus. Both ANT and AS30 treatment attenuated the inhibition of
food intake promoted by VIP, ANT showing a more pronounced effect. Both antagonists also attenuated VIP-induced
reduction and enhancement of free fatty acids and corticosterone plasma levels, respectively, and only AS30 was able to
attenuate the hyperglycemia. These results suggest that CRF is an important mediador of VIP effects on energy balance, and
CRFR1 and CRFR2 are involved in these responses.

Corticosterone
Free fatty acids

1. Introduction

Vasoactive intestinal peptide (VIP) is a 28-amino acid neuropeptide
widely distributed in the central nervous system (CNS) and it acts as
neuromodulator (Schutzberg et al., 1980). Neurons expressing VIP are
distributed in the CNS, such as the cortex, hippocampus, amygdaloid nucleus,
thalamus and hypothalamus. VIP binds with high affinity to its receptors
VPAC1, primarily expressed in the hippocampus and cortex, and in a lesser
extent in the hypothalamus (Joo et al., 2004), and VPAC2, expressed in the
thalamus, hypothalamus, brain steam and amygdala (Sheward et al., 1995). In
the hypothalamus, VPAC2 is found in supraoptic nucleus (SON),
suprachiasmatic nucleus, arcuate nucleus, parvocelular region of the
paraventricular nucleus (PVN) and anterior pituitary (Gerhold et al., 2001),
areas associated with neuroendocrine functions in the CNS (Usdin et al.,
1994).

It is known that VIP is released in the gastrointestinal tract in re-sponse to
feeding (Miskowiak et al., 1985), suggesting that peripheral

VIP might influence feeding behavior, since VIP can cross brain-blood-barrier
(Dogrukol-Ak et al., 2003; Dogrukol-Ak et al., 2004). According to this,
peripheral injection of VIP was shown to reduce food intake in different
species (Matsuda et al., 2005; Matsuda et al., 2006; Yu et al., 2011),
reinforcing this concept. Additionally, intracerebroventricular microinjection
of VIP in rats promotes increase of glucose plasma concentrations and
decreased food intake (Ghourab et al., 2011; Martins et al., 2018), as well as
increased plasma adrenocorticotrophic hormone (ACTH) and corticosterone
in a dose-dependent manner, in-dicating tha VIP regulates the hypothalamic-
pituitary-adrenal axis (HPA), probably by activating corticotrophin-releasing
factor (CRF) neurons (Alexander and Sander, 1994; Wang et al., 1998). In
addition, although the hypothalamic release of VIP in response to feeding is
not evidenced in the literature, it can be suggested that VIP is released in the
hypothalamus, or at least in part involved in feeding-induced changes in the
PVN, since Alexander et al. (1995) demonstrated that VIP release in the PVN
mediates food-induced ACTH and CORT
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secretion.

CREF reduces food intake (Arase et al., 1988) and it is classically known as
the main secretagogue of the HPA axis, which can also be regulated by
vasopressin, a neuropeptide co-localized with CRF neurons especially in the
medial parvocellular PVN (Piekut and Joseph, 1986) that stimulates ACTH
secretion in the presence of CRF (Rivier and Vale, 1983). CRF acts through
specific receptors, type 1 (CRFR1) and type 2 (CRFR2). CRFR1 has a large
CNS distribution, with significant expres-sion in the cerebellum, limbic
structures, dorsal and medial raphe nu-clei, PVN and anterior and
intermediate pituitary (Chalmers et al., 1995; Van Pett et al., 2000), being
related to the activation of the HPA axis by its presence in the corticotrophs
(Gutman et al., 2003). CRFR2 is expressed in the olfactory bulb, amygdala,
nucleus of the solitary tract, hippocampus, raphe nuclei, and hypothalamus, in
ventromedial nu-cleus, SON, and PVN (Lovenberg et al., 1995; Van Pett et
al., 2000), hypothalamic areas related to food intake control and the anorexic
ef-fects of CRF (Vaughan et al., 1995).

Thus, as VIP activates HPA axis and both VIP and CRF are anor-exigenic
neuropeptides, it was hypothesized that CRF acts as mediator of VIP-induced
changes on food intake and plasma metabolic para-meters. For this purpose,
the present study aimed to evaluate the effects of VIP on the activity of PVN
neurons and CRF mRNA expression in the PVN, as well as the involvement
of CRFR1 and CRFR2 on VIP-induced changes on food intake and
corticosterone, glucose and free fatty acids plasma parameters.

2. Material and methods
2.1. Animals

Male Wistar rats (260—-280 g, n = 224), from the Central Animal Care
Facility of the State University of Londrina (UEL), were housed in cages at
controlled temperature (22 + 2 °C) with a fixed light-dark cycle (light from
6:00 AM to 6:00 PM). Animals had ad libitum access to pelleted rat chow and
water, unless otherwise specified. To improve adaptation to the laboratory
environment, rats were daily handled be-fore the experiments. All
experimental procedures were conducted between 7:00 AM and 12:00 PM
and were approved by local Ethics Commission on the Use of Animals
(protocol number 14371.2017.44).

2.2. Intracerebroventricular (ICV) surgery

Animals were anesthetized with an association of ketamine (K, 100
mg/kg, Agener Unido, 10%)/xylazine hydrochloride (X, 20 mg/kg,
Anasedan®, Vetbrands, Jacarei, Brazil, 2%) intraperitoneally, placed in a
stereotaxic instrument (David Kopf Instruments, model 900) with bregma and
lambda in a horizontal plane. A stainless-steel guide can-nula (0.7 mm
external diameter, 0.4 mm internal diameter and 10 mm length) was
implanted in the right lateral ventricle according to Paxinos and Watson's
(1997) atlas coordinates: 0.8 mm caudal to bregma, 3.6 mm below the
skullcap and 1.5 mm lateral to the sagittal suture. Cannula was fixed to the
cranium using dental acrylic resin and two jeweller's screws. Within the
implanted cannula, a 30-gauge metal ob-turator filled the cannula except
during the microinjections. After sur-gery, rats received prophylactic dose of
antibiotic (50,000 units of pe-nicillin G: 0.1 mL per 100 g of body weight,
intramuscularly) and paracetamol (200 mg/kg, orally). Animals were kept in
collective cages containing a maximum of three animals, for better surgery
recovery. Three days before the experiment, they were accommodated in in-
dividual cages for adaptation. Cannula placement was verified by sec-tioning
the brain in a cryostat at the end of the experiment, in all groups.

2.3. Perfusion, tissue preparation, and Immunohistochemistry

Animals were anesthetized with an intraperitoneal K + X injection
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and were transcardially perfused with 200 mL of cold isotonic saline (0.15 M)
containing heparin (1:80), followed by 400 mL of cold 4% paraformaldehyde
solution in 0.1 M phosphate buffer (PB, pH 7.4), using a peristaltic bomb with
a speed of 10 mL per minute. The brain was removed, fixed in 4%
paraformaldehyde for 1 h and stored at 4 °C in PB containing 30% sucrose.
Coronal sections of 30 um were obtained in a cryostat (Leica), collected in
PB and stored in cryoprotectant so-lution at —20 °C. Sections were processed
for FRA (Fos-related antigens) immunoreactivity by incubating for 48 h at 4
°C with an anti-FRA an-tibody (K25, Santa Cruz) diluted 1:2.000 in 0.1 PB
containing 1.5% normal goat serum and 0.3% Triton. Free-floating sections
were then washed with 0.01 PB and incubated with biotin-labelled anti-rabbit
immunoglobulin (Vector Inc., Ca, USA, 1:200 dilution in 1.5% normal goat
serum-PB) and after with the avidin-biotin-peroxidase complex (Vectastain,
1:200 in PB), for 1 h each at room temperature. For de-tection FRA labelling,
diaminobenzidine hydrochloride (DAB, Sigma CO., Ca, USA, 0.01%) was
used and intensified with 1% nickel am-monium sulfate. Thereafter, sections
were mounted on gelatinized slides, air-dried overnight, dehydrated in xylene
and placed under a cover slip with Ethelan (New Jersey, USA).

The PVN was identified according to Paxinos and Watson (1997) brain rat
atlas. Medial (PaMP) and ventral (PaV) subdivisions of the PVN were
considered at —1.80 mm, and posterior parvocellular (PaPo) subdivision of the
PVN was considered at -2.12 mm from bregma. FRA immunoreactive
neurons were quantified with the aid of an image system attached to a
microscope (Motic). FRA-immunoreactivity neu-rons, indicated in black
staining, were identified when the nuclear structure demonstrated a clear
immunoreactivity compared with the background level. Sections were
counted for PaMP, PaV and PaPo, and the visual counting of neurons
expressing FRA was performed in one or two sections from ten to twelve
animals of each experimental group by participants blind to the experimental
protocols.

2.4. Microdissection, total RNA isolation and quantitative real-time PCR

Microdissections of the PVN were obtained using a stainless punch
needle 1.5 mm in diameter, in a cryostat according to coordinates from —0.92
to =2.12 for PVN (1200 um) from bregma. Total RNA was isolated from
each micropunched hypothalamic tissue sample using Trizol reagent
(Invitrogen®, New Zealand) according to the manufac-turer's protocol. The
RNA concentration in each sample was determined using a Multi-detection
microplate reader (Synergy HT, BioTek), and 500 ng of RNA was used for
cDNA synthesis using the High Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, USA). Quantitative real-time PCR was performed using
an Applied Biosystems 7500 real-time PCR system. The TagMan® Gene
Expression Assay (Applied Biosystems) used in this study was Rn
01462137_m1 (CRF). Each PCR reaction was performed in duplicate. Water
(instead of cDNA) was used as negative control. Housekeeping gene, beta
actin, was run for each cDNA sample. The determination of gene transcript
levels in each sample was obtained by the CT method. For each sample, the
threshold cycle (Ct) was determined and normalized to the average of the

housekeeping gene ( Ct = Ctunknown —CtHousekeepinggenes). The fold-change
of mRNA expression in the unknown sample relative to the

control group was calculated as 2- o where

Ct= Ctunknown — Ctcontrol (Livak and Schmittgen, 2001). Data are
shown as mRNA expression relative to the control group (Saline).

2.5. Experimental protocols

All animals were subjected to ICV surgery. After 6 days of recovery, they
were fasted for 16 h, and on the seventh day after surgery, the experimental
tests were performed.

The drugs ICV microinjected for the experiments were: VIP (Sigma Co.,
CA), 40 ng/g body weight (BW) in 6 uL microinjected in 1 min, and sterile
saline (0.9% NaCl, 6 yL in 1 min) was microinjected as vehicle.
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The dose of VIP was chosen based on different works from the literature
(Alexander and Sander, 1994; Tachibana et al., 2003; Ghourab et al., 2011,
Martins et al., 2018). Antalarmin (ANT, C24H34N4-HCI, Sigma Co., CA;
0.25 pg in 5 pL/1 min), CRFR1 antagonist, or vehicle (0.9% NaCl/absolute
ethanol/SDS/DMSO in 5 uL/1 min) was microinjected and the dose of ANT
was selected based on doses previously used in the literature (Zorilla et al.,
2002; Chotiwat and Harris, 2008). Anti-sauvagine-30 (AS30, p-Phet?, His2-
Sauvagine 11-40, Peninsula/Ba-chem, 5 pg in 5 pL/1 min), CRFR2
antagonist, or vehicle (0.9% NaCl in 5 pyL/1 min) was microinjected and the
dose was tested in previous work (Uchoa et al., 2010).

2.6. Experiment 1: effects of microinjection of VIP on PVN neuron
activation

Animals received ICV microinjection of VIP or saline. After 90 min,
animals were transcardially perfused for brain tissue collection and
immunohistochemistry studies (Hoffmann and Murphy, 2000).

2.7. Experiment 2: effects of microinjection of VIP on CRF mRNA
expression in the PVN

Animals received ICV microinjection of VIP or saline. After 60 min
(Bredow et al., 1994), animals were decapitated and the brains were collected
under RNAse-free conditions, immediately frozen in dry ice and stored at —80
°C for determination of CRF mRNA expression in the PVN.

2.8. Experiment 3: effects of pretreatment with CRFR1 or CRFR2 antagonist
on VIP-induced responses on food intake

A first set of animals received ICV microinjection of CRFR1 an-tagonist,
ANT, or vehicle. Another set of animals received ICV micro-injection of
CRFR2 antagonist, AS30 or vehicle. After 15 min, animals of both
experiments received ICV microinjection of VIP or saline. Fifteen minutes
after these microinjections, all animals had access to food (50 g), and food
intake was quantified (9/100 g BW) after 120 min.

2.9. Experiment 4: effects of pretreatment with CRFR1 or CRFR2 antagonist
on VIP-induced changes on plasma parameters

A first set of animals received ICV microinjection of CRFR1 an-tagonist,
ANT, or vehicle. Another set of animals received ICV micro-injection of
CRFR2 antagonist, AS30 or vehicle. After 15 min, animals of both
experiments received ICV microinjection of VIP or saline. Fifteen minutes
after the microinjections, all animals were decapitated and trunk blood was
collected in heparinized tubes and centrifuged at 14,000 xg for 20 min.
Plasma was stored at —20 °C and used for bio-chemical dosages of glucose
(spectrophotometric determination based on the peroxidase reaction (Trinder,
1969), BioLiquid Glucose Com-mercial Kit, Laborclin, PR), corticosterone
(modified fluorometric method of Guillemin et al., 1959), and free fatty acids
(modified spectrophotometric method of Falholt et al., 1973).

2.10. Statistical analysis

+

Data are expressed as means SEM. Normal distribution and
homogeneity of the data were tested. t-test of Student was performed to
evaluate the effects of microinjection of VIP on PVN neuron activation and
CRF mRNA expression in the PVN, as Cohen's d for effect size es-timates
(experiments 1 and 2). Two-way ANOVA was used to evaluate the effects of
pretreatment with CRFR1 or CRFR2 antagonist on VIP-induced responses on
food intake and plasma parameters (experiments 3 and 4) followed by the
Newmann-Keuls post hoc test, and eta square for effect size estimates.
Differences were considered significant at p < 0.05.
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Fig. 1. Number of Fos related antigens-immunoreactive neurons in the medial
parvocellular (PaMP - 5000 mmz), ventral parvocellular (PaV - 3000 mm2) and posterior

parvocellular (PaPo - 8000 mmz) subdivision of the PVN of animals treated with ICV
microinjection of saline (0.9% NaCl, 6 pL in 1 min) or va-soactive intestinal peptide
(VIP; 40 ng/g BW, 6 pL in 1 min). Data are shown as means + SEM (n = 11-12
rats/group). *p < 0.05 vs. Saline group.

3. Results

3.1. Experiment 1: effects of microinjection of VIP on PVN neuron
activation

Compared to saline group (Fig. 1), VIP induced increase (p < 0.05) on the
number of FRA-immunoreactive neurons in all areas of the PVN, 130% on
PaMP (t = 4.29, df = 21, Cohen's d = 1.8), 205% on PaV (t = 3.79, df = 21;
Cohen's d = 1.6) and 136% on PaPo (t = 3.35, df = 20; Cohen's d = 1.5).

3.2. Experiment 2: effects of microinjection of VIP on CRF mRNA
expression in the PVN

Animals treated with VIP showed elevation (p < 0.05) in 44% of CRF

mRNA expression in the PVN compared to saline group (t = 2.24, df = 16,
Cohen's d = 1.1; Fig. 2).

3.3. Experiment 3: effects of pretreatment with CRFR1 or CRFR2 antagonist
on VIP-induced responses on food intake

Vehicle-VIP animals showed reduction (p < 0.03) of about 50% on
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Fig. 2. Relative CRF mRNA expression in the PVN of animals treated with ICV
microinjection of saline (0,9% NaCl, 6 yL in 1 min) or vasoactive intestinal peptide
(VIP; 40 ng/g BW, 6 pL in 1 min). Data are shown as mean + SEM (n = 8-10
rats/group). *p < 0.05 vs. Saline group.
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Fig. 3. Food intake (g/100 g body weight) for 120 min after ICV microinjection of saline (0,9% NaCl, 6 pL in 1 min) or vasoactive intestinal peptide (VIP; 40 ng/g BW, 6 pL in 1 min)
in animals pretreated with ICV microinjection of vehicle or antalarmin hydrochloride (ANT; 0.25 g in 5 yL/1 min) (A), and vehicle or D-Phell,Hislz-Sauvagine 11-40 (antisauvagine-
30, AS30; 5 g in 5 puL/1 min) (B). Data are shown as means + SEM (n = 1016 rats/group). *p < 0.05 vs. respective saline group.

#p < 0.05 vs. vehicle/VIP group.

food intake compared to Vehicle-Saline group. On the other hand, after ANT
microinjection (CRFR1 antagonist), food intake of VIP treated animals did
not differ from saline group, while it was higher (p < 0.05) than Vehicle-VIP
group, an attenuation of 59% of the VIP-induced in-hibition of food intake
(Fig. 3A). There was an interaction between antagonist treatment (Vehicle or
ANT) and drug treatment (Saline or VIP) on the food intake (F(3,50) = 9.1, p
=0.004, eta

square = 11.12%). We observed an effect of drug treatment (F

(3,50) = 32.6, p < 0.001, eta square = 39.68%) on food intake, with

no effect of antagonist treatment (F(3,50) = 1.6, p=0.217; eta
square = 1.90%). Differently, AS30-VIP group showed lower
(p <0.05) food intake  than AS30-Saline animals, but higher
(p < 0.05) food intake than Vehicle-VIP group. AS30 attenuated in

52% VIP-induced inhibition (Fig. 3B). There was no interaction be-

tween antagonist treatment (Vehicle or AS30) and drug treatment

(Saline or VIP) on the food intake (F(3,45) = 3.6, p = 0.064, eta

square = 3.33%). We observed an effect of antagonist treatment (F

(3,45) = 7.5, p = 0.009, eta square = 7.0%) and drug treatment (F

(3,45) =44.2, p < 0.001, eta square = 41.14%) on food intake.

3.4. Experiment 4: effects of pretreatment with CRFR1 or CRFR2 antagonist
on VIP-induced responses on plasma parameters

In vehicle-pretreated animals, VIP microinjection induced increase (p <
0.05) on corticosterone plasma levels (Fig. 4A and B) compared to Saline
treatment. When pretreated with ANT, there was no difference on
corticosterone plasma levels between Saline and VIP microinjec-tions, with
no difference between ANT-VIP and Vehicle-VIP groups. There was no
interaction between antagonist treatment (Vehicle or ANT) and drug
treatment (Saline or VIP) on corticosterone plasma concentration (F(3,41) =
0.2, p = 0.666, eta square = 0.42%). We ob-served an effect of drug treatment
(F(3,41) = 7.5, p = 0.01; eta square = 16.69%) on corticosterone plasma
concentration, with no effect of antagonist (F(3,41) = 0.8, p = 0.381, eta
square = 1.76%). Within pretreatment with AS30, similarly, no difference was
observed on corticosterone levels between Saline and VIP groups, and AS30
pretreatment reduced (p < 0.05) this parameter in animals treated with VIP
compared to Vehicle-VIP group. There was no interaction between antagonist
treatment (Vehicle or AS30) and drug treatment (Saline or VIP) on
corticosterone plasma concentration (F(3,43) = 2.4, p = 0.126, eta square =
3.85%). We observed an effect of drug treat-ment (F(3,43) = 17.0, p < 0.001,
eta square = 26.87%) on corticos-terone plasma concentration, with no effect
of antagonist (F (3,43) = 2.2, p = 0.148, eta square = 3.42%).
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Blood plasma glucose concentrations (Fig. 4C and D) were increased (p <
0.001) by VIP microinjection in vehicle-pretreated animals compared to its
control. Likewise, after ANT pretreatment, VIP treat-ment also promoted
enhancement (p < 0.001) on glucose plasma le-vels and had no difference
with Vehicle-VIP group. There was no in-teraction between antagonist
treatment (Vehicle or ANT) and drug treatment (Saline or VIP) on glucose
plasma levels (F(3,41) = 0.3, p = 0.597, eta square = 0.32%). We observed an
effect of drug treat-ment (F(3,41) = 53.0, p < 0.001, eta square = 59.22%) on
glucose plasma levels, with no effect of antagonist (F(3,41) = 0.8, p < 0.377,
eta square = 0.89%). After pretreatment with AS30, VIP treated ani-mals also
showed increase (p < 0.001) on glucose plasma levels compared to Saline
treatment, however AS30 reduced (p < 0.002) blood glucose when compared
to Vehicle in VIP-treated groups. There was no interaction between
antagonist treatment (Vehicle or AS30) and drug treatment (Saline or VIP) on
glucose plasma levels (F(3,43) = 4.0, p = 0.053, eta square = 2.17%). We
observed an effect of antagonist (F

(3,43)=6.8, p =0.012, eta  square = 3.73%) and
(3,43) =129.3, p < 0.001, eta square = 70.39%) on glucose plasma
levels.

In vehicle-pretreated groups, VIP microinjection decreased (p < 0.05) free
fatty acids plasma levels (Fig. 4E and F) compared to Saline. Nevertheless, in
ANT and AS30 pretreated animals, there was no difference on free fatty acids
plasma concentrations between Saline and VIP treatments. Additionally, no
difference was observed in the com-parison of Vehicle with ANT or AS30 in
VIP-treated groups. There was no interaction between antagonist treatment
(Vehicle or ANT) and drug treatment (Saline or VIP) on free fatty acids
plasma levels (F (3,41) = 0.5, p = 0.47, eta square = 0.13%). We observed an
effect of drug treatment (F(3,41) = 5.6, p = 0.02, eta square = 13.34%) on free
fatty acids plasma levels, with no effect of antagonist (F(3,41) = 0.01, p =
0.939, eta square = 0.01%). Regarding AS30, there was an inter-action
between antagonist treatment (Vehcile or AS30) and drug treatment (Saline or
VIP) on free fatty acids plasma levels (F (3,43) = 4.1, p = 0.049, eta square =
7.77%). We observed an effect of drug treatment (F(3,43) = 7.1, p = 0.011;
eta square = 13.38%) on free fatty acids plasma levels, with no effect of
antagonist (F (3,43) = 0.05, p = 0.824, eta square = 0.09%).

drug (F

4. Discussion

The present study was undertaken to evaluate the effects of ICV
microinjection of VIP on the activity of neurons and CRF mRNA ex-pression
in the PVN. In addition, the effects of CRFR1 or CRFR2
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Fig. 4. Blood plasma levels of corticosterone (ug/dL) (A and B), glucose (md/dL) (C and D), and free fatty acids (umoles/dL) (E and F) of animals after ICV microinjection of saline
(0,9% NacCl, 6 pL in 1 min) or vasoactive intestinal peptide (VIP; 40 ng/g BW, 6 pL in 1 min), pretreated with ICV microinjection of vehicle or antalarmin hydrochloride (ANT; 0.25 pg

in 5 pL/1 min) (A, C, E), and vehicle or D—Phen,Hislz—Sauvagine 11-40 (antisauvagine-30, AS30; 5 pg in 5 yL/1 min) (B, D, E). Data are shown as means + SEM (n = 10-12

rats/group). *p < 0.05 vs. respective saline group. #p < 0.05 vs. vehicle/VIP group.

antagonists on VIP-induced changes on food intake and plasma para-meters
of rats were also investigated. Increased activity of PVN neurons and CRF
mMRNA expression were observed after ICV microinjection of VIP.
Additionally, CRFR1 or CRFR2 antagonists reduced the anorexi-genic effect
of VIP on food intake, and they were able to attenuate changes on plasma
parameters in response to VIP.

The present study was the first to demonstrate that microinjection of VIP
in the lateral ventricule promoted increases on CRF mRNA ex-pression in the
PVN as well as on the activity of parvocellular PVN neurons, in subdivisions
with high expression of CRF neurons. In ac-cordance with this, Alexander
and Sander (1995) observed that
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microinjection of VIP in the PVN stimulated the secretion of ACTH and
corticosterone, and pretreatment with CRF antagonist inhibited these
responses, suggesting that the activation of the HPA axis by VIP is mediated
by its action through CRF neurons. On the other hand, in chicks, ICV
injection of VIP lowered CRF mRNA expression in the diencephalon
although injection of VIP increased plasma corticos-terone, possibly by
negative feedback (Khan et al., 2013).

It can predict that the majority of those FRA immunoreactive neu-rons
were CRF neurons, since CRF is highly expressed in the subdivi-sions of the
PVN evaluated (Sawchenko et al., 1984; Imaki et al., 1992; Rorato et al.,
2008). In addition, although the well-established concept
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that mMRNA expression may not be associated with protein synthesis, VIP-
induced increase on CRF mRNA expression in PVN also reinforces the
hypothesis that at least part of those VIP-induced activated neurons are CRF
neurons. Accordingly, the increased CRF mRNA expression and neuronal
activity in the PVN after VIP microinjection strongly suggest that CRF is a
mediator of the central effects of VVIP on energy home-ostasis. Microinjection
of VIP in the lateral ventricle promoted hypo-phagia and CRF receptors
antagonists, ANT and AS30, decreased the anorexigenic effects induced by
VIP. This finding demonstrates the well established anorexigenic effect of
VIP, as shown by the reduction of food intake after VIP microinjection in
different species (Almeida et al., 2002; Ghourab et al., 2011; Martins et al.,
2018; Matsuda et al., 2005; Tachibana et al.,, 2003). Additionally,
pretreatment with CRF receptor antagonists attenuated VIP-induced
hypophagia, demonstrating the important role of both CRF receptors as
mediators of VIP actions. In-deed, pretreatment with CRFR1 antagonist,
antalarmin, promoted re-duction and CRFR2 antagonist, antisauvagine-30,
partially reduced the hypophagia induced by VIP. It is well known that CRF
has a major role in the control of endocrine, autonomic and behavioral
responses to stress (Henckens et al., 2016), mediated by the two receptor
subtypes, CRFR1 and CRFR2, which present different roles.

Accordingly, it was demonstrated in chicks that the anorexigenic effect of
VIP is mediated by CRF, by the unespecific blockage of CRF receptor
(Tachibana et al., 2004). Reports suggest that the inhibition of food intake
induced by CRF is mediated only by CRFR2, since CRF could inhibit food
intake both in CRFR1-deficient and wild-type mice equally (Contarino et al.,
2000), and CRF-induced inhibition of food intake was blocked by a selective
CRFR2 antagonist but not by NBI127914, a CRFR1 antagonist (Pelleymounter
et al., 2000). However, Sekino et al. (2004) showed that ICV microinjection
of CRFR2 an-tagonist, AS30, partially attenuated the inhibition of food intake
and CRFR1 antagonist, CRA1000, almost completely reduced the inhibition
of food intake induced by stress. Peripheral injection of CRFR1 an-tagonist
also decreased the stress-induced hypophagia (Hotta et al., 1999) and
knockout mice for CRFR1 showed no response for urocortin-induced
hypophagia and weight loss after food deprivation (Bradbury et al., 2000).
Central and peripheral tissues analyzed for mRNA ex-pression of CRF
receptors observed that CRFR1 is expressed in the pi-tuitary gland and
pancreatic islets but is predominantly expressed in the cerebrum. On the other
hand, CRFR2 mRNA is expressed in the cere-brum, skeletal muscle, brown
adipose tissue and liver (Sakamoto et al., 2013). These data confirm the
CRFR1 and CRFR2 involvement in the HPA axis and suggests the control of
energy homeostasis at central and peripheral levels, and also demonstrate
functional diversity between CRFR1 and CRFR2 (Chotiwat and Harris,
2008). The current study corroborates with these data, since both CRFR1 and
CRFR2 receptor antagonists decreased VIP-induced hypophagia, and CRFR1
receptor antagonist, ANT, showed a more pronounced effect. AS30 and ANT
did not significantly change food intake in control rats, as observed in other
studies (Hotta et al., 1999; Sekino et al., 2004).

Regarding plasma parameters, ICV microinjection of VIP increased
corticosterone plasma concentrations, which corroborates with data obtained
by Alexander and Sander (1994), who observed increased plasma
corticosterone after microinjection of VIP in the PVN of rats. In chicks, VIP
microinjection in the lateral ventricule also promoted sig-nificant increase of
corticosterone plasma levels (Khan et al., 2013). As seen, central
microinjection of VIP promoted hyperglycemia and in-creased corticosterone
suggesting that VIP acts centrally through CRF neurons, since intraperitoneal
injection of VIP did not follow the in-creases in glucose and corticosterone
plasma concentrations (Itoh et al., 1982; Nagai et al., 1994). Previous studies
demonstrated that knockout mice for CRFR1 receptor had reduced
corticosterone plasma con-centrations (Bradbury et al., 2000; Sakamoto et al.,
2013), and pre-atreatment with an unespecific CRF antagonist followed by
micro-injection of VIP in the PVN reduced the VIP-induced increase in
ACTH and corticosterone (Alexander and Sander, 1995). The current work is
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in accordance with this hypothesis, since the lack of VVIP-induced in-crease on
corticosterone plasma levels in animals pretreated with CRFR1 and CRFR2
receptor antagonists strongly suggest that this re-ceptor is involved in VIP
activation of HPA axis.

Microinjection of VIP also promoted hyperglycemia, an effect ob-served
in previous studies (Martins et al., 2018; Nagai et al., 1994). However,
pretreatment with AS30 was able to reduce VIP-induced in-crease on glucose
plasma levels, while ANT did not change the hy-perglycemia promoted by
VIP. These effects indicate the participation of CRF on the hyperglycemia
promoted by VIP, especially through CRFR2, known to mediate the anorexic
effects of CRF (Vaughan et al., 1995). In this context, CRFR2 mRNA was
shown to be highly expressed in medial parvocellular cells of PVN, a
subdivision that was highly activated in response to VIP in the current work,
as well as in the nu-cleus of the solitary tract and ventromedial nucleus of the
hypotha-lamus (Chalmers et al., 1995; Van Pett et al., 2000), while CRFR1
mRNA is less expressed in these regions. Martins et al. (2018) demon-strated
that pretreatment with oxytocin receptor antagonist reduced VIP-induced
increase on glucose plasma levels, suggesting that VIP ef-fects may also be
due to simpathetic activation mediated by PVN pathways, since PVN control
pituitary-adrenal axis and oxytocin neu-rons contribute to sympathetic
activity regulation (Nunn et al., 2011; Yee et al., 2016). In addition, VIP
microinjection decreased free fatty acids plasma concentrations. This result
was demonstrated by Martins et al. (2018) and differs from Richter et al.
(1989) that perfomed an in vitro experiment with human adipose tissue and
observed that VIP in-creased the release of free fatty acids. Pretreatments
with both ANT and AS30 were able to attenuate VIP effects on free fatty
acids plasma le-vels, since microinjection of VIP did not change this
parameter after the tretament with these antagonists.

Although VIP-induced changes on urocortins were not evaluated in the
current study, Khan et al. (2013) demonstrated that VIP affects not only CRF
but also urocortin 3 mRNA expression in the diencephalon of chicks,
indicating that VIP is related to CRF systems. Thus, it cannot be discarded
that VIP can also act through urocortins systems in rats, since it is known that
this peptide is a potent agonist for CRFR2, which was demonstrated to
participate on VIP-elicited responses (Perrin and Vale, 1999; Bittencourt et
al., 1999; Reyes et al., 2001).

Finally, the hypothalamus acts as the major center control of food intake
and body weight and its different nuclei are implicated in dif-ferent neuronal
pathways that generate integrated responses (Schwartz et al., 2000; Woods et
al., 1998). The arcuate nucleus is localized ad-jacent to the third ventricule's
floor, which receives peripheral signaling such as leptin and insulin (Satoh et
al., 1997). Distinct neuronal po-pulations are responsible to initiate circuits
with high specialized roles in energy homeostasis. Neuropeptide Y and
Agouti-related peptide are co-localized in arcuate nucleus neurons and
comprise an anabolic pathway, while proopiomelacortin and cocaine- and
amphetamine-regulated transcript are co-localized in an adjacent subset of
arcuate nucleus neurons and initiate a catabolic pathway (Elias et al., 1998;
Hahn et al., 1998). CRF neurons in the PVN are innervated by a-mel-
anocyte-stimulating hormone (a-MSH), a post-translational processing of
POMC, and CRF was demonstrated to be an anorexigenic mediator of a-
MSH (Lu et al., 2003). Thus, as shown in the present study, CRF mediates
different effects of VIP in male rats, as seen that blockade of both CRFR1 and
CRFR2 attenuated hypophagia and plasma parameters changes in response to
VIP. Additionally, Ghourab et al. (2011) showed a reversion of hypophagia
induced by VIP when pretreated with a-MSH antagonist and incubation of
hypothalamic explantes with VIP pro-moted increase in a-MSH release.
Oxytocin was also demonstrated to be a mediator of anorexigenic responses
induced by a-MSH and CRF (Olson et al., 1991; Yosten and Samson, 2010)
and pretreatment with oxytocin receptor antagonist blunted VIP-induced
anorexia, suggesting that VIP may modulate the a-MSH-CRF-oxytocin
pathway (Martins et al., 2018) (Fig. 5).

In conclusion, our study shows that VIP increases neuronal activity
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a-MSH

ARC

in the medial, ventral and posterior parvocellular PVN subdivisions, as well
as CRF mRNA expression in the PVN. Furthermore, VIP was de-monstrated
to promote hypophagia, hyperglycemia, elevation of corti-costerone plasma
levels, and reduction of free fatty acids plasma levels. For the first time in the
literature, the specific contribution of each CRF receptor to VIP-induced
effects was observed. Pretreatment with CRFR1 and CRFR2 receptors
antagonists were able to reverse the inhibition of food intake promoted by
VIP, with ANT showing a more pronounced effect. Both antagonists
attenuated VIP-induced changes on free fatty acids and corticosterone plasma
levels, and only AS30 was able to at-tenuate the hyperglycemia. These data
show that CRF is an important mediador of VIP responses on energy balance,
and both CRFR1 and CRFR2 participate in these effects.
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