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RESUMO

As hemorfinas sdo peptideos derivados da cadeia B-globina da hemoglobina.
LVV-hemorfina-6 e LVV-hemorfina-7 (LVVS) sao hemorfinas bioativas, que
apresentam sequéncia de residuos de aminoacidos semelhante, diferindo
apenas pelo aminoacido Fenilalanina na extremidade N-terminal de LVV-
hemorfina-7. Ambas hemorfinas reduzem o comportamento tipo-ansiedade e
tipo-depressdo, sendo este Ultimo, promovido pela LVV-h7, dependente da
ativacdo e receptores de ocitocina, mas ndo o efeito evocado pela LVV-h6.
Somado a isso, os dados na literatura acerca dos efeitos cardiovasculares
evocados pela LVV-h7, sdo controversos e ndo ha estudos dos efeitos de LVV-h6
sobre esse sistema fisiolégico. Diante disso, 0 objetivo deste estudo foi
identificar os mecanismos envolvidos nos efeitos comportamentais e, também
verificar os efeitos sobre a vasomotricidade e funcéo cardiaca na artéria aorta e
coracao isolado de ratos Wistar. Os protocolos experimentais foram realizados
de acordo com as normas de uso de animais, sob aprovacdo do projeto pelo
comité de ética e uso de animais da UFG (Protocolo de aprovacao n°® 090/14). Foi
utilizado o Labirinto em Cruz Elevada (LCE) para avaliagdo do comportamento
tipo-ansiedade e, em seguida foram colocados no campo aberto (CA) para
avaliacdo da locomocdo. Para avaliar o comportamento tipo- depressdo foi
utilizado o teste de Nado Forcado (NF). A técnica de vaso isolado foi utilizada
para avaliar a reatividade vascular em anéis isolados da aorta toracica e a
técnica Langendorff para avaliar a fungdo cardiaca em coracéo isolado de ratos
Wistar. O efeito tipo-ansiolitico de ambas hemorfinas ndo depende da rota de
biossintese de catecolaminas ou da ativacédo de receptores opidides. Contudo, o
efeito tipo-antidepressivo das LVVs, foi revertido pelo blogueio de receptores
opidides, indicando a ativacdo desses receptores como mecanismo potencial.
Ambas LVVs, reduzem de maneira similar a pressao de perfusdo, a dP/dt
maxima e minima e a pressao intraventricular sistolica e diastolica em coragao
isolado de ratos, sem promover contracdo ou relaxamento de anéis de aorta
isolada de ratos. Assim, apesar das LVVs provocarem os mesmos efeitos
sobre o comportamento tipo-ansiedade e tipo-depressdo, 0S mecanismos
subjacentes sdo parcialmente diferentes, mesmo com uma substancial
similaridade na estrutura primaria dessas hemorfinas. Além disso LVVs atuam

diminuindo a funcdo cardiaca, nos parametros avaliados, em



coracao isolado de ratos normotensos sem afetar a vasomotricidade de anéis

isolados da artéria aorta de ratos normotensos.

Palavras-Chave: Hemorfinas; LVV-h6; LVV-h7; ansiedade; depresséao; funcéao

cardiaca.



ABSTRACT

Hemorphins are peptides derived from the hemoglobin -globin chain. LVV-
hemorphine-6 and LVV-hemorphine-7 (LVVs) are bioactive hemorphins, which
exhibit similar amino acid residue sequence, differing only by the amino acid
Phenylalanine at the N-terminus of LVV-hemorphine-7. Both hemorphins reduce
anxiety-like and depression-like behavior, the latter being promoted by LVV-h7,
is oxytocin receptors dependent, but not the effect evoked by LVV-h6. In addition,
the data in the literature about the cardiovascular effects evoked by LVV-h7 are
controversial and there are no studies on the effects of LVV-h6 on this physiological
system. Therefore, the objective of this study was to identify the mechanisms involved in
behavioral effects and also to verify the effects on vasomotricity and cardiac function in
the aorta artery and isolated heart of Wistar rats. The experimental protocols were
carried out according to the norms of use of animals, under project approval by
the committee of ethics and animal use of the UFG (Protocol of approval n°
090/14). The Elevated Pluz Maze (EPM) was used to evaluate the anxiety-like
behavior and were then placed in the Open Field (OF) to evaluate locomotion. To
evaluate the depression-like behavior, the Forced Swim test (FST) was used.
The isolated vessel technique was used to evaluate vascular reactivity in
thoracic aorta rings isolated and the Langendorff technique to evaluate heart
function in heart isolated from Wistar rats. The anxiolytic-like effect of both
hemorphins does not depend on the route of biosynthesis of catecholamines or
the activation of opioid receptors. However, the antidepressant-like effect of
LVVs was reversed by blockade of opioid receptors, indicating the activation of
these receptors as a potential mechanism. Both LVVs similarly reduce perfusion
pressure, maximal and minimum dP/dt and systolic and diastolic intraventricular
pressure in heart isolated from rats, without promoting contraction or relaxation
of aorta rings isolated from rats. Thus, although LVVs cause the same effects
on anxiety-like and depression-like behavior, the underlying mechanisms are
partially different, even with a substantial similarity in the primary structure of
these hemorphins. In addition, LVVs act by decreasing cardiac function, in the
evaluated parameters, in isolated heart of normotensive rats without affecting

the vasomotricity of aorta rings isolated of hormotensive rats.

Keywords: Hemorphins; LVV-h6; LVV-h7; anxiety; depression; cardiac function.



Introducao



1 ANSIEDADE

A Organizagdo Mundial da Saude (OMS/2017), define ansiedade como
um transtorno mental (1), trata-se de um sentimento subjetivo de mal-estar,
desconforto, apreensao ou temerosa preocupacao excessivamente frequente,
grave e persistente. Essa doenca pode ser classificada em ansiedade de estado
e ansiedade de traco, sendo a primeira, ansiedade momentanea em
determinadas situa¢fes, enquanto a ansiedade de traco é constante em todas
as situagoes (2).

Segundo a OMS (2017), cerca de 3,6% da populacdo mundial (264
milhdes de pessoas) € acometida por transtornos de ansiedade, com maior
prevaléncia em mulheres (4,6 %) do que homens (2,6 %). E uma doenca que
nao difere, significativamente, entre as faixas etarias (1).

Transtornos de ansiedade estdo em 6° lugar como contribuinte para
incapacitacdo de individuos em todos o mundo (1). Essa doenca resulta de
alteracdes no sistema limbico, especialmente na amigdala, que tem conexdes
com o cortex pré-frontal, e desempenha importante regulacdo da emocéao
negativa (3). A amigdala é uma regido cerebral dividida em trés subnucleos:
nacleo basolateral (formagédo e recuperacdo de memorias condicionadas ao
medo) (4), nucleo corticomedial (controle de comportamentos sociais, sexual e
processamento de respostas de defesa ao odor de predadores) (5-7) e nucleo
central da amigdala (nucleo de projecdes de saida da amigdala) (8). O estresse,
considerado o maior fator de risco (7), recruta vias do sistema limbico, que inclui

a amigdala. De fato, o estresse social aumentou arborizacdo dendritica em



neurénios do nucleo basolateral da amigdala de ratos, promovendo aumento do
comportamento de evitacdo e ansiedade (9).

Além da amigdala outras areas cerebrais contribuem para expresséo dos
sintomas de ansiedade, como o hipocampo, hipotdlamo, cortex pré-frontal e
cortex cingulado (10). Entre o0s neurotransmissores reguladores do
comportamento ansiedade, evidéncias apontam para o GABA (11, 12), tendo em
vista, que ha uma reducao na neurotransmissdo GABAérgica na ansiedade (13).
O receptor GABAérgico, subtipo GABAa, tem sua estrutura e funcao
extensivamente investigada. Esse receptor é classificado como ionotrépico
especifico para ions cloreto, que tem sua atividade dependente de ligante. O
receptor GABAAa contém cinco subunidades (2 subunidade a, 2 subunidades 3 e
1 subunidade y) (14) e para abertura do canal idbnico € necessaria a ligacao de
duas moléculas do neurotransmissor GABA nas subunidades a e 3, promovendo
inibicao fasica do neurénio pelo influxo de cloreto (15).

Além da neurotransmissdo GABAérgica, evidéncias por meio de
tomografia por emissédo de positrons (PET) demonstraram o envolvimento do
sistema serotonérgico. Esses estudos identificaram, que ha menor ligacdo ao
receptor 5-HT1A (receptor inibitdério) em pacientes com transtorno do panico (16,
17) o que pode estar relacionado com sintomas associados ansiedade (18).
Somando a isso, camundongos transgénicos sem expressao de receptores 5-
HT1B, que inibem a liberacdo de neurotransmissores no sistema nervoso
central, apos o tratamento com inibidores seletivos da recaptacdo de serotonina
(ISRS), houve aumento nos niveis de serotonina no hipocampo reduzindo o

comportamento tipo-ansiedade (19).



Somado a isso, vitimas de suicidio ttm aumento na expressdo de
receptores 5-HT2C no cértex pré-frontal (20), sugerindo que ativacdo desse
receptores possa contribuir para etiologia de transtornos de ansiedade e
sintomas como ideacéo suicida (21). Diante do fato de que o tratamento agudo
com ISRS pode promover ansiedade, sugere-se que isso esteja relacionado com
0 aumento de serotonina nas fendas sinpticas e a consequente ativacdo de
receptores 5-HT2C e de auto receptores 5-HT1A (22-26). Além disso, a ativagcédo
de receptores 5-HT2C pelo o aumento da liberacdo de serotonina do nucleo
dorsal da rafe aumenta o medo e ansiedade, via liberacdo do fator de liberagéo
de corticotrofina (CRF) no nucleo hipotalamico da stria terminalis (BNST), uma
vez que a inibicAo desses neurbnios na BNST reverte tais efeitos (27). Aléem
disso, o0 receptor 5-HT2C inibe neurbnios serotonérgicos por meio de
mecanismos dependentes do neurotransmissor GABA (28).

Além do envolvimento da neurotransmissdo GABAérgica e
serotoninérgica na regulacdo do comportamento ansiedade, ha também atuacao
dos horménios do eixo Hipotalamo Pituitaria Adrenal (HPA) (3) e, além disso, ha
evidéncias de que o processo inflamatério, imunidade, estresse oxidativo e
microbiota intestinal também podem interferir nesse comportamento (29, 30).

No individuo com ansiedade, 0s mecanismos excitatorios estédo
exacerbados e os inibitdrios estao reduzidos, pode ocorrer aumento da resposta
de defesa, por aumento da atividade da amigdala (31, 32). Todavia, em alguns
pacientes pode ocorrer o oposto, havendo baixa reatividade. Tais diferencas
podem promover sintomas diferentes entre pacientes. No primeiro caso, ha
respostas defensivas exageradas e, no segundo caso, mais relacionada a

ansiedade crbnica, ocorre embotamento emocional. A hiperatividade da



amigdala estd associada com comportamento de ansiedade, promovendo
aumento da vigilancia e agressividade, por outro lado, a reducao da atividade da
amigdala promove sintomas de ansiedade relacionados ao embotamento, que
corresponde a dificuldade em expressar emocdes, pensamentos e sentimentos
(33), além disso, muitas pessoas possuem ansiedade e depressao
simultaneamente (1), por isso é de suma importancia o estudo de ambos esses

tipos de comportamentos.

2 DEPRESSAO

Segundo a OMS, depressao € um transtorno mental (1), trata-se de uma
doenca complexa, heterogénea e, apesar de ser caracterizada por diversas
etiologias (21), depende de emocdes, como a tristeza, que estdo presentes no
cotidiano e, em varios casos, hdo possui uma causa externa definida (28).

A depressdo acomete pessoas no mundo inteiro (322 milhdes) (34), é a
principal causa de incapacitacdo de individuos, sendo contribuinte para o
suicidio, cerca de 800 mil por ano (1).

A prevaléncia de depressdo no mundo é de 4,4% da populacéo, nas
américas, a prevaléncia é de 5,8 %, acometendo 11,5 milhdes de pessoas. E
uma doenga com maior prevaléncia em mulheres (5,1%) comparado aos
homens (3,6%), e ocorre em maior propor¢ao na faixa etaria entre os 55 e 74
anos de idade (1). No Brasil, o ultimo relatério (volume 4) da Pesquisa nacional
em saude (PNS), divulgado em 2016 pelo Instituto Brasileiro de Geografia e
Estatistica (IBGE), relata que a prevaléncia de depressdo em 2013 foi de 7,6%

(35), maior que a estatistica mundial e de todo o continente americano.



Apesar de ndo haver um mecanismo fisiopatoldégico de depressdo bem
estabelecido (28), estudos demonstram o envolvimento de alguns sistemas
neurobioldgicos como a neurotransmissao monoaminérgica (28, 36).

Acredita-se que a redugdo da neurotransmissao de serotonina e
noradrenalina possui papel predominante na fisiopatologia da depresséo (37).
De fato, estudos demonstraram que a reducao da concentracdo de monoaminas
(especificamente serotonina e noradrenalina) no sistema nervoso central pode
conduzir a depressdo (21). Pacientes em tratamento farmacoterapéutico
apresentaram remissao da doenca e naqueles com histérico familiar de
depressao, ha maior susceptibilidade de desenvolver a doenca apds a deplecao
desses neurotransmissores (38, 39).

Neurbnios produtores de serotonina (5-HT) tém origem principalmente
nos nucleos dorsal e mediano da rafe no tronco encefélico. A ativacdo de
receptores 5-HT promove efeitos diversos, dependendo do tipo de receptor e
local de expresséao/ativacéo. Os receptores 5-HT1, 5-HT2C, 5-HT3, 5-HT4 e 5-
HT7 tém sido relacionados aos sintomas soméaticos da depressao (37), que sédo
sintomas corporais persistentes sem causas estruturais, organicas ou outra
patologia, ap6s avaliacdo por profissional de diagnostico (40).

A sensibilidade de receptores inibitérios serotonérgicos como 5-HT1A,
tém sido relacionada com o efeito de antidepressivos, sugere-se que receptores
5-HT1A pés-sinapticos (receptores inibitorios, que medeiam a liberagédo de 5-HT
no sistema nervoso central) estejam dessensibilizados na depresséao (21, 37).
Além disso, auto receptores somatodendriticos 5-HT1A e aqueles localizados no

terminal axénio do neurénio pré-sinaptico (5-HT1B e 5-HT1D) podem estar



hipersensiveis a ligagdo com serotonina, limitando a neurotransmissao
serotonérgica nos casos de depressao (21, 41).

Foi verificado que agonistas do receptor 5-HT1A (somatodendriticos e
pés-sinapticos), por si s6, nao promoveram efeito antidepressivo (41), apesar de
em estudo mais recente ser demonstrado que o agonista 5-HT1A (8-OH-DPAT)
foi capaz de promover efeitos comportamental e neurogénese hipocampal
semelhantes a antidepressivos (42). Ademais, estudos em camundongos
transgénicos com menor expressao de auto receptores 5-HT1A
(somatodendriticos), responderam melhor ao tratamento com inibidores
seletivos da recaptacdo de serotonina (ISRS) (43), sendo que tais
antidepressivos (ISRS) ndo promoveram efeitos em camundongos que né&o
expressam ambos os tipos de receptores 5-HT1A (auto receptores e pos-
sinaptico) (42). A delecdo especifica de receptores 5-HT1A pds-sinapticos no
hipocampo reverteu o efeito de ISRS. Tais achados demonstram que receptores
5-HT1A, especificamente 5-HT1A pdés-sinaptico, pode ser um alvo terapéutico
para tratamento da depresséao (43, 44).

Os receptores 5-HT1B sao auto receptores inibitorios do terminal axénio
de neurbnios serotonérgicos e ndo-serotonérgicos, reduzindo a liberacdo de
neurotransmissores no sistema nervoso central (21, 45, 46). Esses receptores
tém sido relacionados com efeito crénico de antidepressivos, em que ha menor
expressdo desse auto receptor no nucleo dorsal da Rafe (19, 47, 48). Todavia,
estudos com antagonistas 5-HT1B sugerem um efeito ambivalente desse
receptor, tendo em vista sua vasta distribuic&o pelo sistema nervoso central, uma
vez que nem todo bloqueio desse receptor utilizando antagonista, promoveu

efeito antidepressivo (21). Em pacientes depressivos, estudo post mortem



revelou menor concentracdo no cérebro da proteina pll, um importante
sinalizador intracelular recrutado apos a ativacao do receptor 5-HT1B (49).

Receptores 5-HT2B, regulam a atividade de neurotransmissores na via
mesocorticolimbica (50). O bloqueio de 5-HT2B por antagonistas aumenta a
liberac@o de serotonina nessa via e, também, foi identificado RNAm para este
receptor em interneurénios GABAérgicos no Nucleo Dorsal da Rafe, sugerindo
que o receptor 5-HT2B exerce efeito inibitério em neurbnios serotonérgicos na
via mesocorticolimbica, via neurotransmissao GABAérgica (28).

Vitimas de suicidio tém aumento na expressao de receptores 5-HT2C no
cortex pré-frontal (20), sugerindo que ativagéo desse receptores possa contribuir
para depressao e ansiedade (21). Evidéncias demonstram que esse receptor
pode estar envolvido no efeito ansiogénico de inibidores seletivos da recaptacéo
de serotonina (27). Receptores 5-HT3 aumentam a neurotransmissao sinaptica
de dopamina, serotonina e GABA, além de modular o eixo HPA, estresse
oxidativo e plasticidade sinaptica. Além disso, apesar de estarem amplamente
distribuidos no sistema nervoso, podem se localizar em interneurénios inibitérios,
e uma vez ativados, esses receptores estimulam a via inibitoria sobre neurdnios
glutamatérgicos no cortex pré-frontal medial, que por sua vez, ndo estimula
neurdnios no nucleo dorsal da Rafe, reduzindo a liberagédo de serotonina. Ambos
receptores 5-HT2C e 5-HT3 culminam na reducgéo da liberagdo de serotonina
(28).

Receptores 5-HT4 séo excitatorios e estao relacionados com a etiologia
da depressao (51-55), tendo sua expressdao aumentada em pacientes com
depressao e vitimas de suicidio. Além disso, a concentragdo de 3’5 -adenosina-

monofosfato-ciclico (APMc) é maior nesses individuos, demonstrando maior



ativacéo da via adenilil ciclase, possivelmente pela maior ativacéo de receptores
5-HT4 (52).

Os receptores 5-HT7 aumentam a expressdo de receptores
glicocorticéides em cultura de células do hipocampo (56). Em camundongos que
ndo expressam esse receptor houve efeito tipo-antidepressivo e, também,
antagonistas 5-HT7 promoveram uma resposta tipo-antidepressiva em ratos
(21). O tratamento com amisulpride, um antagonista 5-HT7 promove efeito tipo-
antidepressivo, que foi revertido em camundongos que nao expressam esse
receptor (57).

Os neurdnios produtores de noradrenalina (NA) tém origem no Locus
Coeruleus e, assim como a serotonina, promovem efeitos, de acordo com o
receptor, que pode ser a ou B-adrenérgico e, seu respectivo local de expressao
(40). Receptor adrenérgico subtipo a-2 (auto receptor inibitério) hipersensivel em
pacientes com depressao (58). Contudo, apdés o tratamento classico para
depressao com ISRS e inibidores atipicos, esses ultimos que sédo antagonistas
de auto receptores inibitérios de serotonina e também de noradrenalina, a taxa
de remisséo foi de 67 %, ou seja, aproximadamente 33 % dos pacientes nédo
responderam efetivamente ao tratamento (59), sugerindo o envolvimento de
outras vias, além da neurotransmissdo monoaminérgica, na fisiopatologia da
depresséo.

Na depressao, a hiperatividade do eixo HPA é considerada o primeiro
biomarcador (60). O nivel aumentado de cortisol reduz a densidade de células
da glia (61-64), a0 mesmo tempo em que aumenta a concentra¢ao de glutamato
plasmatico e no liguido encefaloraquidiano em pacientes com transtorno

depressivo. Isso demonstra uma correlacao entre a severidade da depressao e



0s niveis de glutamato (65-67). O antagonista de receptores de N-metil-D-
aspartato (NMDA) ketamina, promoveu efeito antidepressivo em paciente com
depressdo resistente a outros farmacos, evidenciando o envolvimento do
glutamato no desenvolvimento de depressdo (68-70), juntamente com o
aumento de cortisol plasmatico tém sido relacionado com a doenca (71).

Foi identificado reducdo na neurotransmissao GABAérgica em pacientes
depressivos (72-75), que apOs tratamento com ISRS retornou aos niveis
normais, sugerindo que o efeito antidepressivo desses farmacos pode envolver
0 aumento da biodisponibilidade central do neurotransmissor GABA (76). Outro
estudo verificou que o tratamento com ISRS aumenta a proliferagéo de neurbnios
inibitérios no cértex, sugerindo que a reducdo da atividade de interneurdnios
inibitérios GABAérgicos esta envolvida no desenvolvimento da depressao (77,
78).

Tem sido demonstrado também, que pacientes com depressdo
apresentam reducdao de fatores neurotréficos e neurogénese hipocampal e como
consequéncia, ha reducdo do tamanho do hipocampo nesses pacientes (79)
gerando déficit cognitivo e hiperatividade do eixo HPA (79-81). A restauragéo
dessa disfungéo, tem importante fungéo na eficacia de antidepressivos (21). Os
fatores mediadores da reducdo hipocampal, induzida por estresse, inclui a
reducéo dos niveis de Fator Neurotréfico Derivado do Cérebro (BDNF), ampla
ativacdo de receptores NMDA e aumento de hormonio esteréide adrenal (82,

83).
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3 HEMORFINAS

Hemorfinas sdo peptideos derivados da hemoglobina e podem ser
liberadas por meio de processos fisioldgicos ou patoldgicos. Esses peptideos
foram identificados durante a purificacdo de citocrofinas, em sangue bovino
hidrolizado por enzimas gastrointestinais. Nessa fragéo foram identificadas as
hemorfina-4 e hemorfina-5 (84). A liberacdo de hemorfinas ocorre pela acao de
diferentes enzimas proteoliticas como: prolil oligopeptidase, neurolisina,
dipeptidil-peptidase IV (85), enzima conversora da angiotensina (86, 87),
aminopeptidase M (87), catepsina D (88, 89), catepsina E (90), proteases
lisossomais endogenas (91), pepsina (92, 93), elastase pancreatica (94). As
hemorfinas, foram assim denominadas tendo em vista sua atividade opidide e
sequéncia de residuos de aminoacidos (84). Foram descritas 12 hemorfinas que
possuem em comum a sequéncia de quatro residuos de aminoacidos
correspondente a hemorfina-4 (Tyr-Pro-Trp-Thr) (Tabela 1) (95). As hemorfinas
possuem alta estabilidade em tecidos (96) e plasma humano (97) in vitro.
Contudo, hemorfinas podem ser degradadas no citosol das células do sistema
renal in vitro (98), degradadas por catepsina B (88), dipeptidil peptidase IV (99),

prolil oligopeptidase (98), neurolisina e endopeptidase (100).
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Tabela 1. Peptideos opidides enddgenos atipicos derivados das cadeias B-
globina da hemoglobina.

Origem Fragmento Nomenclatura Sequéncia de residuos de
aminoacidos
Hbp 35-38 Hemorfina-4 Tyr-Pro-Trp-Thr
HbpB 35-39 Hemorfina-5 Tyr-Pro-Trp-Thr-Gln
Hbp 35-40 Hemorfina-6 Tyr-Pro-Trp-Thr-GIn-Arg
Hbp 35-41 Hemorfina-7 Tyr-Pro-Trp-Thr-GIn-Arg-Phe
Hbf 33-38 VV-Hemorfina-4 Val-Val-Tyr-Pro-Trp-Thr
Hbp 33-39  VV-Hemorfina-5 Val-Val-Tyr-Pro-Trp-Thr-GIn
Hbf 33-40 VV-Hemorfina-6 Val-Val-Tyr-Pro-Trp-Thr-GIn-Arg
HbpB 33-41 VV-Hemorfina-7 Val-Val-Tyr-Pro-Trp-Thr-GIn-Arg-Phe
HbpB 32-38 LVV-Hemorfina- Leu-Val-vVal-Tyr-Pro-Trp-Thr
4
HbpB 32-39 LVV-Hemorfina- Leu-Val-Val-Tyr-Pro-Trp-Thr-Gin
5
HbpB 32-40 LVV-Hemorfina- Leu-Val-Val-Tyr-Pro-Trp-Thr-GIn-Arg
6
HbpB 32-41 LVV-Hemorfina- Leu-Val-Val-Tyr-Pro-Trp-Thr-GIn-Arg-Phe
2

As hemorfinas pertencem a um grupo de substancias enddégenas com
atividade opioide, classificadas como opidides enddgenos atipicos. Esse grupo
é formado por peptideos derivado da hemoglobina e, também, derivados da [3-
caseina e citocromo-b mitocondrial, tendo em comum a sequéncia dipeptidica
Tyr-Pro (95). A atividade sobre receptores opidides evoca antinocicepcao (84,
93, 101). Além disso, as hemorfinas tem efeito de: agonista sobre o receptor
orfao MRGPRX1 (102), que esté envolvido na percepcao da dor e coceira (103-
105); inibicao da resposta inflamatéria aguda (106); degranulagdo em mastoécitos
independente de IgE e estimulagao da liberacdo de quimiocinas (107, 108). As
hemorfinas também possuem atividade sobre o sistema nervoso central (109),
induzindo a liberacdo in vitro de B-endorfinas centrais (95); inibicdo da
degradacéo de encefalina (110). Efeitos periféricos também foram identificados
por promover vasoconstricdo das artérias coronarianas (111); modulam a

atividade de enzimas dependentes do complexo calcio-calmodulina (112);
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inbbem a atividade enzima conversora de angiotensina (ECA) (96);
potencializacao da bradicinina (113); inibicdo da mic¢ao espontanea induzida por
reflexo de volume (109); agonismo de baixa afinidade por receptores bombesina
subtipo 3 (114); reducdo dos niveis de RNAm de claudina-4 em células de
modelo intestinal (Caco-2) (115); além disso € possivel que as hemorfinas
alterem a tumorigénese cerebral, ja que 0 gene que expressa B-globina reside
na regiao cromossOdmica 11p15.5, de importantes genes de imunidade e genes
relacionados a canceres e gliomas (116). Somado a isso, as hemorfinas podem
estar envolvidas na patogénese da esclerose mdultipla, uma vez que nessa
condicdo ha um desequilibrio entre a hemoglobina intracelular expressa em
neurdnios e a hemoglobina livre (117).

A identificacdo de fragmentos de hemoglobina em diversos 6rgaos
permite sugerir gue ha uma clivagem enzimética tecidual continua (110, 118). A
liberacdo de hemorfinas pode ocorrer durante e depois do exercicio fisico, assim
como das B-endorfinas, podendo ser responsavel direta ou indiretamente pela
analgesia e euforia geradas (95). Somado a isso, Song et al (2013) sugerem que
hemorfinas podem ser liberadas ap6s acupuntura, podendo também ser
reabsorvidas e promover seus efeitos bioldégicos (119). Lesbes hepaticas
causadas por inje¢des i.p. de tunicamicina em ratos, reduzem o metabolismo de
hemoglobina e, portanto, diminuem a liberacéo desses peptideos opidides (120).
Além da producéo hepatica citada anteriormente, o hipotalamo, a medula éssea
e 0 cérebro, sdo considerados importantes origens de hemorfinas (121). Somado
a isso, existem evidéncias do aumento no nivel de hemorfinas no cérebro de
pacientes com doenca de Alzheimer (122). Em pacientes obesos com diabetes

tipo 2, os niveis séricos de VV-h7 sao baixos (123), indicando que ha
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possibilidade de que alteragbes na concentracdo de hemorfinas estariam
relacionadas com essas doencgas. As hemorfinas, portanto, sdo peptideos que
fazem parte do novo sistema de regulacéo peptidérgica, sugerido por Karelin et.
al. (1998) (124). Em consonancia a isso, os resultados de Cruz e colaboradores
(2016) permitem sugerir que as hemorfinas sejam classificadas como
neuropeptideos nado classicos (125), um conceito inicialmente proposto por
Gelman e Fricker (2010), que se refere a derivados de proteinas intracelulares

gue foram degradadas pela acao de proteases (126).

3.1 LVV-HEMORFINA-6 (LVV-h6)

LVV-hemorfina-6 (LVV-h6) é uma hemorfina formada por uma sequéncia
de nove residuos de aminoacidos, que correspondem ao fragmento 32-40 da -
globina humana (Leu-Val-Val-Tyr-Pro-Trp-Thr-GIn-Arg). Essa hemorfina é
produto da acdo de enzimas tipo-quimotripsina. Além de ter sido isolada e
identificada na glandula pituitaria de humanos (14 ug/glandula) por Glamsta e
cols (101), também esta presente em pulmao e coracdo de individuos saudaveis
(127), em células de hepatocarcinoma de pacientes (128) e no cérebro de
portadores da doenca de Alzheimer, onde € encontrada em concentracdes
aumentadas (122).

Existem poucas pesquisas sobre LVV-h6, mas sabe-se que essa
hemorfina exerce atividade opidide por agir em receptores p- e o-opidides (101),
Sua degradacado, por sua vez, é feita por enzimas presentes no extrato de
pulméo (com excecdo da enzima ECA) cujo produto da catalise € a LVV- h4.

Este mesmo estudo demonstrou que, apesar de nao sofrer efeito catalitico pela
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ECA, a LVV-h6 é capaz de inibir tal enzima in vitro (96). Além disso, LVV-h6

exerce efeito tipo-ansiolitico e tipo-antidepressivo (125).

3.2 LVV-HEMORFINA-7 (LVV-h7)

LVV-hemorfina-7 € um peptideo derivado da hemoglobina, formado por
dez residuos de aminoacidos. Corresponde ao fragmento 32-41 da (-globina
humana (Leu-Val-Val-Tyr-Pro-Trp-Thr-GIn-Arg-Phe) (95, 97, 129). Essa
hemorfina é obtida pela acdo catalitica de diferentes enzimas como: enzimas
tipo-quimiotripsina (118), proteinase aspartica (90), catepsina D e L (91). A LVV-
h7 € encontrada no sangue hidrolisado (93) e no plasma de pacientes
submetidos a hemofiltracdo (130). Pacientes com hemorragia cerebrovascular
apresentam niveis elevados de LVV-h7 no fluido cérebro-espinhal (118). Por
outro lado, pacientes obesos com diabetes tipo-2 apresentam 0s niveis séricos
diminuidos de LVV-h7 (123, 131). LVV-h7 também foi identificada em tecidos
como pulmao e coracao (127), cérebro (132), em especial no hipotalamo (133)
e no cortex e medula adrenal (134).

Essa hemorfina é degradada in vivo por enzimas proteoliticas do fluido
extracelular no striatum e no sangue de ratos (129). Apesar de estudos in vitro
mostrarem que LVV-h7 tem alta estabilidade no plasma e tecidos humanos (96,
97), o decapeptideo pode ser hidrolizado pela acdo da aminopeptidase M (87) e
ECA (87, 135).

LVV-h7 atravessa a barreira hemato-encefélica (136) e promove efeitos
como aumento da aprendizagem espacial (137-140), pelo aumento da

neurotransmissao colinérgica (141) e, também tem efeitos antinociceptivo (85)
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anti-hiperalgésico (142) através da ligagdo em diferentes receptores opidides
(85, 93, 142). O efeito antinociceptivo da LVV-h7 é mais potente quando
comparado a outras hemorfinas como, por exemplo, a LVV-h6 (93).

LVV-h7 modula o eixo Hipotalamo-Pituitaria-Adrenal (HPA) por reduzir o
aumento plasmético de Fator de Necrose Tumoral — alfa (TNFa) e de
corticoesterona evocados pelo estresse metabdlico induzido por endotoxina
(lipopolissacarideo) (135). Essa hemorfina exerce atividade agonista de baixa
afinidade em receptores bombesina subtipo 3, que estdo envolvidos no
crescimento do cancer de pulméo (114) e esta presente no fluido broncoalveolar
de pacientes com cancer de pulmao de pequenas células (143). Adicionalmente,
a LVV-h7 reduz a atividade de calcineurina (135), enzima primordial na ativagéo
de linfécitos T (136), modula a regulacdo de sinapses e liberacdo de
neurotransmissores como serotonina (5-HT), noradrenalina (NA), dopamina
(DA), glutamato (GLUT), liberacdo de neuropeptideos e hormdnio
adrenocorticotrofico (ACTH) (144-146).

Além disso, LVV-h7 exerce atividade agonista sobre o receptor de
angiotensina IV (AT4) (136, 147), promovendo 0s mesmos efeitos cognitivos da
angiotensina IV (137-139). Além de ser agonista deste receptor, a LVV-h7 inibe
a atividade do dominio catalitico desse receptor, que também é uma
aminopeptidase de membrana (Insulin-regulated aminopeptidase - IRAP) (148,
149). Experimentos in vitro detectaram que a atividade peptidase de AT4/IRAP
€ constitutiva e que ligantes desse receptor sdo capazes de inibir essa atividade
catalitica, reduzindo a degradacao de diferentes peptideos como vasopressina,
angiotensina lll e ocitocina (148, 150-152). In vivo, a inibicdo da IRAP resultou

em aumento nos niveis de ocitocina (OT) no ndcleo central da amigdala (153),
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regulando as concentragfes centrais desse hormoénio (152). Em estudo recente
do nosso laboratério, foi verificado que LVV-h7 promove efeito tipo-ansiolitico e
tipo-antidepressivo, sendo este Ultimo dependente da ativacdo de receptores de
ocitocina, possivelmente pelo aumento da biodisponibilidade central de OT como
resultado da inibicdo de sua degradacéao pela atividade ocitocinase de AT4/IRAP
(154). Recentemente foi verificado o efeito antialodinio de LVV-h7,
possivelmente pela inibicho da atividade ocitocinase, tendo em vista que
injecOes de ocitocina promoveram o mesmo efeito (155).

LVV-h6 e LVV-h7 promovem efeito tipo-ansiolitico e tipo-antidepressivo,
sendo o efeito tipo-antidepressivo de LVV-h7, dependente da ativacdo de
receptores de ocitocina (125), possivelmente pelo aumento da biodisponibilidade
central de OT como resultado da inibicdo de sua degradacéo pela atividade

ocitocinase de AT4/IRAP (154).

Adicionalmente, a administracdo endovenosa de LVV-h7 promove efeitos
simpatomiméticos de curta duracéo, sobre a frequéncia cardiaca (FC) e pressao
arterial média (PAM) de ratos Sprague-Dawley (SD) anestesiados e
vagotomizados (no intuito de reduzir o reflexo barorreceptor) (156). Ja a
administracdo intraperitoneal ndo alterou esses parametros cardiovasculares
(PAM e FC) de ratos normotensos Wistar-Kyoto (WK) conscientes. No entanto,
em ratos espontaneamente hipertensos (SHR) foram observados efeitos pressor
e taquicardico nos vinte minutos iniciais, seguidos por reducdo de PAM e FC nos
oitenta minutos subsequentes (157). Adicionalmente, LVV-h7 potencializa os
efeitos da bradicinina in vivo (113) e tem atividade inibidora ndo competitiva

sobre a ECA, podendo desempenhar funcdo importante sobre Sistema Renina
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Angiotensina (SRA) (86) (158). Entretanto, a LVV-h7 ndo promoveu alteracbes
na PAM e na resisténcia vascular renal, bem como nao alterou o fluxo sanguineo

renal e ndo induz natriurese em ratos normotensos WK anestesiados (171).

LVV-h7 potencializa os efeitos da bradicinina in vivo (113) e tem atividade
inibidora ndo competitiva sobre a ECA, podendo desempenhar funcao
importante sobre Sistema Renina Angiotensina (SRA) (86, 158). Entretanto, a
LVV-h7 ndo promoveu alteracdes na PAM e na resisténcia vascular renal, bem
como néo alterou o fluxo sanguineo renal e ndo induz natriurese em ratos
normotensos WK anestesiados (171).

Os dados na literatura acerca do efeitos cardiovasculares evocados pela
LVV-h7, sdo controversos e ndo ha estudos dos efeitos de LVV-h6 sobre esse
sistema fisioldgico, apesar de outros efeitos serem similares entre essas
hemorfinas (86, 96, 101) como descrito acima. Diante disso, torna-se importante
avaliar LVV-h6 e LVV-h7 promovem efeitos sobre a vasomotricidade e fungéo
cardiaca, a fim de verificar se sédo capazes de desempenhar efeitos diretamente
sobre anéis de aorta e coracéo isolado de ratos. Somado a isso, e tendo em vista
os efeitos de LVV-h6 e LVV-h7 sobre o comportamento tipo-ansiedade e tipo-
depressao (125), é relevante investigar vias potencialmente envolvidas nesses

efeitos.
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4 OBJETIVOS

4.1 OBJETIVO GERAL

Investigar os mecanismos envolvidos nos efeitos sobre o comportamento
tipo-ansiedade e tipo-depressédo e avaliar os efeitos sobre a funcao cardiaca
e vasomotricidade de ratos dos peptideos derivados da hemoglobina: LVV-h6

e LVV-h7.

4.2 OBJETIVOS ESPECIFICOS

e Avaliar o envolvimento do sistema catecolaminérgico diante dos efeitos
sobre o comportamento tipo-ansiedade e tipo-depressado promovidos
LVV-h6 e LVV-h7,

e Avaliar o envolvimento do sistema opidide nos efeitos sobre o
comportamento tipo ansiedade e tipo-depressdo promovidos LVV-h6 e
LVV-h7;

e Verificar o efeito de LVV-h6 e LVV-h7 sobre a funcéo cardiaca de ratos;

e Verificar o efeito de LVV-h6 e LVV-h7 sobre a vasomotricidade de ratos.
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5 METODOLOGIA

5.1 ANIMAIS

Os experimentos foram realizados em ratos Wistar pesando entre 250-350g,
provenientes do Centro de Bioterismo (CEBIO) do Instituto de Ciéncias
Biolégicas da Universidade Federal de Goias (UFG). Os procedimentos que
envolveram animais e seus cuidados foram conduzidos de acordo com Gilles et
al.1987 (159). Os protocolos experimentais foram realizados de acordo com as
normas de uso de animais, sob aprovacao do projeto pela comissao de ética no
uso de animais da UFG (Protocolo de aprovacao n® 090/14). Os animais foram
alojados em gaiolas individuais (47 cm x 31 cm x 16 cm) em salas climatizadas
(temperatura entre 22-24 °C) com ciclo claro/escuro de 12/12 horas e com livre
acesso (ad libitum) a agua e racdo. Todos os esforcos foram feitos para

minimizar o nimero de animais usados e seu sofrimento.

5.2 FARMACOS

No protocolo de comportamento tipo-ansiedade e atividade
locomotora/exploratéria foi utilizado Diazepam (DZP) (medicamento genérico -
Neo quimica, Goias/Brasil), um benzodiazepinico, agonista do receptor GABAA,
na dose de 2 mg/Kg diluido em salina isoténica estéril como controle positivo
(160, 161). No protocolo de comportamento tipo-depressao foi utilizado
Imipramina (IMI) - Trofanil® (Novartis, SP/Brasil), um antidepressivo triciclico,
que inibe a receptagdo de monoaminas, na dose de 15 mg/Kg diluido em salina

isotbnica estéril como controle positivo (162). Foi utilizado salina isoténica (NaCl
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0,9%) (HalexlIstar, Goias/Brasil) como controle negativo (0,1 mL protocolos

comportamentais) e veiculo (protocolo comportamentais e ex vivo; LVV-h6 e

LVV-h7 (GenOne, Brasil) na dose de 153 nMol/Kg, baseada em estudo realizado

por lanzer (2006) (113). Inibidor da enzima tirosina hidroxilase, alfa-metil-p-

tirosina (AMPT — Sigma, St. Louis MO, USA) foi utilizado na dose de 200 mg/Kg

(163) para verificar o envolvimento da via catecolaminérgica. O antagonista de

receptores opibides, naltrexona (NTX) foi utilizado na dose de 0,3 mg/Kg s.c.)

(164) para verificar se a via opidide esta envolvida nos efeitos evocados pela

LVV-h6 e LVV-h7.

5.3 GRUPOS EXPERIMENTAIS

Quadro 1. Grupos experimentais. i.p. = intraperitoneal; i.v. = intravenoso; n =
ndamero de animais no grupo.

Veiculo/Drogas

Injecdo prévia

Protocolo | Grupo Veiculo/Far (volume_ 03 dose e Injefggo (doseeviade | n
macos viade previa administracéo)
administracdo

G1 Veiculo O,ilme - 9
. G2 Diazepam 2 mg/Kg i.p. - 7
'-ab'g”to G3 LVV-h6 153 nMol/Kg i.p. - 10
eErlgvarg; G4 LVV-h7 153 nMol/Kg i.p. - 7
(LCE) G5 | Veiculo O’ilme AMPT | 200 mg/Kg ip. | 7
Caﬁ] o G6 LVV-h6 153 nMol/Kg i.p. AMPT | 200 mg/Kgi.p. | 7
Aberto I?CA) G7 LVV-h7 153 nMol/Kg i.p. AMPT | 200 mg/Kgi.p. | 10
G8 | Veiculo O’ilme NTX | 0,3mg/Kgs.c. | 6
G9 LVV-h6 153 nMol/Kg i.p. NTX 0,3mg/Kgs.c. | 6
G10 LVV-h7 153 nMol/Kg i.p. NTX 0,3mg/Kgs.c. | 7
G11 | Veiculo 0.1 mL - . 7

Nado i.p.
forcado G12 Imipramina 15 mg/Kg i.p. - - 6
(NF) G13 LVV-h6 153 nMol/Kg i.p. - - 7
G14 LVV-h7 153 nMol/Kg i.p. - - 6
G15 Veiculo 0,1 mL AMPT | 200 mg/Kgi.p. | 7
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I.p.
G16 LVV-h6 153 nMol/Kg i.p. AMPT | 200 mg/Kgi.p. | 6
G17 LVV-h7 153 nMol/Kg i.p. AMPT | 200 mg/Kgi.p. | 5
G18 | Veiculo O'ilpm" NTX | 0,3mg/Kgs.c. | 6
G19 LVV-h6 153 nMol/Kg i.p. NTX 0,3mg/Kgs.c. | 6
G20 LVV-h7 153 nMol/Kg i.p. NTX 0,3mg/Kgs.c. | 6
Tecnicade | ~,, L\VV-h6 1 nMol/L i i 6
Langendorff ex vivo
com fluxo
constante | G22 LVV-h7 1 nMoI/L - - 6
ex vivo
Concentragdes
crescentes (101°M,
G23 LVV-h6 3x1019M, 10° M, - - 6
Técnica de 3x10° M, 108 M)
vaso ex vivo
isolado Concentragdes
crescentes (1019 M,
G24 LVV-h7 3x1010M, 10° M, - - 6
3x10°M, 108 M)
ex Vvivo

5.4 ANALISE ESTATISTICA

Nos protocolos de avaliacdo comportamental (LCE, CA e NF) foi adotado
o0 método de exclusdo como média + DPM (Desvio Padrao da Média). Os animais
que foram excluidos em 50% ou mais dos parametros comportamentais
avaliados, foram excluidos do respectivo protocolo experimental (154). Todos os
resultados foram expressos como média £+ EPM (Erro Padrdo da Média). Os
resultados da avaliacdo comportamental foram analisados utilizando analise de
variancia (One-way ANOVA) seguido de poOs-teste Tukey. Para as analises dos
experimentos de coracdo isolado foi utilizado analise de variancia (Two-way
ANOVA) seguido do pos-teste de Dunnett e para resultados da técnica de vaso
isolado foi utilizada pés-teste de Sidak. Todas as analises estatisticas foram

realizadas através do software GraphPadPrism 6.0 (GraphPad Software, Inc.).
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As diferencas foram consideradas estatisticamente significativas quando p

<0,05.

5.5 AVALIACAO DO COMPORTAMENTO TIPO ANSIEDADE E ATIVIDADE

LOCOMOTORA/EXPLORATORIA.

5.5.1 Labirinto em Cruz Elevado (LCE)

Para avaliacdo do efeito tipo ansiedade foi utilizado o protocolo de
Labirinto em Cruz Elevado (LCE) de acordo com o método descrito por Pinheiro
e cols. 2007 (165). O LCE é um aparelho constituido por dois bracos abertos (50
x 10 cm), sem paredes laterais, perpendiculares a dois bracos fechados de
mesma dimensao, circundados por paredes laterais de 40 cm de altura. Uma
pequena parede de 1 cm de altura encontra-se acoplada ao redor dos bragos
abertos, a fim de evitar a queda dos animais do equipamento, que é elevado 50
cm do solo (Figura 1). Os animais receberam inje¢des i.p de LVV-h7 ou LVV-h6
ou veiculo (salina 0,9% controle negativo) ou diazepam (2 mg/Kg controle
positivo). Os ratos foram colocados individualmente na plataforma central do
labirinto (com a cabeca direcionada para um dos bracos fechados) apos 30
minutos da injecdo de LVV-h6 ou LVV-h7 ou veiculo e ficaram livres para
explorar o aparelho por 5 minutos. Uma camera de video foi fixada acima do LCE
para filmar o comportamento. Os experimentos foram filmados e apés cada
sessdao, o LCE foi limpo (alcool 10%) para evitar interferéncia de pistas olfativas.
Posteriormente, os videos foram analisados e foram mensurados o nimero de
entradas nos bracos abertos e fechados e, também, o tempo despendido nos

bracos abertos e bragos fechados, o niumero total de entradas (soma de entradas
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nos bragos abertos e bracgos fechados) e o tempo na plataforma central do LCE
(analise de risco) (Figura 3A).

Para verificar o envolvimento da via catecolaminérgica, foi injetado AMPT
(200 mg/Kg i.p.) 1 hora antes de LVV-h6 ou LVV-h7 ou veiculo (Figura 3B). Para
avaliar se a via opidide esta envolvida nos efeitos das hemorfinas sobre esse
comportamento, foi injetado NTX (0,3 mg/Kg s.c.) 10 minutos antes de LVV-h6

ou LVV-h7 ou veiculo (Figura 3C).

Figura 1: Foto representativa do modelo experimental Labirinto em Cruz
Elevada (LCE).

5.5.2 Campo aberto (CA)

A avaliacéo da atividade locomotora e exploratéria foi realizada de acordo
com Moreira e cols (2005) (166). Os animais foram colocados individualmente
no campo aberto (CA), imediatamente apds a exploracdo no LCE (Figura 3). O

CA é dividido em quadrantes (23 cm x 15,5 cm) (Figura 2). Uma camera de video
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foi fixada acima do campo para filmar o comportamento do rato. Os ratos foram
colocados individualmente no quadrante central do campo aberto e ficaram livres
para explorar o aparelho por 5 minutos (Figura 3). Apos cada sessao o CA foi
limpo (&lcool 10%) para evitar interferéncia de pistas olfativas. Posteriormente,
os filmes foram analisados e avaliados 0s seguintes parametros: cruzamentos,
autolimpeza, levantadas, tempo de imobilidade, tempo no centro e tempo na

periferia do CA

Figura 2: Foto representativa do modelo experimental do Campo Aberto (CA).

5.5.3 Sequéncia experimental

Os animais pertencentes aos grupos experimentais G1, G2, G3 e G4
(tratados com veiculo (NaCl 0,9%), diazepam, LVV-h6 ou LVV-h7,
respectivamente), ficaram em ambientacdo na sala de experimentos por uma
hora, em seguida, receberam injecdes i.p. de LVV-h6 ou LVV-h7 ou veiculo.
Trinta minutos depois foram submetidos a avaliagdo comportamental. Os ratos

foram inicialmente submetidos a exploracdo no LCE durante cinco minutos e, em
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seguida, foram colocados no CA e ficaram livres para explorar esse aparato
também por cinco minutos (Figura 3A). Apos exploracdo no CA o rato foi
devolvido para sua gaiola de origem. Os animais dos grupos experimentais G5,
G6 e G7 receberam injecdes i.p. de AMPT (200 mg/Kg) 1 hora antes de
receberem a injegdo i.p. de LVV-h6 ou LVV-h7 ou veiculo (Figura 3B). Os
animais dos grupos experimentais G8, G9, G10 receberam injecdes s.c. de NTX

(0,3 mg/Kg) 10 minutos antes da injecao de LVV-h6 ou LVV-h7 ou veiculo (Figura

3C).
A Injecéo
(LVV-h6 ou LVV-h7
ou Veiculo ou DZP % %
l 5 min 5 min
60 min ‘ 30 min ‘ Fl £ 1
Ambientagéo ‘ ‘ (\'T \%) N
LCE CA
B Injecao (LVV-h6
Inje¢do  ou LVV-h7ou ﬁ' a
(AMPT) Veiculo)
l l 5 min 5 min
60 min ‘ 60 min 30min -
Ambientagdo ‘ (\I\[ Q}@
C Injecéo
(LVV-h6 ou LVV-h7 8, a
ou Veiculo) X 3
l 5 min 5 min
60 min 10 min 30 min ‘ ?& = y
\ — —_—
Ambientagéo ‘ (\,T \}%’ >
1 [CE CA
Injecéo
(NTX)

Figura 3: Representacdo esquematica da sequéncia experimental para verificar o
envolvimento das vias catecolaminérgicas e opidéide no efeito tipo-ansiolitico e na
atividade de locomocéo/exploracdo promovidos pela LVV-h6 e LVV-h7.

28



5.6 AVALIACAO DO COMPORTAMENTO TIPO-DEPRESSAO

Para avaliacdo do efeito tipo antidepressivo o protocolo experimental de
nado forcado (NF) foi adaptado do modelo proposto originalmente por Porsolt e
colaboradores (1977) (167). Os ratos foram colocados individualmente dentro de
um cilindro de PVC (Polyvinyl Chloride) de 24 cm de diametro por 60 cm de
altura, preenchido por uma coluna d’agua de 42 cm de altura, a temperatura de
25+1 °C (Figura 4). A avaliacao do efeito tipo-antidepressivo em ratos requer
exposicdo prévia dos animais ao nado forcado (168). Entdo, o protocolo ocorre
em dois dias (Figura 5). No primeiro dia, os ratos ficaram em ambientag&o
durante 60 minutos na sala de experimentacdo e, em seguida, foram
individualmente submetidos a ambientacdo do teste (pré-teste) permanecendo
no cilindro de PVC por 15 minutos. Em seguida foram secos com auxilio de uma
toalha e aquecidos durante 15 minutos, ap6s esse periodo, foi administrada a
primeira injecdo de LVV-h6 ou LVV-h7 ou veiculo (figura 5A) e, entdo os animais
foram devolvidos a gaiola de origem.

No segundo dia de experimento, a segunda inje¢céo LVV-h6 ou LVV-h7 ou
veiculo foi administrada 5 horas antes do teste. A terceira (Ultima injecdo) de
LVV-h6 ou LVV-h7 ou veiculo foi administrada 1 hora antes do teste (Figura 5A).
O teste foi realizado 24 horas apés a primeira inje¢cdo (ap0s 15 minutos de
secagem) e teve duracao de 6 minutos (Figura 5A). O comportamento dos ratos
no interior do cilindro foi filmado por uma camera. Apos cada sesséo, a agua do
cilindro foi trocada e o cilindro foi higienizado com solucé&o alcool 10%, para evitar

interferéncia de pistas olfativas. Somente nos ultimos 4 minutos, da filmagem de
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cada rato, foi mensurado o tempo de imobilidade, caracterizado por pequenos

movimentos das patas em que o animal manteve a cabecga fora d’agua (162).

Mv

@y s

Figura 4: Desenho representativo do modelo experimental de Nado for¢cado. Adaptado de
Abelaira (2013) (169).

5.6.1 Sequéncia experimental

Os animais pertencentes aos grupos experimentais G11, G12, G13 e G14
(tratados com veiculo (NaCl 0,9%), imipramina, LVV-h6 ou LVV-h7,
respectivamente), ficaram em ambientagcdo na sala de experimentos por uma
hora, em seguida, receberam inje¢des i.p. de LVV-h6 ou LVV-h7 ou veiculo 24,
5 e 1 hora antes do teste, como descrito anteriormente (Figura 5A). Os animais
dos grupos G15, G16 e G17 receberam inje¢des i.p. de AMPT (200 mg/Kg) 1
hora antes da ultima injecéo i.p. de LVV-h6 ou LVV-h7 ou veiculo para avaliacdo
do envolvimento da via catecolaminérgica (Figura 5B). E os animais dos grupos

experimentais G18, G19, G20 receberam injecdes s.c. de NTX (0,3 mg/Kg) 10
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minutos antes de receberem a ultima inje¢cdo de LVV-h6, LVV-h7 ou veiculo

(Figura 5C), para avaliagdo do envolvimento da via opidde.

A

1" DIA
Primeira injegao
(24 h antes do teste)
1
| 15 min | 15min
Ambientagao ‘ Pre-teste | Secagem
2* DIA

Segunda injegaoc
(5 h antes do teste)

Terceira injegao
(1 h antes do teste) gj
1 6 min

‘ B0 min ‘ Teste ‘

17 DIA 7 7
Primeira injegao
(24 h antes do teste)
‘ 15 min 15 min |
Ambientagéo ‘ Pré-teste Secagem ‘
2° DIA

Segunda injegaéo
(5 h antes do teste)

Terceira injecéo
{1 h antes do teste) gﬁ
1 6 min

‘ | 60 min |Teste ‘

1
AMPT
(1 h antes da
terceira injegéao)

1° DIA
Primeira injegéoc
(24 h antes do teste)
60 min ‘ 15 min 15 min |
Ambientagao | Pré-teste Secagem ‘
2° DIA

Segunda injegac
(5 h antes do teste)

Terceira injegao
(1 h antes do teste)

l 6 min

‘ | 60 min ‘Teste ‘

NTX (10 min antes
da terceira injegao)

Figura 5: Representagdo esquematica da sequéncia experimental para avaliar o
envolvimento das vias catecolaminérgicas e opidide no efeito tipo-antidepressivo
promovido pela LVV-h6 e LVV-h7.
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5.7 AVALIACAO DOS EFEITOS SOBRE A FUNCAO CARDIACA EM

CORACAO ISOLADO DE RATOS.

Para avaliacdo da funcéo cardiaca ex-vivo, foi utilizada a técnica de
Langendorff com Fluxo constante (10 + 2 mL/min; 37 £ 1°C) (172). Os animais
foram eutanasiados por decaptacdo 10 minutos apds serem heparinizados (400
ML). A cavidade toracica foi aberta e o coracao retirado e colocado em um béquer
com solucéo rica em nutrientes (aproximadamente 4° C). Esse resfriamento é
primordial a fim reduzir o metabolismo do miocardio, antes de ser conectado ao
sistema de perfusdo. Em seguida, o coracao foi posicionado sobre uma placa de
Petri para remocéao dos possiveis tecidos adjacentes que tenham sido removidos
junto com o coracédo. A artéria aorta ascendente foi seccionada na altura de sua
primeira ramificacdo e fixada a uma agulha de aco inoxidavel conectada ao
sistema de perfusdo contendo a solucao nutritiva de Krebs Ringer (composi¢céao
em nMol/L: NaCl 118,41; KCI 4,69; KH2PO4 1,17; MgS0O4.7H20 1,17; CaClz2.2H20
1,25; Dextrose Anidra (Glicose) 11,65; NaHCO3 26,24). A solucdo de perfusao
foi mantida a 37 £ 1° C e saturada com solucéo carbogénica (95% de O2 e 5%
de COy).

Um transdutor de pressao (MLT0699 Adinstruments®) foi conectado a via
de perfusdao com o objetivo de registrar as variagdes da pressao de perfusdo
mediante a reatividade das coronarias. Um baldo, preenchido com agua e
conectado a um transdutor de pressdo (MLT0699 Adinstruments®), foi
introduzido no ventriculo esquerdo através de uma incisdo no atrio esquerdo,

para a medicao da pressao intraventricular.
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Apds um periodo de estabilizagdo de aproximadamente 20-30 minutos, 0s
coracdes isolados foram submetidos a perfusdo com 1 nm/L de LVV-h6 ou LVV-
h7 durante 30 minutos. Foram avaliados os seguintes parametros: Presséo de
perfusdo (PP), Pressao Intraventricular Sistélica (PIVS), dP/dt méx, dP/dt min,

Pressao Intraventricular Diastolica (PIVD) e frequéncia cardiaca (FC).

5.8 AVALIACAO DOS EFEITOS SOBRE A REATIVIDADE VASCULAR EM

ANEIS DE AORTA ISOLADOS

Para avaliar os efeitos da LVV-h6 e LVV-h7 sobre a reatividade vascular
foi realizada a técnica de vaso isolado (173) (Figura 9). Os animais foram
eutanasiados por decapitacdo e entdo, a cavidade toracica foi aberta para a
remocao de todo o tecido extra-aortico, assim como do tecido adiposo. A artéria
aorta toracica foi extraida do animal e entdo colocada em uma placa de petri
contendo solugéo Krebs-Henseleit aguecida. Em seguida, o vaso foi cortado em
anéis de 4 mm. Os anéis foram colocados em cubas contendo 9 mL de solugéo
de Krebs-Henseleit em temperatura de 37 + 1° C. (composi¢do em nM/L: NaCL
6,90 g; KCL 0,350 g; KH2PO4 0,160 g; MgSO4 0.30 g; CeH1206 2,0 g; NaHCOs3
2,10 g; CaCL2 0,370 g; oxigenada com 95% de O2 e 5% de CO.2. Os anéis foram
mantidos sob uma tensao de 1.5 g, durante 1 hora para se estabilizarem. A
atividade mecanica foi registrada isometricamente usando um sistema de
aquisicdo de dados (Dataq Instruments). A presenca de endotélio funcional foi

avaliada pela porcentagem de relaxamento induzido pela acetilcolina (1,0 uM)
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nos vasos pré-contraidos com fenilefrina (0,1 uM). Os vasos foram considerados

com endotélio viavel quando a acetilcolina gerou relaxamento maior que 80%.
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Figura 6: Representacdo esquematica de uma preparagéo de anel de aorta em banho de
orgdos isolados. Fonte: adaptado de YILDIZ et al., (2013) (174).

Apbs o teste de endotélio, para avaliar os efeitos das hemorfinas sobre a
reatividade vascular, os anéis de aorta foram incubados com concentracdes
crescentes de LVV-h6 e LVV-h7 (Quadro 1) em condi¢des basais. A avaliacado
do possivel efeito vasorrelaxante das hemorfinas foi realizada a partir da pré-
contracdo com fenilefrina 10" e, em seguida, concentracdes crescentes de LVV-
h6 ou LVV-h7 foram adicionadas.
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35



6 RESULTADOS

Os resultados obtidos na avaliacdo do comportamento tipo-
ansiedade e tipo-depresséo da presente tese estdo compilados nos artigos

publicados (ver anexos 1 e 2).

6.1 Avaliacdo do envolvimento da via catecolaminérgica e opidide no

efeito tipo-ansiolitico promovido pela LVV-h6 e LVV-h7

Segundo estudos anteriores (125), LVV-h6, LVV-h7 e diazepam (controle
positivo) aumentaram o tempo nos bragos abertos (LVV-h6 = 4919 segundos;
LVV-h7 = 63+6 segundos; diazepam = 74+9 segundos vs veiculo = 1045
segundos), aumentaram o numero de entradas nos bracos abertos (LVV-h6 =
4+1; LVV=h7 = 541, diazepam = 6£1; vs. veiculo = 1+1) e reduziram o tempo nos
bracos fechados (LVV-h6 = 19312 segundos; LVV-h7 = 17548 segundos;
diazepam = 185+10 segundos; vs. veiculo = 222+10 segundos) (Figura 6A, 6C

e 6B, respectivamente).

O tempo despendido no centro do LCE néao foi alterado no grupo que
recebeu injecdo de LVV-h6 (54+6 segundos vs. veiculo = 62+6 segundos) ou
LVV-h7 (633 segundos vs. veiculo = 6216 segundos), mas foi reduzido no grupo
Diazepam (controle positivo) (40+4 segundos vs. veiculo = 62+6 segundos)
(Figura 6E). Esses resultados demonstram que as hemorfinas LVV-h6 e LVV-h7
alteram o comportamento tipo-ansiedade, promovendo efeito tipo-ansiolitico e,

esses resultados estdo em acordo com aqueles encontrados no CA: ambas
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hemorfinas avaliadas aumentaram o tempo despendido no centro do CA (LVV-
h6 = 12+2 segundos; LVV-h7 = 11+1 segundos; vs. veiculo = 5+1 segundos) e
reduziram o tempo na periferia do CA (LVV-h6 = 288+2 segundos; LVV-h7 =

288+1 segundos; vs. veiculo = 29511 segundos) (125) (Figura 7A e 7B).

O numero de entradas nos bracos fechados e numero total de entradas
(entradas nos bracos abertos e fechados do LCE) estdo relacionados a
locomocédo no LCE (170), os quais ndo foram alterados pela LVV-h6 (LVV-h6 =
7+1; vs. veiculo 6£1; e LVV-h6 = 11+1; vs. veiculo = 8%1, respectivamente) e
LVV-h7 alterou somente o numero total de entradas (LVV-h7 = 131, vs. veiculo
= 8+1) (Figura 6D e 6F). No campo aberto, LVV-h6 ndo alterou cruzamentos
(LVV-h6 = 15+1; vs. veiculo = 14+1), imobilidade (LVV-h6 = 48+11 segundos; vs.
veiculo = 84+15 segundos), levantadas (LVV-h6 = 11+1; vs. veiculo = 7£1) e
autolimpeza (LVV-h6 = 4+1; vs. veiculo = 3+1) (Figura 7C, 7D, 7E e 7F,
respectivamente). Contudo LVV-h7 aumentou o niumero de cruzamentos (LVV-
h7 = 20+2; vs. veiculo = 14+1), levantadas (LVV-h7 = 14+2; vs. veiculo = 7t1) e
autolimpeza (LVV-h7 = 611, vs. veiculo = 3+1) (Figura 8C, 8E e 8F) e reduziu o
tempo de imobilidade (LVV-h7 = 20+10 segundos; vs. veiculo = 84+15 segundos)
(Figura 7D). Diazepam néo alterou o numero de cruzamento (diazepam = 14+3;
vs. veiculo = 14+1) e o tempo de imobilidade no CA (diazepam = 92126
segundos; vs. veiculo = 84+15 segundos) (Figura 7C e 7D) (125). Juntos esses
resultados indicam que LVV-h6 n&o alterou a locomocé&o/exploragéo, mas LVV-

h7 aumentou esse comportamento em ratos.

Os efeitos evocados pela LVV-h6 e LVV-h7 e sua relacdo com a via
catecolaminérgica sdo mostrados na figura 6 e 8 e descritos a seguir. A inibicéo

da biossintese de catecolaminas por AMPT (200 mg/kg) potencializou o
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aumento, promovido pela LVV-h6, no tempo nos bracos abertos do LCE (AMPT
+ LVV-h6 = 97+12 segundos; vs. LVV-h6 = 49+9 segundos) e a redugdo no
tempo nos bracgos fechados no LCE (AMPT + LVV-h6 = 145+11 segundos; vs.
LVV-h6 = 193+12 segundos). Entretanto, a inibicdo por AMPT, n&o alterou o
tempo nos bracos abertos (AMPT + LVV-h7 = 44+8 segundos; vs. LVV-h7 = 6316
segundos) e reverteu a reducédo no tempo nos bragos fechado promovidos pela
LVV-h7 (AMPT +LVV-h7 = 223+11 segundos; vs. LVV-h7 = 175+£8 segundos)
(Figura 6A e 6B). A administragdo prévia de AMPT ndo alterou o aumento no
ndmero de entradas nos bracos abertos do LCE evocado pela LVV-h6 (AMPT +
LVV-h6 = 5£1; vs. LVV-h6 = 4+1), contudo, reverteu o aumento do nimero de
entradas nos bragos abertos promovido pela LVV-h7 (AMPT + LVV-h7 = 2+1; vs.
LVV-h7 = 5£1) (Figura 6C). O tempo no centro e periferia do CA (Figura 7A e
7B), evocado por ambas hemorfinas (LVV-h6 e LVV-h7) néo foi alterado pela
injecéo prévia de AMPT (tempo no centro CA: AMPT+LVV-h6 = 13+2 segundos;
vs. LVV-h6 = 12+2 segundos; AMPT +LVV-h7 = 10+£1 segundos; vs. LVV-h7 =
12+1 segundos; tempo na periferia CA: AMPT+LVV-h6 = 287+2 segundos; vs.
LVV-h6 = 288+2 segundos; AMPT+LVV-h7 = 290+1 segundos; vs. LVV-h7 =
288x1 segundos). O tempo no centro do LCE néo foi alterado pelas hemorfinas
(LVV-h6 = 5516 segundos; LVV-h7 = 63+3 segundos; vs. veiculo = 62+6
segundos;), e essa resposta nao foi alterada pelo AMPT quando administrado
previamente a inje¢do de LVV-h6 (AMPT+LVV-h6 = 5917 segundos; vs. LVV-h6
= 5516 segundos), mas foi menor no grupo que recebeu AMPT+LVV-h7
(AMPT+LVV-h7 = 3445 segundos; vs. LVV-h7 = 63+4 segundos) (Figura 6E).
Esses resultados demonstram que a via catecolaminérgica nao € responsavel

pelo efeito tipo-ansiolitico promovidos pela LVV-h6 e LVV-h7 mas pode estar
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envolvida no aumento da atividade locomotora/exploratdria evocado pela LVV-
h7, por reverter o aumento do nimero de entradas nos bracos abertos e nimero

total de entradas.

A injecao prévia com AMPT néo alterou a resposta evocada pela LVV-h6
nos parametros que avaliam a locomocéo no LCE (entradas nos bracos fechados
AMPT+LVV-h6 = 5£1 vs. LVV-h6 = 7%1; e total de entradas AMPT+LVV-h6 =
10£1 vs. LVV-h6 = 10+1) (Figura 6D e 6F). Além disso, AMPT néo alterou o
namero de cruzamentos (AMPT+LVV-h6 = 18+2 vs. LVV-h6 = 15+1), tempo de
imobilidade (AMPT+LVV-h6 = 49+13 segundos vs. LVV-h6 = 48+11 segundos)
e levantadas (AMPT+LVV-h6 = 7+1 vs. LVV-h6 = 10+1) no CA evocados pela
LVV-h6 (Figura 7C, 7D e 7E, respectivamente). Entretanto, o aumento no
namero de cruzamentos promovido pela LVV-h7, foi completamente revertido
pela injecdo prévia com AMPT (AMPT+LVV-h7 = 14+1 vs. LVV-h7 = 20+2)
(Figura 7C), somado a isso, 0 aumento promovido pela LVV-h7 no nimero de
autolimpeza também foi revertido pelo AMPT (AMPT+LVV-h7 = 3£1 vs. LVV-h7
= b#1) e, curiosamente, reduziu a resposta evocada pela LVV-h6 nesse
parametro (AMPT+LVV-h6 = 111 segundos vs. LVV-h6 = 4+1 segundos) (Figura
7F). Somente LVV-h7 e ndo LVV-h6, aumentou a locomocéo e atividade
exploratéria de ratos. Os resultados demonstram que a via catecolaminérgica

pode estar envolvida nesse efeito evocado pela LVV-h7.
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Figura 7: Avaliacdo do envolvimento da via de catecolaminas e opidide no efeito
tipo-ansiolitico de LVV-h6 e LVV-h7 em ratos. A: Tempo despendido nos bragos abertos; B:
Tempo despendido nos bragos fechados; C: Entradas nos bracos abertos; D: Entradas nos
bracos fechados; E: Tempo despendido no centro do LCE; F: Total de entradas. AMPT: alfa-
metil-p-tirosina. NTX: Naltrexona. Valores expressos como Média + EPM. Os resultados foram
considerados significativos quando p<0,05. * vs. Veiculo; # vs. LVV-h6; § vs. LVV-h7; & vs.
AMPT+veiculo; * vs NTX + veiculo.
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O efeito tipo-ansiolitico evocado pela LVV-h6 e LVV-h7 n&o parecem
depender das vias catecolaminérgicas (como descrito) e ocitocinérgica (125).
Diante disso e, considerando que hemorfinas sdo agonistas de receptores
opidides (85, 93, 101), verificamos o envolvimento da via opiéide nos efeitos
sobre o comportamento tipo-ansiedade e atividade locomotora/exploratéria

promovidos pela LVV-h6 e LVV-h7 (Figura 6 e 7), descritos a seguir.

O bloqueio de receptores opidide com naltrexona (0,3 mg/kg s.c.)
potenciou o aumento no tempo e o numero de entradas nos bracos abertos
(NTX+LVV-h6 = 114+19 segundos vs. LVV-h6 = 4919 segundos; NTX+LVV-h6
= 741 vs. LVV-h6 = 4+1, respectivamente) e, também, potenciou a reducédo no
tempo nos bracos fechados promovidos pela LVV-h6 (NTX+LVV-h6 = 135+£19
segundos vs. LVV-h6 = 193+12 segundos), mas nao alterou a resposta
promovida pela LVV-h7 nesses parametros (tempo nos bracos abertos:
NTX+LVV-h7 = 7513 segundos vs. LVV-h7 = 6316 segundos; numero de
entradas nos bracos abertos: NTX+LVV-h7 = 51 vs. LVV-h7 = 5+1; tempo nos
bracos fechados: NTX+LVV-h7 = 177116 segundos vs. LVV-h7 = 175%8
segundos) (Figura 6A, 6C e 6B, respectivamente). Somado a isso, a injecao
prévia de naltrexona, ndo alterou a resposta evocada pelas hemorfinas no tempo
no centro do LCE (NTX+LVV-h6 = 5115 segundos vs. LVV-h6 = 5416 segundos;
NTX+LVV-h7 = 49+4 segundos vs. LVV-h7 = 634 segundos) (Figura 6E) e no
tempo no centro e tempo na periferia do CA (tempo no centro do CA: NTX+LVV-
h6 = 24411 segundos vs. LVV-h6 = 12+2 segundos; NTX+LVV-h7 = 13+4
segundos vs. LVV-h7 = 11+1 segundos; e tempo na periferia do CA (NTX+LVV-
h6é = 276x11 segundos vs. LVV-h6 = 288+3 segundos; NTX+LVV-h7 = 287+4

segundos vs. LVV-h7 = 2881 segundos) (Figura 7A e 7B). Juntos, esses
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resultados demonstram que o efeito tipo-ansiolitico promovido pelas hemorfinas

(LVV-h6 e LVV-h7) ndo depende da ativagdo de receptores opiodides.

A injecdo prévia de naltrexona, ndo alterou a resposta evocada pelas
hemorfinas (LVV-h6 e LVV-h7) no nimero de entradas nos bracos fechados
(NTX+LVV-h6 = 7£1 vs. LVV-h6 = 7+1; NTX+LVV-h7 = 9+1 vs. LVV-h7 = 8%1) e
no numero total de entradas no LCE (NTX+LVV-h6 = 14+1 vs. LVV-h6 = 11+1;
NTX+LVV-h7 = 14+1 vs. LVV-h7 = 13%1) (Figura 6D e 6F). O bloqueio de
receptores opidides, potenciou o aumento de cruzamentos promovido pela LVV-
h7 (Figura 7C). O aumento da autolimpeza promovido pela LVV-h7 foi revertido
pelo cotratamento com NTX (NTX+LVV-h7 = 2+1 vs. LVV-h7 = 5£1) (Figura 7F).
NTX néo alterou a reducdo no tempo de imobilidade e o aumento no nimero de
levantadas promovidos pela LVV-h7 (tempo de imobilidade: NTX+LVV-h7 =
14+£10 segundos vs. LVV-h7 = 20+10 segundos; e numero de levantadas:
NTX+LVV-h7 = 13+2 vs. LVV-h7 = 14+2) (Figura 7D e 7E, respectivamente). O
namero de cruzamentos (LVV-h6 = 1541 vs. veiculo = 14+1, tempo de
imobilidade (LVV-h6 = 48+11 segundos; vs. veiculo = 84+15 segundos),
levantadas (LVV-h6 = 11+1; vs. veiculo = 7£1) e autolimpeza no CA (LVV-h6 =
4+1; vs. veiculo = 3+1), evocado pela LVV-h6 néo foi diferente do grupo veiculo
(Figura 7C, 7D, 7E e 7F, respectivamente), mas no grupo NTX+LVV-h6 houve
aumento do numero de cruzamentos (NTX+LVV-h6 = 24+2 vs. LVV-h6 = 15+1)
e reducdo do tempo de imobilidade (NTX+LVV-h6 = 9+3 segundos vs. LVV-h6 =
48+11 segundos) e autolimpeza no CA (NTX+LVV-h6 = 2+1 vs. LVV-h6 = 4+1),
sem alterar a resposta no numero de levantadas (NTX+LVV-h6 = 12+4 vs. LVV-
h6é = 11+1) (Figura 7C, 7D, 7F, 7E respectivamente). O aumento no nimero de

cruzamentos e reducgao no tempo de imobilidade no CA parecem ser decorrentes
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do efeito direto da NTX, como demonstrado no grupo NTX+Veiculo (nimero de
cruzamentos: NTX+Veiculo = 24+3 vs. veiculo = 14+1; tempo de imobilidade:
NTX+Veiculo = 28+10 segundos vs. veiculo = 84+15 segundos) (Figura 7C e
7D). O bloqueio de receptores opidides potenciou o aumento da atividade

locomotora promovida pela LVV-h7 (Figura 7C).
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Figura 8: Avaliagdo do envolvimento da via de catecolaminas e opidide na atividade
locomotora/exploratoria de LVV-h6 e LVV-h7 em ratos. A: Tempo despendido no centro
no CA; B: Tempo despendido na periferia do CA; C: Cruzamentos; D: Imobilidade; E:
Levantadas; F: Autolimpeza. AMPT: alfa-metil-p-tirosina. NTX: Naltrexona. Valores
expressos como Média + EPM. Os resultados foram considerados significativos quando
p<0,05. * vs. Veiculo; #vs. LVV-h6; 8 vs. LVV-h7.
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6.2 Avaliacdo do envolvimento da via catecolaminérgica e opidide no

efeito tipo-antidepressivo promovido pela LVV-h6 e LVV-h7

Segundo CRUZ (2016) (125), LVV-h6 e LVV-h7 reduzem o
comportamento tipo-depressdo em ratos, demonstrando um efeito tipo-
antidepressivo (125), esses dados s&o mostrados na figura 8 em conjunto com
a avaliagdo do envolvimento de vias centrais nesse efeito. Imipramina (controle
positivo) reduziu o tempo de imobilidade no NF em comparagdo com o grupo
veiculo (controle negativo) (IMI = 7+2 segundos vs. veiculo = 31+6 segundos)
(Figura 8). A reducdo no tempo de imobilidade no NF indica reducdo do

comportamento depressivo (efeito tipo-antidepressivo).

A deplecédo catecolaminérgica, pela injecdo prévia de AMPT, n&o alterou
a reducdo no tempo de imobilidade no NF promovido pelas hemorfinas
(AMPT+LVV-h6 = 175 segundos vs. LVV-h6 = 20+2 segundos; e AMPT+LVV-
h7 = 27+£2 segundos vs. LVV-h7 = 61 segundos), mas o bloqueio de receptores
opioides, pela injecdo de NTX, reverteu completamente o efeito tipo-
antidepressivo evocado por ambas hemorfinas (NTX+LVV-h6 = 46+5 segundos
vs. LVV-h6 = 20£2 segundos; e NTX+LVV-h7 = 394£3 segundos vs. LVV-h7 = 61
segundos). Aparentemente, o aumento no tempo de imobilidade no NF, nos
grupos gue receberam injecao prévia de NTX, pode ocorrer de um efeito direto
de NTX sobre o comportamento tipo-depresséo (NTX+Veiculo = 73+9 segundos
vs. veiculo = 31+6 segundos) (Figura 8). Esses resultados indicam que a via
opibide, mas ndo catecolaminérgica, pode estar envolvida no efeito tipo-

antidepressivo evocado pela LVV-h6 e LVV-h7.
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antidepressivo de LVV-h6 e LVV-h7 em ratos. Imobilidade. AMPT: alfa-metil-p-tirosina.
NTX: Naltrexona. Valores expressos como Média = EPM. Os resultados foram considerados
significativos quando p<0,05. * vs. Veiculo; #vs. LVV-h6; & vs. LVV-h7; & vs. AMPT+veiculo;
*vs NTX + veiculo.

6.3 EFEITOS DA PERFUSAO COM LVV-H6 E LVV-H7 EM CORACAO

ISOLADO

Os resultados dos efeitos de LVV-h6 e LVV-h7 (1 nMol) sobre a fungéo de
coracdo isolado, sdo mostrados na Figura 11. Foi utilizada a técnica de
Langendorff com fluxo constante de perfusdo para avalicdo da reatividade das
artérias coronarianas. Ambas hemorfinas (LVV-h6 e LVV-h7) reduziram a
pressao de perfusédo (LVV-h6: -22,8 % a -34,8 %; LVV-h7: -18,9 % a -28,4 %)
indicando efeito vasorelaxante no leito coronariano (Figura 10A). LVV-h6 e LVV-
h7 reduziram a presséo intraventricular sistolica (PIVS) (LVV-h6: -12,8 % a -32,7

%; LVV-h7:-12,8 % a -32,7 %) (Figura 10B). A Pressao intraventricular diastélica
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(PIVD) foi aumentada (LVV-h6: +26,35 %; LVV-h7: +20,38 %) nos primeiros 2
minutos apds a perfusdo de hemorfinas, mas somente a LVV-h6 promoveu
alteracOes subsequente significativas, reduzindo a PIVD (-27,2 % a -36,75 %)
(Figura 10C). Somado a isso, ambas hemorfinas reduziram a dP/dt maxima
(LVV-h6: -11,1 % a -32,8 %; LVV-h7: -11,1 % a -32,8 %) e dP/dt minima (LVV-
h6: -19 % a -45,23 %; LVV-h7: -19 % a -45,23 %) (Figuras 10D e 10E).
Entretanto, somente a LVV-h6 foi capaz de alterar significativamente a
frequéncia cardiaca, indicando efeito cronotrépico negativo (-7,13 % no 8°

minuto; -5,95 % no 22° minuto) (Figura 10F).
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Figura 10: Efeitos da LVV-h6 e LVV-h7 em coracao isolado. A. Percentual da variacéo
da pressao perfusao; B. Percentual da variagcao da presséo intraventricular sistélica (PIVS);
C: Percentual da variagédo da presséo intraventricular diastolica (PIVD); D: Percentual da
variacdo da dP/dtmax; E: Percentual da variacdo da dP/dtmin; F: Percentual da variacdo da
frequéncia cardiaca. Valores expressos como Média
considerados significativos quando p<0,05. * vs. basal; #vs. LVV-h6.

+ EPM. Os resultados foram
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6.4 EFEITOS DA LVV-H6 E LVV-H7 SOBRE A REATIVIDADE VASCULAR

Os resultados dos efeitos de LVV-h6 e LVV-h7 sobre a reatividade
vascular na técnica de vaso isolado, sdo mostrados na Figura 10. Nao houve
reatividade vascular, apés adicdo de LVV-h6 ou LVV-h7 na cuba do banho de
orgéos. Esse resultado indica que nenhuma das hemorfinas (LVV-h6 e LVV-h7)
promoveram efeitos vasoconstritores (Figura 11A) ou vasorelaxantes (Figura

11B) sobre os anéis isolados de artéria aorta descendente de ratos.
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Figura 11: Efeitos da LVV-h6 e LVV-h7 sobre a reatividade vascular de anéis de aorta
isolados. A: Contracéo; B: Relaxamento. Valores expressos como Média + EPM. Os resultados
foram considerados significativos quando p<0,05.
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7 DISCUSSAO

Estudo realizado por Cruz et al., (2016) (125) demonstra que LVV-h6 e
LVV-h7 evocam efeito tipo-ansiolitico e tipo-antidepressivo em ratos, sendo o
efeito tipo-ansiolitico promovido por ambas hemorfinas ndo dependente da
ativacdo de receptores de ocitocina. Entretanto, o bloqueio de receptores de
ocitocina reverteu o efeito tipo-antidepressivo evocado pela LVV-h7, indicando
que a via ocitocinérgica estd envolvida no efeito de LVV-h7 sobre o
comportamento tipo-depressdo (125, 154). Portanto, outras vias (nao-
ocitocinérgicas) poderiam estar envolvidas nos efeitos de LVV-h6 e LVV-h7
sobre os comportamentos tipo-ansiedade e tipo-depressdo. Sabendo que as
catecolaminas exercem efeitos modulatorios sobre esses comportamentos
(175), verificamos o envolvimento da via catecolaminérgica nos efeitos
promovidos pelas hemorfinas, inibindo a biossintese de catecolaminas com
AMPT (200 mg/kg), um inibidor da enzima tiroxina hidroxilase. O efeito tipo-
ansiolitico e tipo-antidepressivo evocado pela LVV-h6 e LVV-h7 nao foi revertido
pela injecao prévia de AMPT (Figura 12), mas o efeito evocado pela LVV-h6 no
comportamento tipo-ansiedade, foi potencializado. De fato, sabe-se que o
aumento na neurotransmissdo noradrenérgica provoca sintomas ansiogénicos
(176) (177, 178). A maioria dos neurbnios catecolaminérgicos estdo localizados
no Locus Coeruleos (LC) e modulam diferentes fungdes, incluindo
comportamento emocional. O aumento na liberacdo de noradrenalina promove
sintomas depressivos e ansiogénicos (176-178). O LC exerce efeitos
antagbnicos em regibes prosencefalicas que controlam respostas
comportamentais (179). Por exemplo, lesdes na regido dorsal do LC aumenta o

medo e induz a ansiedade (180). A lesdo de LC na mesma regido aumenta o
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efeito tipo-antidepressivo promovido pela Reboxetina, um inibidor da recaptagéo
de noradrenalina. Por outro lado, lesbes em regides ventrais do LC, revertem
completamente o efeito tipo-antidepressivo (179), demonstrando que LC modula
respostas comportamentais e esse controle depende da regido que estiver mais
ativa no LC. Aferéncias noradrenérgicas para amigdala regulam a formacéo da
memoéria apds experiéncias emocionais (181, 182). A amigdala é responséavel
pela organizagdo de comportamentos de medo e ansiedade, como evitacdo e
congelamento (183). ApOs experiéncias emocionais (184), os niveis de
noradrenalina encontram-se aumentados na amigdala (185), o que é
acompanhado por mudancas no perfil hormonal sanguineo (186) e na atividade

autonomica (187).

Dopamina, outra catecolamina, também pode estar envolvida nas
respostas neurobiolégicas da depressdo, ansiedade, aprendizado e
comportamentos motivacionais (175). Como a noradrenalina, a funcdo da
dopamina € controversa ho comportamento depressivo, por exemplo: enquanto
0 aumento desta catecolamina no cértex pré-frontal pode desencadear o
comportamento depressivo, a reducdo da neurotransmissdo dopaminérgica
nessa regiao promove efeito tipo-antidepressivo (188), aparentemente, por meio
da ativacdo de receptores dopaminérgicos tipo 2 (D2) (188-190). Se as
hemorfinas exercem efeitos sobre a via dopaminérgica, especificamente, pela

ativacao de receptores D2, permanece por ser elucidado.

Diante disso, € aceitavel a hipotese que regides do cérebro,
principalmente agquelas com envolvimento de vias catecolaminérgicas, estejam
envolvidas nos efeitos comportamentais promovidos pela LVV-h6 e LVV-h7,

principalmente porque recentemente identificamos RNAm para cadeia [3-globina
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da hemoglobina em regides encefalicas, tais como: coértex pré-frontal,
hipocampo, amigdala, hipotadlamo e hipdfise (154). Neste caso, se os efeitos das
hemorfinas, estdo vinculados a atividade de receptores das catecolaminas, isso

ainda deve ser verificado (Figura 12).

As hemorfinas sdo peptideos endogenos opidides (84, 85, 93, 95). O
sistema opioide controla diferentes funcfes (191), incluindo o estado de humor
(192). Diante disso, buscamos investigar a contribuicdo dos receptores opidides
nos efeitos exercidos pela LVV-h6 e LVV-h7. O blogueio de receptores opidides
com o antagonista naltrexona, ndo alterou o efeito tipo-ansiolitico evocado pela
LVV-h7, entretanto, potencializou o efeito tipo-ansiolitico promovido pela LVV-
h6. O efeito tipo-antidepressivo de ambas hemorfinas foi revertido pelo bloqueio
de receptores opidides com naltrexona. Os receptores opidide sdo amplamente
expressos pelo Sistema Nervoso Central (SNC) e sistema nervoso periférico
(193). Opiodides endogenos sao liberados no SNC apés ingestao de alimentos,
sentimentos positivos e aceitacdo social (194). O tratamento com morfina, um
opibdide exdgeno, reduz a ansiedade em pacientes com transtornos de estresse
pos-traumatico (195, 196). Ativacdo de receptores, com 0 agonista opidide
buprenorfina, reduz os niveis de cortisol, sem alterar a ansiedade em pacientes
saudaveis (197). Todavia, o bloqueio dos receptores opidides promove disforia
e potencializa sentimentos negativos (198, 199). O sistema opidide também
estar envolvido em reagbes de defesa, por inibir correntes pds-sinapticas

excitatérias na amigdala lateral de ratos (200).

Receptores Kappa-opidide (KOR) desempenham fungédo na ansiedade,
depressao (201, 202) e interacdo social (203, 204). Ativacdo de KOR durante

eventos estressantes induz mudancas comportamentais a longo-prazo (205),
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esta envolvida na resposta anti-recompensa (206) e participa da psicopatologia
induzida pelo estresse (207). De maneira interessante, outro receptor opioide
esta envolvido no processo de recompensa: o receptor p-opidide (MOR) (206,
208). A ativagao deste receptor (MOR) reduz a atividade neuronial na substancia
cinzenta periaquedutal lateral e globo palido ventral, que regulam componentes
sensorio-motor de reagcbes de defesa (209). Por outro lado, camundongos
knockout para receptores Delta-opidide (DOR) apresentaram aumento no
comportamento tipo-ansiedade e tipo-depresséo, sugerindo, que este receptor
opidide também contribui para o estado de humor (209, 210), além de estar

envolvido na aprendizagem e no sistema de recompensa (211).

Embora o bloqueio de receptores opidides ndo tenha revertido o efeito
tipo-ansiolitico das hemorfinas, o efeito tipo-antidepressivo de LVV-h6 e LVV-h7
foi completamente revertido (Figura 12), ainda que NTX tenha, por si s0,
aumentado o tempo de imobilidade no NF. Os receptores opidides regulam a
atividade de neurdbnios monoaminérgicos (211) e desta maneira podem
promover a reduc¢do no comportamento tipo-depressao. De fato, o efeito tipo-
antidepressivo de um antidepressivo triciclico foi revertido pela naloxona (211,
212), um antagonista de receptores opidides nao especifico, semelhante ao
utilizado em nosso estudo. A ativacdo de MOR, sobre interneurdnios inibitorios
GABAérgicos na area tegmental ventral, aumenta a neurotransmissao
dopaminérgica e, também, a liberacdo de serotonina (5-HT) no nucleo dorsal da
rafe. Em neurdnios noradrenérgicos, receptores MOR promovem efeito direto
sobre a liberagao de noradrenalina (211). Entretanto, a ativagdo de KOR inibe a

liberacdo de dopamina no nucleus accumbens, desencadeando o
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comportamento depressivo e diminuicdo de humor (207, 213). De fato, o

bloqueio de KOR e ativagdo de DOR promovem efeito tipo-antidepressivo (211).

Todos os tipos de receptores opidides sado expressos no hipocampo e
modulam a neurogénese promovida pelo fator neurotroéfico derivado do cérebro
(BDNF) (211), o principal fator neurotrofico promotor do efeito tipo-antidepressivo
de muitas drogas (214). A ativacado de MOR no hipocampo reduz a sobrevivéncia
e proliferacdo de neurdnios (215, 216). Contudo, apdés administracdo de
encefalinas e agonistas especificos DOR, houve aumento nos niveis de RNAmM
para BDNF, o que foi revertido pelo bloqueio de DOR e MOR pelo uso de
antagonistas (211). Diante do exposto, € evidente a contribuicdo da via opibide
nos efeitos mediados pelo BDNF e a que LVV-h6 e LVV-h7 promoveria efeitos
comportamentais a longo prazo mediados por receptores opioides, entretanto é

necessario, que isso ainda seja investigado.
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Figura 12: Hipo6teses e vias centrais envolvidas no efeito tipo-ansiolitico e tipo-
antidepressivo promovido pela LVV-h6 e LVV-h7. A: LVV-h6 reduz o comportamento tipo-
ansiedade e tipo-depressao (efeito tipo-ansiolitico e tipo-antidepressivo, respectivamente) (linhas
vermelhas e solidas); o aumento na biodisponibilidade de catecolaminas e a ativagdo de
receptores de ocitocina, ndo esta envolvida nos efeitos comportamentais de LVV-h6 (linhas
pretas e sdlidas); Hipotese de LVV-h6 se ligar a receptores de catecolaminas, desenvolvendo
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seus efeitos sobre o comportamento tipo-ansiedade e tipo-depressao (setas azuis com linhas
tracejadas na parte superior); hipotese de atividade de LVV-h6 sobre a biodisponibilidade de
neurotransmissores (opioides, e serotonina) (setas azuis com linhas tracejadas) e, desta forma,
elevando as concentragfes desses componentes centrais, 0S mesmos ativariam 0s seus
respectivos receptores (setas azuis com linha tracejadas) ou a hipétese de LVV-h6 se ligar
diretamente em receptores de serotonina (seta azul com linhas tracejadas, na parte inferior)
exercendo os efeitos de LVV-h6 sobre o comportamento emocional; A ativacdo de receptores
ocitocinérgicos ndo esta relacionada aos efeitos comportamentais promovidos pela LVV-h6 (linha
preta e solida); mas LVV-h6 se liga em receptores opidides e os estabiliza na conformacéo ativa
(efeito agonista), sendo este pelo menos um dos mecanismos envolvidos no efeito tipo-
antidepressivo de LVV-h6 (seta verde com linha sélida), mas ndo no efeito tipo-ansiolitico (linha
preta e soélida). B: LVV-h7 reduz o comportamento tipo-ansiedade e tipo-depresséo (efeito tipo-
ansiolitico e tipo-antidepressivo, respectivamente) (linhas vermelhas e sélidas); o aumento na
biodisponibilidade de catecolaminas, ndo estd envolvido com os efeitos comportamentais de
LVV-h7 (linhas pretas e soélidas, na parte superior); a ativacdo de receptores opibides e
receptores ocitocinérgicos ndo esté envolvida com o efeito tipo ansiolitico promovido pela LVV-
h7 (linhas pretas e sélidas), mas sim no efeito tipo-antidepressivo evocado pela LVV-h7 (seta
verde e sélida), sendo a ativacdo de receptores opibides, diretamente pelo agonismo de LVV-h7
a esses receptores (seta verde e solida) ou pela hipétese de LVV-h7 aumentar os niveis de
opidéides enddgenos e, esses, por sua vez, se ligarem em seus receptores (setas azuis com
linhas tracejadas), desencadeando o efeito tipo-antidepressivo de LVV-h7; hipétese de LVV-h7
aumentar a biodisponibilidade de ocitocina (seta azul com linha tracejada), pela inibicdo da
atividade aminopeptidase do AT4/IRAP (seta laranja com linha tracejada), aumentando os niveis
de ocitocina central, que por sua vez, ativa seus respectivos receptores (setas azuis com linhas
tracejadas, na parte inferior), desempenhando o efeito tipo-antidepressivo de LVV-h7; hip6tese
de LVV-h7 alterar as concentracbes de serotonina que, desta forma, se ligaria em seus
receptores (setas azuis com linhas tracejadas, na parte inferior) e/ou, hip6tese de ligacdo direta
de LVV-h7 em receptores de serotonina exercendo os efeitos sobre o comportamento emocional
(setas azuis com linhas tracejadas, na parte inferior). SNC: sistema nervoso central; a-
adrenérgicos: D1: receptores de dopamina tipo 1; D2: receptores de dopamina tipol; OTr:
receptores de ocitocina; 5-HT: serotonina; 5-HTr: receptores de serotonina; AT4/IRAP: receptor
de angiotensina IV com atividade constitutiva aminopeptidase; MOR: receptor p-opiéide; DOR:
receptor Delta-opidide; KOR: receptor Kappa-opidide.

No presente estudo néo foi identificado efeito de LVV-h6 e LVV-h7 sobre
anéis isolados de aorta de ratos normotensos. Todavia, estudos sobre os efeitos
de hemorfinas sobre o sistema cardiovascular sdo escassos e controversos:
administracdo endovenosa de LVV-h7 evocou efeito pressor e taquicérdico de
curta duracdo em ratos anestesiados e vagotomizados (156). Em ratos
espontaneamente hipertensos (SHR), também foram observados efeitos pressor
e taquicardico, entretanto somente nos 20 minutos iniciais, seguidos por redugéo
de PAM e FC nos oitenta minutos subsequentes (157). A administracéo de LVV-
h7 pela via intraperitoneal ndo alterou a pressao arterial média (PAM) e

frequéncia cardiaca (FC) de ratos normotensos conscientes (157). Foi
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identificada uma correlagcdo entre o aumento da pressao diastélica sanguinea

com os baixos niveis séricos da VV-h7 (123).

Em estudo realizado em ileo isolado de cobaias (217), que avaliou a
atividade sobre a musculatura lisa, foi verificado que hemorfina-4 inibe a
contracdo quando o ileo de cobaias foi estimulado eletricamente. Tal inibicdo
depende da ativacdo de receptores opiodides, contudo, em cobaias tolerantes a
morfina ou apds inativacdo parcial dos receptores opidides, com [-
cloronaltrexamina, o efeito sobre esses receptores € antagonista (217). Os
efeitos de hemorfina-4 e hemorfina-5 sobre a motilidade gastrointestinal foram
testados pela técnica do centro geométrico e nao foi identificada nenhuma
alteracdo na atividade propulsora da musculatura gastrointestinal (109). Foi
verificado também que essas mesmas hemorfinas (hemorfina-4 e hemorfina-5)
inibem a motilidade da bexiga, desempenhando efeito inibidor do reflexo de

miccédo induzido por volume (109).

Foi estabelecido que VV-h4 e LVV-h4 apresentam propriedades
constritora sobre vasos coronarios (111). Adicionalmente, hemorfina-7 diminui o
aumento do fluxo sanguineo local induzido por estimulacéo elétrica em modelo
de inflamacao, além de inibir a vasodilatacdo e o extravasamento do plasma,
promovidos pela substancia P, sendo esses efeitos dependentes de receptores
opidides (106). Em 2006, lanzer e colaboradores demonstraram que LVV-h7
potencializa o efeito hipotensivo da bradicinina em ratos normotensos
anestesiados (113). Interessantemente, LVV-h7 nédo altera a PAM e resisténcia
vascular renal, bem como néo altera o fluxo sanguineo renal (171) e hipocampal
em ratos anestesiados (138) e, ainda, ndo induz natriurese de ratos normotensos

anestesiados (171).
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Diante da hip6tese de que LVV-h6 e LVV-h7 podem influenciar o sistema
cardiovascular, a auséncia de efeitos de LVV-h6 e LVV-h7 em anéis isolados de
aorta de ratos, demonstrados no presente estudo, indicam que tais efeitos, se
presentes, ndo ocorrem nesse leito vascular. Neste contexto, também avaliamos
os efeitos das hemorfinas em coracao isolado de ratos. Ambas LVV-h6 e a LVV-
h7 atuaram diminuindo a pressao de perfusdo, a dp/dt maxima e minima e a
presséo intraventricular sistélica e diastélica, o que demonstra um efeito sobre o
inotropismo cardiaco. Experimentos adicionais in vivo Sdo necessarios para
maior compreensao desses efeitos ex vivo, uma vez que a regulacao do sistema
cardiovascular é de carater integrativo. A partir disso, algumas hipGteses
mecanisticas podem ser levantadas para explicar os efeitos cardiacos
provocados pelas hemorfinas: i) LVV-h7 é um agonista do receptor de
angiotensina IV (AT4) (136, 147), somado a isso, foi demonstrado, que LVV-h6
nao tem diferenca significativa na ligacdo ao AT4/IRAP em comparacdo a LVV-
h7 (149, 218); ii) ambas LVV-h6 e LVV-h7 s&o inibidores da ECA (86, 158), diante
disso, é possivel inferir, que as hemorfinas podem desempenhar importantes
funcdes no sistema renina angiotensina aldosterona; iii) ao se ligar no receptor
AT4, LVV-h7 promove os mesmos efeitos, mediados por mensageiros
intracelulares, desencadeados pela ativagéo do receptor (136). Adicionalmente,
LVV-h7 é capaz de inibir a atividade aminopeptidase (aminopeptidase de
membrana regulada por insulina - IRAP) constitutiva do AT4 e, desta forma,
impedir a degradacao de diversos peptideos como vasopressina, angiotensina
[l e ocitocina (148, 150-152). Em estudos in vivo, a inibicdo do AT4/IRAP
resultou em aumento nos niveis de ocitocina na amigdala (153), portanto,

AT4/IRAP €& também denominada ocitocinase, com importante funcdo de
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controle nas concentragcdes centrais desse hormoénio (152). A ocitocina exerce
efeitos cronotrépicos e ionotrdpicos negativos em coracgao isolado de cées, por
meio da liberacdo de éxido nitrico (NO) e acetilcolina pelos neurbénios poés-
ganglionares cardiacos (219). Além disso, a ocitocina aumenta a perfusédo
sanguinea no coragéo, favorecendo a contratilidade cardiaca e, exercendo efeito

cardioprotetor no modelo de isquemia-reperfusao em coracao isolado (220).

E possivel que LVV-h6 e LVV-h7 se liguem ao AT4/IRAP aumentando a
concentracdo de ocitocina no coracdo, o que resultaria nos efeitos que
encontramos no coracao isolado. Recentemente, demonstramos que LVV-h7
evoca efeitos comportamentais em ratos, 0s quais sdo dependentes de
receptores de ocitocina. No mesmo estudo, LVV-h7 néo alterou a amplitude do
cronotropismo positivo e das respostas pressora e neuroenddcrina ao estresse
emocional agudo (154). Em contrapartida, outros estudos demonstraram que o
aumento nos niveis de ocitocina tem efeitos vasculares, o que foi evidenciado
em outros modelos experimentais (221). Entretanto, ainda é necessario ser
confirmado, se os efeitos cardiacos das hemorfinas dependem da atividade de
receptores de ocitocina. Interessante, todavia, é que ambas LVV-h6 e LVV-h7
modificaram funcdo cardiaca de maneira equipotente no que diz respeito a
amplitude e duracdo dos efeitos nos experimentos realizados no coracgéo
isolado. Isso permite sugerir que ambas LVV-h6 e LVV-h7 atuariam em um alvo
molecular cardiaco comum, modificando o metabolismo de célcio em

cardiomidcitos.

A LVV-h7 ndo tem efeito agonista ou antagonista de receptores de
angiotensina, uma vez que nao alterou os efeitos de angiotensina Il e

angiotensina IV (222). Entretanto, como citado anteriormente, tanto LVV-h6
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como LVV-h7 séo capazes de inibir a ECA (86, 96, 158), que converte
angiotensina | em angiotensina Il, além de degradar bradicinina (223). Em 2006,
lanzer e colaboradores demonstraram que LVV-h7, assim como a angiotensina
(1-7) (224-226), € capaz de potencializar o efeito da bradicinina, que regula o
tbnus vascular, promovendo vasodilatacao (113). No presente estudo, LVV-h6 e
LVV-h7 reduziram a pressdo de perfusdo no coragdo isolado de ratos,
possivelmente por promoverem a vasodilatagdo das coronarias. Se, de fato, tais
efeitos dependerem de seu efeito sobre a ECA, 0os mecanismos potencialmente
envolvidos na melhora da perfusdo podem ser via aumento dos niveis de

angiotensina (1-7) e bradicinina (86, 96, 158).

O LVV-h6 e o LVV-h7 apresentam uma similaridade estrutural substancial
em suas sequéncias de aminoacidos, a unica diferenca é que LVV-h6 ndo possui
uma fenilalanina (Phe) em sua posicdo C-terminal (85). Lee e colaboradores
demonstraram que a delecdo deste Ultimo residuo de aminoacido (Phel0 da
posicdo C-terminal de LVV-h7) foi incapaz de produzir mudancas pronunciadas
na afinidade pelo receptor AT4/IRAP (149), demonstrando que LVV-h-6 e LVV-
h7 podem atuar com a mesma afinidade sobre determinados alvos biolégicos,
por exemplo a ECA, resultando na similaridade dos efeitos sobre o coracao
isolado, encontrados neste estudo. Em contrapartida, nossos resultados
comportamentais, demonstram que 0Ss mecanismos envolvidos nos efeitos
centrais evocados pelo LVV-h6 e LVV-h7 sédo parcialmente diferentes (Figura
12), possivelmente em consequéncia da auséncia de Phe na LVV-h6, assim
como no sistema renina-angiotensina-aldosterona, em que a mesma remogao
de Phe entre a angiotensina Il em angiotensina (1-7) resulta em efeitos

contrarregulatorios e principalmente opostos em consequéncia da relacdo
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estrutura/afinidade, de modo que: angiotensina |l apresenta afinidade pelos
receptores AT1 (receptores da angiotensina subtipo 1) e receptores AT2
(receptores de angiotensina subtipo 2), enquanto a angiotensina 1-7 se liga
preferencialmente ao receptor Mas (227). Portanto, pequenas mudancas na
estrutura primaria do peptideo podem modificar a afinidade e especificidade de
ligagdo, como notado na via ocitocinérgica, como um dos mecanismos

envolvidos nos efeitos comportamentais de LVV-h6 e LVV-h7 (Figura 12).

Foi demonstrado que a LVV-h7 promoveu taquicardia quando aplicada via
intravenosa em animais anestesiados e vagotomizados, sendo esses efeitos
dependentes da atividade do braco simpatico do sistema nervoso autbnomo
(156). As hemorfinas exercem efeitos analgésicos e anti-hiperalgésicos
mediados por receptores opidides (142) o que reforca a hipotese de que os
efeitos autondmicos, cardiacos e vasculares de LVV-h6 e LVV-h7 poderiam
envolver esse sistema. De fato, os receptores opidides sdo encontrados em
diversos locais do coracao (228, 229), e sua ativacdo promove bradicardia (230).
Tais receptores sdo acoplados a proteina Gi/o, que inibe a adenilil ciclase e a
producdo de AMPc e a GBy interage com diferentes canais ibnicos de membrana
(231), modulando canais de Ca?* e inibindo o influxo de Ca?* (232). Além disso,
a ativacao de receptores opibides leva a abertura de canais de K * acoplados a
proteina G, impedindo assim a excitacéo celular e/ou a propagacéo de potenciais
de acdo. Os receptores opidides também podem atuar inibindo canais de Na*
(233, 234). A modulacgéo no transiente idnico através da membrana celular e no
citosol pode ser um mecanismo determinante das respostas cardiacas geradas
pelas LVV-h6 e LVV-h7. Duas hemorfinas (VV-h4 e LVV-h4) possuem

propriedades dos peptideos constritores coronarios (111). Contudo, estudos in
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vitro demonstraram que a morfina levou a um aumento na producéo de NO em
células endoteliais, que foi revertida pela acdo da naloxona (235). Sendo assim,
0 aumento na producédo de NO pelas células endoteliais das coronéarias, mediado
pela ligacao de LVV-h6 e LVV-h7 em receptores opibides, também pode ser um
mecanismo vidvel para os efeitos encontrados por essas hemorfinas no presente

estudo. Tais hipéteses, entretanto, merecem estudos futuros.
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8 CONCLUSAO

O efeito tipo-ansiolitico de LVV-h6 e LVV-h7 ndo depende da rota de
biossintese de catecolaminas ou da ativagdo de receptores opibides, O efeito
tipo-antidepressivo de ambas hemorfinas, foi revertido pelo bloqueio de
receptores opidides, indicando a ativacdo desses receptores como mecanismo
potencial. Adicionalmente, LVV-h6 e LVV-h7, atuam diminuindo a funcéo
cardiaca, nos parametros avaliados, em coracdo isolado sem afetar a
vasomotricidade de anéis isolados da artéria aorta de ratos. Apesar de LVV-h6
e LVV-h7 provocarem os mesmos efeitos sobre o comportamento tipo-ansiedade
e tipo-depressdo, os mecanismos determinantes desses sdo parcialmente
diferentes, mesmo com uma substancial similaridade na estrutura primaria
dessas hemorfinas. Ademais, a cascata metabdlica -globinas-hemorfinas pode
compor um sistema de regulacao de funcdes fisiolégicas e do comportamento

ansiedade e depressao.
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ARTICLE INFO ABSTRACT

Keywords: LVV-hemorphin-7 (LVV-h7) is bioactive peptide resulting from degradation of hemoglobin -globin chain. LVV-
LVV-h7 h7 is a specific agonist of angiotensin IV receptor. This receptor belongs to the class of insulin-regulated ami-
Hemorphin nopeptidases (IRAP), which displays oxytocinase activity. Herein, our aims were to assess whether: i) LVV-h7
Hemoglobin modifies centrally organized behavior and cardiovascular responses to stress and ii) mechanisms underlying
g{g};dn LVV-h7 effects involve activation of oxytocin (OT) receptors, probably as result of reduction of IRAP proteolytic
Anxiety activity upon OT. Adult male Wistar rats (270-370 g) received (i.p.) injections of LVV-h7 (153 nmol/kg), or
Depression vehicle (0.1 ml). Different protocols were used: i) open field (OP) test for locomotor/exploratory activities; ii)

Stress Elevated Plus Maze (EPM) for anxiety-like behavior; iii) forced swimming test (FST) test for depression-like
behavior and iv) air jet for cardiovascular reactivity to acute stress exposure. Diazepam (2 mg/kg) and imi-
pramine (15 mg/kg) were used as positive control for EPM and FST, respectively. The antagonist of OT receptors
(OTr), atosiban (1 and 0,1 mg/kg), was used to determine the involvement of oxytocinergic paths. We found that
LVV-h7: i) increased the number of entries and the time spent in open arms of the maze, an indicative of
anxiolysis; ii) provoked antidepressant effect in the FS test; and iii) increased the exploration and locomotion; iv)
did not change the cardiovascular reactivity and neuroendocrine responses to acute stress. Also, increases in
locomotion and the antidepressant effects evoked by LVV-h7 were reverted by OTr antagonist. We conclude that
LVV-h7 modulates behavior, displays antidepressant and anxiolytic effects that are mediated in part by oxytocin
receptors.

1. Introduction brain of rat embryos, suggesting that central nervous system is able to
synthetize them (Ohyagi et al., 1994). Later, Nydahl and colleagues

LVV-hemorphin-7  (LVV-h7) (Leucine-Valine-Valine-Tyrosine- detected brain hemorphins as a degradation product of these brain-

Proline-Tryptophan-Threonine-Glutamine-Arginine-Phenylalanine) is a
peptide belonging to the hemorphins family that results from the de-
gradation of B-globin (Nydahl et al., 2003; Sanderson et al., 1996).
Seminal studies found that o and -globins mRNAs are expressed in the

synthetized globins (Nydahl et al., 2003).

The study of the LVV-h7 molecular structure revealed that its
synthesis arises from the catalytic action of chymotrypsin-like enzyme
upon f-globin chain (Glamsta et al., 1992). High molecular weight
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cDNA, Ciclic desoxyribonucleic acid; DNA, Desoxyribonucleic acid; ECG, Electrocardiography; EPM, Elevated Plus Maze; FST, Forced swimming test; GAPDH, Glyceraldehyde 3-phos-
phate dehydrogenase; GMP, Guanosin 3’, 5 — monophosphato ciclic; HR, Heart rate; i.p., Intraperitoneal; i.v., Intravenous; IRAP, Insulin regulated aminopeptidases; MAP, Mean arterial
pressure; mRNAs, Messenger; NO, Nitric oxide; OF, Open Field; OT, Oxytocin; OTr, Oxytocin receptor; PAP, Pulsed arterial pressure; PCR, Polimerase chain reaction; PKG, Protein kinase
G; SEM, Standard error mean; VHE, Vehicle
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aspartic proteinase enzyme can be responsible for producing LVV-h7
(Barkhudaryan et al., 1993). Additional assays with endogenous lyso-
somal proteases demonstrated that the aspartic proteinase enzymes,
cathepsins D and L, play the catalytic function that generate LVV-h7
(Fruitier et al., 1999). Further studies showed that other enzymes could
be involved in the synthesis of LVV-h7 in blood stream and specific
tissues (Dejouvencel et al., 2010). In addition to being found in the
blood, hemorphins are present in different organs and brain regions,
such as hypothalamus, adrenal and pituitary glands (Barkhudaryan
et al., 1993; Cerpa-Poljak et al., 1997; Chang et al., 1980; Glamsta et al.,
1992; Karelin et al., 1994; Moeller et al., 1997; Piot et al., 1992;
Sanderson et al., 1994; Yatskin et al., 1998).

In vitro studies showed high stability of LVV-h7 in human tissues
and plasma (Lantz et al., 1991; Sanderson et al., 1996), whereas in vivo
studies demonstrated that enzymes such as amastatin-sensitive amino-
peptidase of extracellular fluid degrades this peptide (Nydahl et al.,
2003). With regard to its mechanistic features, besides inhibiting the
catalytic activity of the angiotensin converting enzyme (ACE) (Fruitier-
Arnaudin et al., 2002), LVV-h7 has been reported as a high affinity
specific agonist of angiotensin IV (AT4) receptor (AT4r), a G-protein
coupled receptor (Moeller et al., 1999; Moeller et al., 1997). Because of
being a transmembrane enzyme and of presenting a catalytic domain,
AT4r belongs to the class of insulin-regulated aminopeptidases (IRAP)
that further displays peptideolytic activity (Keller et al., 1995). This
catalytic activity may be allosterically inhibited in the presence of AT4r
agonists, AT4 and LVV-h7 (Lew et al., 2003; Moeller et al., 1999;
Moeller et al., 1997).

In spite of the controversial results upon cardiovascular system
(Cejka et al., 2004; Moisan et al., 1998; Yang et al., 2008), LVV-h7
central effects (Allen et al., 1998; Gomes et al., 2010; Moeller et al.,
1998; Nydahl et al., 2003) may be mediated by oxytocin (OT)
(Tomizawa et al., 2003). In view of the effects depicted in the literature
and considering that agonists evoke allosteric inhibition that would
reduce AT4r aminopeptidases and peptidolytic activities, it is worth
hypothesizing that LVV-h7 may display important biological activities
upon different systems, including cardiovascular, neuroendocrine and
centrally-mediated effects. Therefore, the aim of this study was to
evaluate whether LVV-h7 would affect: i) the anxiety-like and depres-
sion-like behaviors; ii) locomotion/exploration; iii) cardiovascular and
neuroendocrine reactivity to acute emotional stress. We also checked
whether these effects exerted by LVV-h7 would depend on the activity
of OT receptors (OTr) probably raised by increases in OT levels, as a
result of reductions in the OT degradation by an allosteric inhibition of
AT4r catalytic domain (Tsujimoto et al., 1992).

2. Materials and methods
2.1. Animals

The experiments were conducted in Wistar rats (270-370 g).
Procedures involving animals were in agreement with Giles (Giles,
1987). Experimental protocols were in agreement with standards ani-
mals use after approval by animal ethics committee of Federal Uni-
versity of Goids, Brazil (Protocol 090/14). Animals were housed in in-
dividual cages (47 cm X 31cm x 16 cm), in acclimatized rooms
(temperature 22-24 °C) with light/dark cycle of 12/12 h and water and
food open access (ad libitum).

2.2. Drugs and reagents

Diazepam (Sigma, St. Louis MO, USA) (2 mg/kg) was used as po-
sitive control, since it is well known for producing anxiolysis
(Calcaterra and Barrow, 2014). Imipramine (Sigma, St. Louis MO, USA)
(15 mg/kg) was the antidepressant used as positive control in depres-
sion-like behavior (Porsolt et al., 1978). The vehicle chosen was NaCl
(0.9%). The dose of choice (153 nMol) for LVV-h7 (GenOne, Brazil) was
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based in a previous study performed by Ianzer et al. (Ianzer et al.,
2006). Synthetic Oxytocin® (UCB-animal health) 50 pg/kg (Mak et al.,
2012) and the antagonist of oxytocin receptor Atosiban-Tractocile®
(Ferring Pharmaceutics, Switzerland) at 1 and 0.1 mg/kg (Mak et al.,
2012) were used to evaluate the involvement of oxytocinergic paths.

2.3. Elevated Plus Maze

This protocol was performed as described by Pinheiro et al. (2007)
(Pinheiro et al., 2007). The Elevated Plus Maze (EPM) is a device ele-
vated 50 cm above the ground consisting of two open arms
(50 x 10 cm) without sidewalls, perpendicular to two closed arms of
the same dimension. Closed arms are surrounded by sidewalls of 40 cm
height. A small wall of 1 cm is coupled around the open arms to avoid
the fall of the animals from equipment. Animals received i.p. injections
of LVV-h7, vehicle (negative control; 0.9% NaCl) or diazepam (positive
control; 2 mg/kg). EPM assessments were run 30 min after drug ad-
ministration. The rats were placed on the central platform of the maze
(with the head directed towards one of the closed arms), and were free
to explore the apparatus for a 5 min recording time. The experiments
were record and later analyzed. After each session, the animal returned
to its home cage and the EPM was clean (10% alcohol) to avoid in-
terference olfactory clues.

2.4. Locomotor/exploratory activity

To evaluate locomotor and exploratory activities we used the
method described by Moreira et al. (Moreira and Guimaraes, 2005).
Animals were placed in a round open field (OF), which is divided into
quadrants (23 cm X 15.5 cm) with identical areas. Animals received
(i.p.) LVV-h7, vehicle (0.9% NaCl) or diazepam (2 mg/kg), and were
assessed in the OF 30 min after drug administration. The rats were
placed in the central quadrant of the OF and were free to explore the
apparatus for 5 min. A video camera was fixed above the field to record
behavior. At the end of the experiments, the recording files were ana-
lyzed. We assessed crossing, grooming, rearing, immobility time and
time spent at center and periphery of the field. After each session, an-
imal returned to its home cage and the field was clean (10% alcohol) to
avoid interference of olfactory clues.

2.5. Forced swimming test

Forced swimming test (FST) was adapted from that model originally
proposed by Porsolt et al. (Porsolt et al., 1977). In rats, a previous ex-
posure to forced swim is required to discern antidepressant-like activity
(Slattery and Cryan, 2012). Then, 24 h before test, rats were placed
inside a PVC cylinder, 24 cm in diameter by 60 cm height, filled by a
water column of 42 cm, at 25 + 1 °C, for 15 min. After each use, cy-
linders were cleaned with 10% alcohol to avoid olfactory clues. Sub-
sequently, animals received i.p. injections (0.1 ml) of drugs or vehicle
[NaCl 0.9%; imipramine 15 mg/kg; LVV-h7 153nMol/kg; oxytocin
50 pg/kg; atosiban 1 mg/kg + LVV-h7 153 nMol/kg or atosiban 1 mg/
kg + oxytocin 50 ug/kgl, 24 h before test. At the second day (test),
animals received second and third i.p. injections of vehicle or drugs 5 h
and 1 h before the test, respectively. During the test, rats underwent
forced swim for 6 min, which was recorded with a camera for later
analysis.

2.6. Surgical procedures

2.6.1. Anesthesia

For surgical procedures, rats were anesthetized with 2,2,2-tri-
bromoethanol (Sigma-Aldrich, USA) at the dose of 250 mg/kg (i.p.).
Supplements were given at lower doses (50 mg/kg i.p.) during the
surgery, when necessary for maintaining of the anesthetic depth.
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2.6.2. Electrode positioning for electrocardiogram

The method for implantation of electrocardiography (ECG) elec-
trodes was similar to that firstly described (Sgoifo et al., 1996). After
anesthesia, free endings of two electrodes previously fixed in a RJ45
phone plug were implanted: one was attached to the dorsal surface of
the xiphoid process and the other was positioned in the cranial third of
the mediastinum, behind the manubrium of the sternum, and fixed by
wire in the sternocleidomastoid muscles. Plugs were connected to
Powerlab (ADInstruments) acquisition system to record ECG R-R in-
tervals from which HR was calculated.

2.6.3. Catheterization of femoral artery and vein

After the positioning of the electrode, an unilateral incision in the
inguinal region was performed for dissection of the femoral vascular-
nervous bundle. Tygon 10 mm (2.5 cm for vein and 4 cm for artery)
connected to Tygon 50 mm (15 cm) tubes were filled with 1% hepar-
inized isotonic saline (Parinex®, Hipolabor, MG/Brazil). They were then
implanted and secured by ligaments in the femoral vein and artery.
Cannulation of the femoral artery allowed access to the abdominal
aorta for recording blood pressure (BP) and venous cannula was used
for drug injection. The free end of the cannula was sealed with a pin and
exteriorized subcutaneously into the interscapular region. After the
surgical procedure, rats received an intramuscular injection of the an-
algesic and antiinflammatory Flunixin® (1 mg/kg) (Chemitec, SP/
Brazil) and were housed in individual cages for 24 h recovery period.

2.7. Cardiovascular parameters recording

The cannula inserted into the artery was coupled to a pressure
transducer connected to an amplifier and to an analog-to-digital con-
version system for data acquisition Powerlab 4/20 (ADInstruments —
Australia). The implanted ECG electrode was connected to the
Acquisition system. Through the LabChart Pro 7.2 software, the pulsed
arterial pressure (PAP) oscillations were obtained, allowing for calcu-
lating the mean arterial pressure (MAP), and the R-R intervals of the
electrocardiogram allowed to calculate the HR.

2.8. Evaluation of cardiovascular and neuroendocrine reactivity to stress

The evaluation of the cardiovascular reactivity to stress was as
previously described (Xavier et al., 2009). The experimental model
consists of keeping the animal in an acrylic container and subjecting it
to stream of air. The air jet is directed to the rat's muzzle at a constant
volume of 10 1/min.

The experiment was performed 24 h after the surgical procedures.
The cardiovascular parameters were monitored until stabilization. The
10 min period just before starting procedures were considered as
baseline. Subsequently, the arterial blood sample (0.5 ml) was made for
posterior cortisol dosing; the same volume of isotonic saline was in-
jected to recovery of blood volume. Then, the animal was stimulated to
enter the container and a cover was placed on the back of the container
to prevent animal escaping. After 10 min of restraint, LVV-h7 or vehicle
was injected (i.v.). Following, the air pump (10 L/min) was started and
air jet was offered for 10 min. Just after the end of the air jet, new
arterial blood collection was made for subsequent dosing of cortisol (by
chemiluminescence). Isotonic saline was injected in equivalent volume
for replacement. The rat remained in the container for recovery during
the subsequent 10 min period. At the end, the container was opened,
thus allowing the animal to exit. The MAP and HR values were sampled
every 2 min, throughout the registration period.

2.9. Relative quantification of B-globin mRNA
Total RNA was obtained from brain regions (hypophysis, prefrontal

cerebral cortex, amygdala, hypothalamus and hippocampus) and bone
marrow using TRIzol™ Reagent (Invitrogen, Carlsbad, CA, USA)
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according to the manufacturer's protocol. RNAs (1 pg) were submitted
at transcriptase reverse technique with oligo (dT), by using
ThermoScript™ RT-PCR System (Invitrogen, Carlsbad, CA, USA).
Reactions were accomplished in 20 pl of buffer containing 50 mM tris
acetate (pH 8.4), 75 mM potassium acetate, 8 mM magnesium acetate,
1 mM dNTP, 5mM DTT, 40 U RNaseOUT, and 3 U ThermoScript re-
verse transcriptase at 55°C for 1h. cDNA quality was spectro-
photometrically assessed with 260,/280 wavelength; and then 1 pL each
sample was utilized to amplification in a thermal cycler (Applied
Biosystems® Veriti® 96-Well Thermal Cycler, Foster City, CA, USA). PCR
was performed in 30 pL reaction buffer containing 1.5 mM MgCl,,
0.2 mM dNTP, 1.5 U Taq DNA polymerase (Invitrogen), 0.5 uM rat [3-
globin oligonucleotides 5-ATGGCCTGAAACACTTGGACAACC-3’/5’-
TGGTGGCCCAACACAATCACAATC-3’ (forward/reverse) (GenBank
NM_033234; He et al., 2010); and 0.2 uM primers for rat GAPDH,
housekeeping gene as internal control, 5-GTGATGGGTGTGAACCAC-
GA-3’/5-ACTTGGCAGGTTTCTCCAGG-3’ (forward/reverse) (GenBank
X02231).

PCR analyses for investigation of cDNA level -globin were per-
formed in triplicate. Amplification linear stage in each sample was
reached by cycling conditions of 2 min at 94 °C, 28 cycles of 30s at
94 °C, 45 s at melting temperature and 1 min at 72 °C, and final ex-
tension for 3 min at 72 °C. Melting temperature of primers was 60 °C
and 59 °C for B-globin and internal control, respectively. DNA products
were loading onto 1.5% agarose gel stained 0.5 pg/mL ethidium bro-
mide. Electrophoretic images were obtained after gel exposition at ul-
traviolet light and photodocumented by device ImageQuant™LAS 4000
(GE Healthcare Life Science, Buckinghamshire, UK). Pictures were
scanned and optical density of bands quantified by ImageJ vesion 1.50i
(NIH, USA). Data for each tissue the mRNA level [3-globin was nor-
malized against GAPDH band signal from each respective sample.

2.10. Statistics

The results were expressed as mean *+ SEM. Unpaired Student's t-
test or Analysis of Variance (one-way) was used when appropriate
(GraphPad Prism 6.0 Software). The level of significance was fixed at
p < 0.05.

3. Results

The results obtained from the EPM are showed in Fig. 1. Compared
to vehicle, LVV-hemorphin-7 and oxytocin increased the time spent in
open arms and consequently reduced the time spent in closed arms. As
expected, diazepam also increased the time spent in open arms and
decreased the time in the closed arms (Fig. 1A and B). The risk as-
sessment, counted as the time spent in the center of the EPM, did not
differ among vehicle, LVV-h7 and oxytocin. Diazepam provoked an-
xiolytic effect and reduced the risk analysis when compared to negative
control (vehicle) (Fig. 1E).

There were no differences between diazepam and LVV-h7 in the
time spent in open and closed arms, as well as, in the number of entries
in open arms, which strongly indicates that LVV-h7 is able to provoke
anxiolysis. When compared to the vehicle treated group, LVV-h7, dia-
zepam e oxytocin significantly increased the number of entries in the
open arms (Fig. 1C). The changes observed in the number of entries and
time in the arms of the maze evoked by LVV-h7 demonstrate an an-
xiolytic effect and meet the results of the OF paradigm: the decapeptide
increased the time spent in the center and decreased in the periphery
(Fig. 2A and B), when compared to vehicle. LVV-H7 also increased the
grooming (Fig. 2F).

Intriguingly, the antagonism of oxytocin receptors by atosiban po-
tentiated the increase in the time spent in the open arms and the de-
creased in the time spent in the closed arms promoted by LVV-h7
(Fig. 1A and B), without affecting the number of entries in the open
arms (Fig. 1C). The increase in time spent at the center and the



K.R. da Cruz et al.

Time in the closed arms

Time in the open arms
250+ 250-
2004 200+ -
. *
150 &
8 » 150
< °
o c
2 ]
2 o
© 1001 3
* 1004
% *
50 #
50
o
VHE DzP LVV-h7 ATS or ATS ol
+LVV-h7 +OT VHE Dzp LVV-h7
104 104
*
8 8
1] 13
£ E .
© * L
§ 6 . 3
£ . £
2 : °
E 2
o " £ 41
£ g
& T z
2 Y2
0 0
VHE DzP LVV-h7 ATS or ATS VHE DzP LVV-h7
+LVV-h7 +OT
E Risk assessment F
100 15+
*
B
.
80
T 1
8 o 8
H =
* :
[}
@ 404 k]
i
5
20
0 0
VHE DzP LWW-h7 ATS or ATS VHE DzP LWV-h7
+LVV-h7 +OT

reduction in the time spent at the periphery of the OF promoted by
LVV-h7 were reverted by the previous treatment of atosiban (Fig. 2A
and B). These results suggest that the anxiolytic-like but not locomotion
effects promoted by LVV-h7 are independent on the activation of oxy-
tocin receptors.

The number of entries in the closed arms and the total number of
entries (entries in open and closed arms) of the EPM are indexes of
locomotion (de Rezende Pinto GMK et al., 2011), which was sig-
nificantly increased in the group treated with LVV-h7 and diazepam,
when compared to the control (Fig. 1F). These results are in agreement
with those findings of immobility time and the number of crossings
among squares of OF. Diazepam did not change the number of crossings
and immobility time in the OF. The immobility time was significantly
reduced by the treatment with LVV-h7 and by oxytocin, in comparison
with control group (Fig. 2C and D). It indicates that LVV-h7 (153 nMol/
kg) changes the locomotion of rats.

While the number of rearing was unaltered by diazepam, it was
increase in the group treated with LVV-h7 (Fig. 2E). The results from
EPM and OF demonstrate that LVV-h7 causes an increase in the
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Fig. 1. Anxiolytic-like effect evaluation in Elevated Plus
Maze (EPM). (A) Time spent in the open arms; (B) time
spent in the closed arms; (C) number of entries in the open
arms; (D) number of entries in the closed arms; (E) time

__T,_ spent in the center of the EPM (risk assessment); (F) total
entries. Control (vehicle) NaCl 0.9%, n = 9; diazepam
__*IL_ 2mg/kg, n = 6; LVV-h7 153 nMol/kg, n = 7; oxytocin
50 ug/kg, n = 10; ATS (atosiban 0.1 mg/kg) + LVV-h7
* 153 nMol/kg, n = 4; ATS (atosiban 0.1 mg/kg) + (oxy-
tocin 50 ug/kg, n =5). Results are expressed as
means = SEM. * vs vehicle;&vs LVV-h7; # vs OT
(p < 0.05).
ATS or ATS
+LVV-h7 +0T
.
&
ATS or ATS
+LVV-h7 +0T
&
-
ATS or ATS
+LVV-h7 +OT

locomotion/exploration of rats (as evidenced by the increase in the
number of entries in the closed arms and total number of entries in the
EPM, by the increase in the number of crossings, by reduction in im-
mobility time and by the increase in rearing episodes in the OF).
Atosiban reverted the increase in the number of rearing evoked by
LVV-h7 (Fig. 2E), but did not change the number of crossings (Fig. 2A).
Similarly, the reduction in the immobility time promoted by the LVV-h7
was unaffected by the co-treatment with atosiban (Fig. 2D). The
grooming was reduced in the group previously treated with atosiban
(Fig. 2F). These results suggest that only the changes in the exploration
promoted by LVV-h7 depend on the activation of oxytocin receptors.
The results of depression-like behavior are presented in Fig. 3. As
expected, the immobility time during forced swimming test was re-
duced in the group treated with the antidepressant imipramine (posi-
tive control), which was also evident in the groups injected with LVV-
h7 and oxytocin, when compared to vehicle. The reduction in im-
mobility time in the FST indicates an antidepressant-like effect evoked
by LVV-h7. Interestingly, the antagonism of OTr with atosiban (1 mg/
kg) not only reverted the response evoked by LVV-h7 FST, but also
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increased the immobility time (Fig. 3). These results demonstrate the
involvement of oxytocin receptors in the antidepressant-like effect
promoted by LVV-h7.

The evaluation of cardiovascular reactivity to acute stress exposure
demonstrated that the treatment with LVV-h7 was not able to alter the
amplitudes of pressor response (Fig. 4A) and positive chronotropism
(Fig. 4B) evoked by restraint and air jet paradigms. Moreover, acute
stress exposure increased the plasma cortisol levels, as expected.
However, the treatment with LVV-h7 did not alter the increases in
plasma cortisol levels in response to this acute emotional stress (Fig. 5).

The B-globin transcripts were found in all brain regions collected.
Relative level of transcripts showed significant differences among
samples. mRNA density was higher in bone marrow when compared
with other tissues (p < 0.001) (Fig. 6). Hypophysis presented higher
levels of (-globin mRNA when compared with cortex, amygdala, hy-
pothalamus and hippocampus (p < 0.001). B-globin relative expres-
sion in bone marrow represented a positive control of tests.
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Fig. 2. Locomotor/exploratory activities in the Open Field
(OF). (A) Time spent in the central region; (B) time spent in
& the periphery; (C) crossings; (D) immobility time; (E)
rearing; (F) grooming. Control (vehicle) NaCl 0.9%,
n = 11; diazepam 2 mg/kg, n = 7; LVV-h7 153 nMol/kg,
n = 10; oxytocin 50 ug/kg, n = 6; ATS (atosiban 0.1 mg/
kg) + LVV-h7 153 nMol/kg, n = 6; ATS (atosiban 0.1 mg/
kg) + (oxytocin 50 pg/kg, n = 7). Results expressed as
means = SEM. * vs vehicle;&vs LVV-h7; # vs OT
(p < 0.05).

ATS
+LWV-h7

or ATS

+0T

Immobility

ATS or ATS
+LVV-h7 +0T
&
ATS or ATS
+LVV-h7 +0T

4. Discussion

Our main findings, obtained in EPM and OF, indicate that LVV-h7 is
able to evoke anxiolytic-like effect and to increase locomotion/ex-
ploration. Moreover, outcomes from FST show an antidepressant-like
effect evoked by LVV-h7. Studies have shown that LVV-h7 is a specific
agonist of AT4r (Gomes et al., 2010; Nydahl et al., 2003). In vitro data
indicated that LVV-h7 binds to the AT4r receptor, competing with AT4.
In the brainstem, AT4r binding pattern was found to be identical be-
tween LVV-h7 and AT4 (Moeller et al., 1997). AT4r ligands other than
AT4 may be considerably more stable with regard to enzymatic de-
gradation (Axen et al., 2006). The AT4 receptor is classified as an IRAP
and is composed by a catalytic domain with aminopeptidases activity
(Albiston et al., 2001; Chai et al., 2004). The aminopeptidases activity
exerted by the IRAP catalytic site of AT4r (de Gasparo et al., 1995) is
capable of degrading several neuropeptides such as vasopressin and
oxytocin (Lew et al., 2003). Actions of AT4r agonists may prolong half-
life of neuropeptides, thus allowing to them achieving central AT4r



K.R. da Cruz et al.
Immobility
1204 v
1004
80+

|

204

Seconds

204
* * *
,;.;l

LVWV-h7 ATS or ATS
+LVV-h7 +OoT

VHE DzpP

Fig. 3. Immobility time during forced swimming test (FST). Control (vehicle) NaCl 0.9%,
n = 7; imipramine 15 mg/kg, n = 4; LVV-h7 153nMol/kg, n = 6; oxytocin 50 pg/kg,
n = 4; ATS (atosiban 1 mg/kg) + LVV-h7 153 nMol/kg, n = 4; ATS (atosiban 1 mg/kg)
+ (oxytocin 50 ug/kg, n = 4). Results expressed as means *= SEM. * vs vehicle; & vs
LVV-h7; # vs OT (p < 0.05).

(Vauquelin et al., 2002). In vivo study detected increases in oxytocin
concentration in the central nucleus of the amygdala following ad-
ministration of AT4 (Beyer et al., 2010). Evidences for reductions in the
catalytic/aminopeptidases activity in the presence of AT4 and LVV-h7
(De Bundel et al., 2009; Moeller et al., 1997) support the idea that the
catalysis of several molecules is inhibited during activation of AT4r. In
the light of these evidences, it is worth hypothesizing that LVV-h7
would reach its central effects by reducing the degradation of en-
dogenous peptides such as oxytocin.

Oxytocin is a nonapeptide widely known for mediating social in-
teraction (Insel and Fernald, 2004), reduce fear, anxiety (Lee et al.,
2009; McCarthy et al., 1996), depressive behavior (Lee et al., 2009;
McQuaid et al., 2014) and responses to stress (Jezova et al., 1995) in
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Fig. 5. Plasma cortisol levels before (basal) and after acute stress exposure (Air jet) of
animals injected with vehicle (control — NaCl 0.9% saline, n = 6) or LVV-h7 (153 nMol/
kg, n = 8). Results are expressed as means * SEM. * vs vehicle basal; & vs LVV-h7 basal.
(p < 0.05).

humans and experimental models (Kirsch et al., 2005; Kormos and
Gaszner, 2013). Recently, it was identified that oxytocin blocks the
effect of corticotropin-releasing hormone (CRH) on cortical cells by
releasing corticotropin-releasing-hormone-binding protein (CRHBP),
exerting an anxiolytic-like effect (Li et al., 2016). In addition, oxytocin
is known for inhibiting neurons of amygdala, which reduces fear and
anxiety behaviors (Kirsch et al., 2005). Recent study reported that an-
xiolytic-like effect exerted by oxytocin was reverted by GABA, receptor
antagonist (bicuculline) (Smith et al., 2016). Therefore, oxytocinergic
mechanisms may control behavior through different paths and targets.

It has been demonstrated that peripheral and central injections of
LVV-h7 evoke anti-hyperalgesia of at the spinal level, as revealed by
paw withdrawal test (Cheng et al., 2012). The anti-hyperalgesic effect
promoted by LVV-h7, as demonstrated by increases in latencies time
during paw withdrawal test, may depend on activation of oxytocin
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Fig. 4. Cardiovascular reactivity to acute stress trial. Panels A and C show mean arterial pressure (MAP) and heart rate (HR) variations over the course of the experiment. Panels B and D
show mean maximal changes in MAP and HR obtained during air jet stress. Control/VHE (vehicle) 0.9%, n = 6; LVV-h7 153nMol/kg, n = 8. Results expressed as means + SEM.

(p < 0.05).
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Fig. 6. Analysis of B-globin mRNA relative abundance by semi-quantitative polymerase
chain reaction in the hypophysis, prefrontal cerebral cortex, amygdala, hypothalamus,
hippocampus and bone marrow. Data represent densitometric measurement ratio be-
tween target transcript and internal control (GAPDH) obtained from electrophoretic
image of three independent experiments. Results expressed as means *= SEM.
###p < 0.001 when compared with bone marrow; ***p < 0.001 when compared with
hypophysis (one-way ANOVA followed by Tukey post hoc test).

receptor because this effect was reverted in the presence of atosiban
(Lok-Hi Chow et al., 2013). This meets the idea that the activation of
AT4r probably inhibits the oxytocinases activity and arises the LVV-h7
as promising molecule, since it probably produces behavioral effects
and interferes with central oxytocin metabolism, by concomitantly
acting upon AT4r/IRAP - as an agonist — and as an allosteric enzymatic
inhibitor.

In this study, we verified that anxiolytic-like effect promoted LVV-
h7 is independent on activation of oxytocin receptors. Such effect may
be consequence of intracellular signaling triggered by the binding of
LVV-h7 to AT4r. Agonism of AT4r increases intracellular NO and cGMP
levels (Coleman et al., 1998; Patel et al., 1998) suggesting that the NO/
GMPc/PKG pathway is involved in intracellular AT4r receptor sig-
naling. In fact, the increase in the intracellular concentration of NO is
directly proportional to cGMP levels, which activates PKG and increases
K* efflux, promoting neuronal hyperpolarization (Cunha et al., 2010;
Cury et al., 2011). It is possible that this occurs in regions composing
the limbic system, so that the agonism of AT4r by LVV-h7 would inhibit
neural pathways underlying anxiety through neuronal hyperpolariza-
tion mediated by the NO/cGMP/PKG pathway. This would allow for a
prominent anxiolytic-like effect.

AT4r activation increases intracellular Ca®* levels (Chansel et al.,
1998; Handa et al., 1999). At the level of the neuronal endings, this
boosts the release of neurotransmitters (Jackman and Regehr, 2017),
including dopamine and serotonin in regions that are part of limbic
system, substantia nigra and hippocampus. Such central regions express
AT4r (Chai et al., 2000a, 2000b; Chai et al., 2004; von Bohlen und
Halbach, 2003). Therefore, the increased release of monoamines
mediated by AT4r activation may be the mechanism through which
LVV-h7 reaches anxiolytic-like and antidepressant-like effects. In ad-
dition, LVV-h7 displays opioid activity at central level (Glamsta et al.,
1991; Gomes et al., 2010; Piot et al., 1992) and its behavioral effects
may also be related to the activation of these receptors. In fact, LVV-h7
is known as an p-opioid agonist (Gomes et al., 2010; Piot et al., 1992).
Preclinical and clinical studies found that agonists of opioid receptors
promoted anxiolysis and antidepressant effects (Nummenmaa and
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Tuominen, 2017). Therefore, the activation of opioid receptors, espe-
cially the p-opioid subtype, may be an additional mechanism involved
in the effects evoked by LVV-h7.

In vitro studies have shown that LVV-h7 is highly stable in plasma
and in human tissues (Lantz et al., 1991; Sanderson et al., 1996). It has
been showed that LVV-h7 is able to potentiate bradykinin effects by
10 min following its intravenous injection (Ianzer et al., 2006). Ad-
ditionally, it has been demonstrated in spontaneously hypertensive rats
that the effects of LVV-h7 are long lasting, found up to 180 min after its
intraperitoneal injection (Cejka et al., 2004). As previously stated, LVV-
h7 is also an ACE inhibitor (Fruitier-Arnaudin et al., 2002; Lantz et al.,
1991; Zhao et al., 1994). Inhibition of conversion of angiotensin I to
angiotensin II favors the formation of angiotensin 1-7 through the in-
creased availability of substrates for ACE2 (Donoghue et al., 2000;
Vickers et al., 2002) and reduces angiotensin 1-7 catalysis by the N-
terminus site of the ACE (Danielle Gomes Passos-Silva and R.A.S.S.,
2015). Angiotensins modify behavior by reducing anxiety and depres-
sion (Bild and Ciobica, 2013; Kangussu et al., 2013; Kangussu et al.,
2017; Moura Santos et al., 2017). Similarly, ACE inhibition with cap-
topril promoted anxiolysis (Costall et al., 1990). Thus, another hy-
pothesis to be confirmed is that LVV-h7 reduces anxiety and depression
behaviors by inhibiting ACE or through other angiotensinergic me-
chanisms.

Current data shows that the OTr is involved in the antidepressant-
like effect and also in the changes in the exploration promoted by LVV-
h7. Oxytocin receptors are metabotropic receptors coupled to the Gq
protein (Strakova and Soloff, 1997), which activates the phospholipase
C pathway within the cell and triggers increases in the levels of in-
tracellular Ca* 2 (Kimura et al., 1994). Intracellular calcium, in turn,
activates the enzyme nitric oxide synthase, raising NO levels by Ca* %
calmodulin complex (Nathan and Xie, 1994). Consequently, NO
pathway signaling, including increased GMPc and activation of PKG
(Cunha et al., 2010; Cury et al., 2011) would promote an inhibitory
postsynaptic potential, due to hyperpolarization evoked by the opening
of K* channels at neuronal membrane. In this regard, through the ac-
tivation of oxytocin receptors due to the possible increase in the central
levels of oxytocin, LVV-h7 could inhibit the activity of neurons involved
in depression-like behavior and locomotion drive.

Brain regions processing cognitive functions and memory forma-
tion, likely known for their notorious cholinergic activity, are able to
express receptors belonging to IRAP class (Chai et al., 2000a, 2000b;
Chai et al., 2004; von Bohlen und Halbach, 2003). Previous investiga-
tion showed that LVV-h7 and AT4 evoke a considerable potentiation of
cholinergic activity in the hippocampus of rats, which is reached
through activation of AT4r (Lee et al., 2001). Although acetylcholine
release in the hippocampus is involved in learning, memory and other
central processes (Hasselmo, 2006), exact OTr-independent mechan-
isms exerted by LVV-h7 to reach behavioral effects remains uncovered.

Recently, it was proposed that non-classical neuropeptides derive
from intracellular proteins that are degraded by proteases. Although
their releasing mechanisms have not yet been fully elucidated, these
neuropeptides bind to membrane receptors and/or other cellular targets
(Gelman and Fricker, 2010). Targets for non-classical neuropeptides
may coincide with those linked to the activity of non-classical neuro-
transmitters [for a detailed review, please see (Gelman and Fricker,
2010)]. Following on from this proposition, hemorphins — including
LVV-h7 — may fit within Gelman and Fricker's concept as non-classical
neuropeptides (Gelman and Fricker, 2010) since they result from the
degradation of 3-globin chains of hemoglobin by cytosolic proteases.
The expression of mRNA encoding the hemoglobin chains has been
described in brain homogenate, primary culture of neurons and in the
amygdala (Beyer et al., 2010; He et al., 2010; Richter et al., 2009). In
our study, mRNA encoding p-globin was found in hypophysis, medial
prefrontal cortex, amygdala, hippocampus and hypothalamus that are
brain areas well known for controlling physiological responses to
aversion and defensive behaviors (Fontes et al., 2011; Fontes et al.,
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2014). Considering that -globin can be expressed in these brain re-
gions, it is not unlike to propose that globin fragments, as LVV-h7, may
play a role in the control of several centrally mediated functions. Un-
doubtedly, however, peculiarities on the synthesis and expression of
these peptides and their precursors still need to be deepened, with
special regard to the central areas involved in the behavioral organi-
zation.

The pressor effects, positive chronotropism and the increases in
cortisol levels by stress were not altered by treatment with LVV-h7. In
spite to the evidences that the effects promoted by the LVV-h7 would
result from the increased bioavailability of oxytocin, which so far
supports the mechanistic hypothesis of our behavioral findings (in-
activation of AT4r/IRAP aminopeptidases activity by LVV-h7), we
suggest that stress-evoked cardiovascular and neuroendocrine re-
sponses predominated over the inhibitory effects promoted by oxytocin.
The studies that assessed cardiovascular effects are quite controversial,
used different rat strains and different experimental conditions (Cejka
et al., 2004; Moisan et al., 1998; Yang et al., 2008). The activation of
oxytocin receptors at central levels is known for improving the sensi-
tivity of baroreflex at rest (Lozic et al., 2014). However, during stress,
the responses controlled by baroreflex are different: concomitant in-
creases in blood pressure and heart rate are found (Dampney, 2004;
Dampney et al., 2002; Fontes et al., 2014). So, the way that OT re-
ceptors contribute to the control of cardiovascular system at rest and
during stress may differ.

Previous reports showed different results on the involvement of OT
paths in the neuroendocrine control. For example, it was showed that
the concentrations of ACTH and corticosterone, hallmarks of stress,
were not influenced by atosiban treatment (Babic et al., 2015). In this
study, we demonstrated that part of the behavioral effects promoted by
LVV-h7 are not mediated by oxytocin receptors. Therefore, it is possible
that LVV-h7 may have targets other than AT4r, such as opioid receptors
and ACE. It is possible that the levels of LVV-h7 that act through AT4r/
IRAP are not being able to reduce the degradation of central OT in an
amplitude enough to inhibit cardiovascular and neuroendocrine re-
sponses to stress. Also, different from the models reported in the lit-
erature, airjet stress might be a maximal stimulus, so that LVV-h7
would not influence the range of these responses. The increases in
oxytocin levels, likely described for reducing blood pressure, tachy-
cardia and baroreceptor reflex modulation (Vela et al., 2010; Wsol
et al., 2009), would be insufficient to suppress the activity of cardio-
vascular and neuroendocrine pathways recruited by the stress model
that we chose in the present study. Although studies have shown an
overlapping among central pathways governing behavioral, neu-
roendocrine and cardiovascular responses to stress, anxiety and arousal
(Pacak, 2000; van den Buuse et al., 2001), current findings show that
LVV-h7 is able to modify behavior, and this response is, at least in part,
dependent on oxytocin receptors.

We conclude that LVV-h7, a bioactive peptide derived from the -
globin chain of hemoglobin, modifies the behavior of rats. It was no-
ticeable that both anti-depressant effect and increased locomotion/ex-
ploration evoked by LVV-h7 are dependent on the activation of oxy-
tocin receptors, probably resulting from changes in oxytocinase activity
of AT4r. In contrast, anxiolytic-like effects promoted by LVV-h7 are
achieved through mechanisms other than those OTr-dependents.
Despite LVV-h7-AT4r-OTr axis represent a promising pathway to in-
terfere with behavior; future experiments are needed to uncover the
additional (non-oxytocinergic) mechanisms involved in the central ef-
fects of LVV-h7.
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ARTICLE INFO ABSTRACT

Keywords: LVV-hemorphin-6 (LVV-h6) is bioactive peptide and is a product of the degradation of hemoglobin. Since LVV-
LVV-h6 h6 effects are possibly mediated by opioid or AT4/IRAP receptors, we hypothesized that LVV-h6 would modify
Hemoglobin behavior. We evaluated whether LVV-h6 affects: i) anxiety-like behavior and locomotion; ii) depression-like
Hef"‘_’mhi“ behavior; iii) cardiovascular and neuroendocrine reactivity to emotional stress. Male Wistar rats ( = 300 g)
gglzdcm received LVV-h6 (153 nmol/kg i.p.) or vehicle (NaCl 0.9% i.p.). We used: i) open field (OF) test for locomotion;
Aniiety ii) elevated plus maze (EPM) for anxiety-like behavior; iii) forced swimming test (FST) for depression-like be-
Depression havior and iv) air jet for cardiovascular and neuroendocrine reactivity to stress. Diazepam (2 mg/kg i.p.) and

imipramine (15 mg/kg i.p.) were used as positive control for EPM and FST, respectively. To evaluate the LVV-h6
mechanisms, we used: the antagonist of oxytocin (OT) receptors (atosiban — ATS 1 and 0.1 mg/kg i.p.); the
inhibitor of tyrosine hydroxylase (Alpha-methyl-p-tyrosine — AMPT 200 mg/kg i.p.) to investigate the involve-
ment of catecholaminergic paths; and the antagonist of opioid receptors (naltrexone — NTX 0.3 mg/kg s.c.). We
found that LVV-h6: i) evoked anxiolytic-like effect; ii) evoked antidepressant-like effect in the FST; and iii) did
not change the locomotion, neuroendocrine and cardiovascular responses to stress. The LVV-h6 anxiolytic-like
effect was not reverted by ATS and AMPT. However, the antidepressant effects were reverted only by NTX.
Hence, our findings demonstrate that LVV-h6 modulates anxiety-like behavior by routes that are not oxytoci-
nergic, catecholaminergic or opioid. The antidepressant-like effects of LVV-h6 rely on opioid pathways.

Emotional stress

1. Introduction primary structure between the deca- and the nonapeptide, LVV-h6 lacks

a phenylalanine in the C-terminus position [38]. The decapeptide (LVV-

LVV-hemorphine-6 (LVV-h6) is a nonapeptide corresponding to the
32-40 fragment of the (3-globin (Leu-Val-Val-Tyr-Pro-Trp-Thr-Gln-Arg)
that results from the action of chymotrypsin-like enzymes [37]. LVV-h6
was isolated and identified in the pituitary gland [37], lung and heart of
healthy humans [90]. Interestingly, LVV-h6 levels are elevated in the
brain of patients with Alzheimer's disease [1]. The binding of LVV-h6 to
p- and o-opioid receptors results in significant analgesic actions [37]. It
was also found that LVV-h6 is able to inhibit angiotensin converting
enzyme (ACE) activity [49], which suggests a role in the cardiovascular
homeostasis.

Recently, we showed that LVV-h7, a decapeptide corresponding to
the fragment 32-41 of B-globin human (Leu-Val-Val-Tyr-Pro-Trp-Thr-
Gln-Arg-Phe), promoted anxiolytic-like and antidepressant-like effects
[27]. Although there is a noticeable similarity when comparing the

h7) is an agonist of angiotensin IV (Ang IV) receptor (AT4), a receptor
with a catalytic domain that belongs to the class of insulin-regulated
aminopeptidases (IRAP), capable of degrading several molecules, in-
cluding oxytocin (OT) [11,41,53,58,83]. The activation of AT4/IRAP
by the agonists Ang IV and LVV-h7 could inhibit the catalytic domain
and reduce the oxytocinase activity [11,6061].

AT4/IRAP is expressed in brain regions such as the prefrontal, in-
sular and entorhinal cortices, substantia nigra, hypothalamus and
amygdala [22,39], dorsal root ganglia and spinal cord, with greater
ventricular expression [23]. In the human brain, the AT4/IRAP was
found in Meynert basal nuclei, in the hippocampus and neocortex [21].
Therefore, it is possible that LVV-h6 and LVV-h7 play a role in the
control of several physiological functions, probably reaching central
AT4/IRAP and other targets to exert analgesic [38] and behavioral
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effects [27]. Recently, we reported that the behavioral effects evoked
by LVV-h7 depend on oxytocin receptors (OTr). This result suggests that
the agonism of central AT4/IRAP by LVV-h7 increases OTr activation,
probably resulting from increases central OT levels [27].

Studies have revealed Ang IV as a competitive inhibitor of IRAP,
since it binds to this receptor and modifies the catalytic activity [53]. A
synthetic analog of LVV-h7 without the amino acid Valine at position 3
(desVal3-LVV-h7) was unable to interact with the receptor/enzyme.
These findings demonstrated that: i) N-terminal portion of LVV-h7 in-
teracts with AT4/IRAP; ii) valine is crucial for the effects of LVV-h7
[52]. A synthetic peptide with the last four amino acid residues (Thr-
Gln-Arg-Phe) from the C-terminal portion of LVV-h7 did not modify the
binding affinity of the decapeptide for IRAP [52]. In addition, mod-
ifications at the terminal C-8 terminus did not promote significant
changes in the Ang IV affinity for AT4/IRAP [72]. Val-Tyr-Pro-Trp-Thr
is the minimum sequence required to display a suitable affinity for IRAP
[52], which is comprised in both LVV-h6 and LVV-h7. Since LVV-h7
evokes behavioral effects that are related to the agonism of central
AT4/IRAP, as consequence, such effects are partially dependent on OTr
[27]1, we hypothesized that LVV-h6 would evoke behavioral effects
potentially mediated by opioid receptors or by AT4/IRAP. Considering
that both LVV-h6 and LVV-h7 have the minimal amino acid residue
sequence required for presenting high affinity to AT4/IRAP, the main
aim of this study was to test whether LVV-h6 would affect: i) anxiety-
like behavior and locomotion/exploration; ii) depression-like behavior;
iii) cardiovascular and neuroendocrine reactivity to acute emotional
stress. We also checked whether LVV-h6 effects would be similar to
those reported for LVV-h7 [27], mediated by OTr activation that result
from reductions in oxytocin degradation by an allosteric inhibition
upon AT4/IRAP catalytic domain [83]. These possible effects would
rely on: i) opioid pathway, since LVV-h6 presents affinity for the opioid
receptors [3738]; ii) catecholaminergic pathway, in regards to their
modulatory effects upon behavior [5].

2. Material and methods
2.1. Animals

Experiments were conducted in adult male Wistar rats ( + 300 g).
Procedures involving animals were in agreement with Gilles et al. [36]
and with standards for animals use after approval by animal ethics
committee of Federal University of Goids, Brazil (Protocol 090/14).
Animals were housed in individual cages (47 cmx 31 cm x 16 cm), in
acclimatized rooms (temperature 22-24 °C) with light/dark cycle of 12/
12 h and water and food open access (ad libitum).

2.2. Drugs and reagents

Diazepam (Sigma, St. Louis MO, USA) (2 mg/kg), known for pro-
ducing anxiolysis, was used as positive control in the elevated plus
maze (EPM) [19]. Imipramine (Sigma, St. Louis MO, USA) (15 mg/kg)
was the antidepressant used as positive control in the forced swimming
tests (FST) [67]. The vehicle chosen was NaCl (0.9%). The dose of
choice (153 nMol) for LVV-h6 (GenOne, Brazil) was based in our pre-
vious study [27]. The involvement of oxytocinergic pathway was
checked by using the antagonist Atosiban (ATS) (Tractocile® - Ferring
Pharmaceutics, Switzerland) at dose of 1 mg/kg during FST [55] and of
0.1 mg/kg during EPM and open field (OF) tests. The inhibitor of tyr-
osine hydroxylase enzyme, Alpha-methyl-p-tyrosine (AMPT - (Sigma,
St. Louis MO, USA) was used at dose 200 mg/kg [92] to check the in-
volvement of catecholaminergic pathways. The antagonist of opioid
receptors, naltrexone (NTX) was used at dose of 0.3 mg/kg (s.c.) [34] to
evaluate the participation of opioid pathway in the LVV-h6 effects.
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2.3. Elevated plus maze

This protocol was performed as described by Pinheiro and cow-
orkers [65]. The Elevated Plus Maze (EPM) device is elevated 50 cm
above the ground and has two open arms (50 X 10 cm) without side-
walls, perpendicular to two closed arms of the same dimension. Closed
arms are surrounded by sidewalls of 40 cm high. A small border (1 cm)
surrounds the open arms. Animals received i.p. injections of LVV-h6
(see supplementary Fig. 1A), vehicle (negative control - 0.9% NacCl) or
diazepam (positive control — 2mg/kg). EPM assessments were per-
formed 30 min after drug administration. To evaluate the involvement
of oxytocinergic pathway, ATS was injected 1 h before LVV-h6 or ve-
hicle. To evaluate the involvement of catecholaminergic pathway,
AMPT was injected 1 h before LVV-h6 or vehicle (see supplementary
Fig. 1B). To investigate the involvement of opioid pathway, NTX was
injected (s.c.) 10 min before LVV-h6 or vehicle (see supplementary
Fig. 1C). Animals were placed individually on the central platform of
the maze (with the head directed towards one of the closed arms) and
were free to explore the apparatus for a 5min. The experiments were
recorded for later analyses. We assessed the time spent and the number
of entries in the open arms, in the closed arms and in the center of the
EPM. Between trials, the EPM was cleaned with ethanol (10%) to avoid
that olfactory clues from one experiment would interfere with the
subsequent test.

2.4. Locomotor/exploratory activity

To evaluate locomotor and exploratory activities we used the
method described by Moreira et al. [62]. Animals were placed in-
dividually in a round open field (OF) [44] immediately after exploring
the EPM (see Supplementary Fig. 1). The OF is divided into quadrants
with identical areas (356 cm?). The rats were placed in the center of the
OF and were free to explore the apparatus for 5min. A video camera
was fixed above the field to record behavior throughout the experiment.
At the end, the recorded files were analyzed. We assessed the number of
crossing, grooming and rearing episodes. We also counted the im-
mobility time and the time spent at center and at the periphery of OF.
After each session (EPM-OF), animal returned to its home cage and the
field was cleaned with ethanol (10%) to prevent olfactory clues inter-
ference.

2.5. Forced swimming test

This protocol was adapted from the model originally proposed by
Porsolt et al. [68]. In rats, previous exposure to forced swim is required
to reveal antidepressant-like activity [76]. The protocol took two con-
secutive days (see Supplementary Fig. 2). On the first day (pre-test), the
rats were placed inside a PVC cylinder (Polyvinyl Chloride), 24 cm in
diameter by 60 cm in height, filled by a water column of 42cm in
height, at 25 * 1°C, for 15min and remained in a drying period
during the next 15min. Subsequently, animals received injections
(0.1 mL) of drugs or vehicle (NaCl 0.9% i.p.; Imipramine 15 mg/kg i.p.;
LVV-h6 153 nMol/kg i.p.) 24h before the test (see Supplementary
Fig. 2). Following the test, animals were returned to their home cage.
Cylinders were cleaned with ethanol (10%) to prevent olfactory clues
interference.

On the second day (test), animals received second injections of ve-
hicle or LVVh6 at 5h and the third injection at 1 h before the test (see
Supplementary Fig. 2). ATS (0.1 mg/kg i.p.) and AMPT (200 mg/kg i.p.)
were injected 1 h before the third injection of vehicle (i.p.) or LVV-h6
(i.p.) (see Supplementary Fig. 2B). NTX (0.3 mg/kg s.c.) was injected at
10 min before [34] the third injection of vehicle (i.p.) or LVV-h6 (i.p.)
(see Supplementary Fig. 2C). During the test, rats underwent forced
swim for 6 min, which was recorded for later analyses (see Supple-
mentary Fig. 2). The immobility time was taken from the last 4 min of
the FST [67].
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2.6. Surgical procedures

2.6.1. Anesthesia

For surgical procedures, rats were anesthetized with 2,2,2-tri-
bromoethanol (Sigma-Aldrich, USA) at a dose of 250mg/kg (i.p.).
Supplements were given at lower dose (50 mg/kg i.p.) during the sur-
gery, when necessary to keep the anesthetic depth, as previously de-
scribed [27].

2.6.2. Electrode positioning for electrocardiogram

The method for implantation of electrocardiography (ECG) elec-
trodes was similar to that firstly described by Sgoifo [75]. After an-
esthesia, free endings of two electrodes previously fixed in a RJ45
phone plug were implanted: one was attached to the dorsal surface of
the xiphoid process and other was positioned in the cranial third of the
mediastinum, posterior to the manubrium of the sternum, and fixed by
moorings in the sternocleidomastoid muscles. Plugs were connected to
Powerlab (ADInstruments) acquisition system to record ECG R-R in-
tervals from which the heart rate (HR) was calculated.

2.6.3. Catheterization of femoral artery and vein

After the positioning of the electrode, a unilateral incision in the
inguinal region was performed for dissection of the femoral vascular-
nervous bundle. Tygon 10 mm (2.5 cm for vein and 4 cm for artery)
connected to Tygon 50 mm (15 cm) tubes were filled with 1% hepar-
inized isotonic saline (Parinex®, Hipolabor, MG / Brazil). They were
then implanted in the femoral vein and artery and fixed by surgical
sutures. Cannulation of the femoral artery allowed for recording pres-
sure from abdominal aorta and a venous cannula was used for drug
injection. The free end of the cannula was sealed with a metal pin and
exteriorized subcutaneously into the interscapular region. After the
surgical procedure, rats received intramuscular injection of the an-
algesic and anti-inflammatory Flunixin® (1 mg/kg) (Chemitec, SP /
Brazil) and were housed in individual cages for 24 h recovery period.

2.7. Cardiovascular parameters recording

The cannula inserted into the artery was coupled to a pressure
transducer, connected to an amplifier and to an analog-to-digital con-
version system for data acquisition Power lab 4/20 (AD Instruments —
Australia). The implanted ECG electrode was connected to the
Acquisition system. Through the Lab Chart Pro 7.2 software, the pulsed
arterial pressure (PAP) oscillations were obtained, which allowed for
calculating the mean arterial pressure (MAP). Heart rate (HR) was
calculated from R-R intervals of the electrocardiogram.

2.8. Evaluation of cardiovascular and neuroendocrine reactivity to stress

The evaluation of the cardiovascular reactivity to stress was as
previously described [89] (see Supplementary Fig. 3). The experimental
model consists of keeping the animal in an acrylic container and sub-
jecting it to stream of air. The air jet was directed to the rat’s muzzle at
a constant volume of 10 L/min.

The experiment was performed 24 h after the surgical procedures.
The cardiovascular parameters were monitored until stabilization. The
last 10 min before starting procedures were considered as baseline.
Subsequently, the arterial blood sample (0.5 ml) was made for posterior
corticosterone dosing (by chemiluminescence method); The blood
withdrawn was replaced by an equivalent volume of isotonic saline.
Then, the animal was stimulated to enter the container and a cover was
placed on the back of the container to prevent the animal from es-
caping. After 10 min of restraint, LVV-h6 or vehicle was injected (i.v.).
Following, the air pump (10 L/min) was started and air jet was offered
for 10 min. Just after the end of the air jet, another blood sample was
withdrawn for later evaluation of corticosterone levels. Isotonic saline
was injected in equivalent volume for replacement. The rat remained in
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the container for additional 10 min. At the end, the container was
opened, thus allowing the animal to exit. The MAP and HR values were
sampled every 2 min, throughout registration period.

2.9. Statistics

The results were expresses as mean = SEM. Analyses of variance
with Tukey post hoc test were applied (Graph Pad Prism 6.0 Software).
Neuroendocrine reactivity to stress (basal vs. air jet within same group)
was analyzed by paired Student t-test Comparisons of the maximal
changes in corticosterone levels and in cardiovascular reactivity to
stress between control and LVV-h6 were done by using unpaired
Student t-test The level of significance was fixed at p < 0.05.

3. Results
3.1. Anxiolytic-like effect and locomotor/exploratory activities

Compared to vehicle, LVV-hemorphin-6 increased the time and the
number of entries in the open arms and reduced the time spent in closed
arms of the maze. As expected, diazepam (positive control) also in-
creased the time spent and the number of entries in the open arms and
decreased the time in the closed arms (Fig. 1A, C and B).

The time spent in the center of the EPM, did not differ among ve-
hicle and LVV-h6, whereas it was reduced by diazepam when compared
to negative control (vehicle) (Fig. 1E). These results indicate that LVV-
h6 is able to evoke anxiolytic-like effects and agree with those from the
OF: LVV-h6 increased the time spent in the center and did not change
the time in the periphery (Fig. 2A and B), when compared to vehicle.

The number of entries in the closed arms and the total number of
entries (entries in open and closed arms) of the EPM indicate locomo-
tion [88], which did not differ between LVV-h6 and vehicle (Fig. 1D
and F). These results meet the number of crossings episodes from the OF
(Fig. 2C). Diazepam did not change the number of crossings and im-
mobility time in the OF (Fig. 2C and D). LVV-h6 did not evoke any
grooming effect when compared to vehicle (Fig. 2F). The immobility
time and the number of rearing did not change significantly by the
treatment with LVV-h6 in comparison with control group (Fig. 2D and
E). This indicates that LVV-h6 does not change the locomotion/ex-
ploration of rats.

3.1.1. Evaluation of oxytocinergic pathway involvement in the anxiolytic-
like effects evoked by LVV-h6

The evaluation of the anxiolytic-like effect provoked by LVV-h6 and
its relationship with the activity of OTr are shown in Figs. 1 (EPM) and
2 (OF). The antagonism of OTr with ATS (0.1 mg/kg) was not able to
revert the response evoked by LVV-h6 in the: i) EPM parameters — time
spent and number of entries in the open arms (Fig. 1A and C) and time
in the closed arms (Fig. 1B); ii) OF parameters - time in the central
region (Fig. 2A). Altogether, these outcomes from EPM and OF indicate
that the anxiolytic-like effect promoted by LVV-h6 does not rely on OTr.
The time spent in the center of the EPM did not differ between vehicle
and LVV-h6, but it was increased when the OTr were blocked with ATS
in animals injected with LVV-h6 (Fig. 1E).

The antagonism of OTr with ATS did not change the response
evoked by LVV-h6 in the number of entries in the closed arms and in the
number of total entries in the EPM (Fig. 1D e F). In the OF, crossings,
rearing and the grooming episodes were unaffected by LVV-h6, and in
the group treated previously with ATS, there was no significant dif-
ference (Figs. 1D, F, 2 C, E and F). Interestingly, ATS potentiated the
reduction in the immobility time in the OF evoked by LVV-h6 (Fig. 2D).
These results suggest that LVV-h6 does not change the locomotion/
exploration of rats and, in general, this response did not change with
the antagonism of OTr.
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Fig. 1. Anxiolytic-like effect evaluation in Elevated Plus Maze (EPM). (A) Time spent in the open arms; (B) time spent in the closed arms; (C) number of entries in the
open arms; (D) number of entries in the closed arms; (E) time spent in the center of the EPM; (F) total entries; Control (vehicle) NaCl 0.9%; diazepam 2 mg/kg; LVV-
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vehicle); NTX (0.3 mg/kg) + LVV-h6 153 nMol/kg; NTX (0.3 mg/kg) + vehicle). n = 5-12. Results are expressed as means + SEM. * vs vehicle; # ys. LVV-h6 +
vehicle; * vs. AMPT + vehicle; * vs. NTX + vehicle. (p < 0.05). ATS, atosiban; AMPT, Alpha-methyl-p-tyrosine; NTX naltrexone.
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3.1.2. Evaluation of -catecholaminergic pathway involvement in the
anxiolytic-like effect evoked by LVV-h6

The effects provoked by LVV-h6 and its relationship with catecho-
laminergic pathways are showed in Figs. 1 (EPM) and 2 (OF). The in-
hibition of catecholaminergic biosynthetic pathways by alpha-methyl-
p-tyrosine (AMPT, 200 mg/kg) potentiated the increases in the time
spent in the open arms and the decreased the time in the closed arms of
EPM (Fig. 1A and B). AMPT did not change the response promoted by
LVV-h6 in the number of entries in the open arms of the maze (Fig. 1C)
and in the time spent in the center of the OF (Fig. 2A). These results
indicate that the catecholaminergic pathways is not responsible for the
anxiolytic-like effect promoted by LVV-h6, but somehow it is able of
potentiate this effect. The time spent in the center of the EPM was not
changed by LVV-h6 and this response was not altered by the inhibition
of catecholaminergic biosynthetic pathway with AMPT (Fig. 1E).

AMPT did not change the responses evoked by LVV-h6 in the
number of entries in the closed arms and in the total number of entries
in the EPM (Fig. 1D and F). Crossing episodes and the immobility time
in the OF were not changed by the previous administration of AMPT
(Fig. 2C and D). Interestingly, the catecholaminergic depletion by
AMPT reduced the response evoked by LVV-h6 in the number of
grooming episodes. Such reductions reached values below those found
following vehicle injections (Fig. 2F). The inhibition of catecholamine
synthesis by AMPT did not change the rearing episodes evoked by LVV-
h6 (Fig. 2E). LVV-h6 does not change the locomotion/exploration of
rats and this response was not modified by AMPT.

3.1.3. Evaluation of opioid pathway involvement in the anxiolytic-like effect
evoked by LVV-h6

Since the anxiolytic-like effects caused by LVV-h6 do not seem to
rely on oxytocin and catecholaminergic pathways, we decided to in-
vestigate whether the opioid pathways are involved. By keeping in
mind that LVV-h6 is an agonist of p-opioid receptors [37], the findings
obtained by testing this hypothesis are demonstrated in Figs. 1 (EPM)
and 2 (OF). The blockade of opioid receptors with NTX (0.3 mg/kg s.c.)
potentiated the increases in the time spent and the number of entries in
the open arms (Fig. 1A and C, respectively) and potentiated the de-
creased in the time spent in the closed arms of the maze (Fig. 1B). NTX
did not alter the range of the changes in the time spent at center and at
periphery of the OF (Fig. 2A and B). The previous injection of NTX did
not modify the time spent in the center that was evoked by LVV-h6 in
the EPM (Fig. 1E). These results indicate that opioid pathways are not
involved in the anxiolytic-like effect promoted by LVV-h6.

The antagonism of opioid receptors did not change the response
evoked by LVV-h6 in the number of entries in the closed arms and the
total number of entries in the EPM (Fig. 1D e F). The crossing and the
grooming episodes in the OF did not differ between vehicle and LVV-h6.
While the crossing was increased, grooming episodes and the im-
mobility time were reduced by the cotreatment with NTX, (Fig. 2C, D
and F). Additionally, the changes in the number of crossing episodes
and the immobility time in the OF seem to be a direct effect of NTX, as
seen in the group treated with NTX and vehicle (Fig. 2C). NTX did not
modify the rearing episodes evoked by LVV-h6 (Fig. 2E). These results
suggest that LVV-h6 does not affect the locomotion/exploration of rats
and this response was not changed by NTX.

3.2. Antidepressant-like effect evoked by LVV-h6

The results of depression-like behavior are presented in Fig. 3. As
expected, the immobility time during forced swimming test was re-
duced in the group treated with the antidepressant imipramine (posi-
tive control), which was also seen in the group injected with LVVh6,
when compared to vehicle. The reduction in immobility time in the FST
indicates that LVVh6 evoked an antidepressant-like effect.
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Fig. 3. Immobility time during forced swimming test (FST). Control (vehicle)
NaCl 0.9%; imipramine 15mg/kg; LVV-h6 153nMol/kg; ATS (1 mg/kg) +
vehicle; ATS (1 mg/kg) + LVV-h6 153 nMol/kg); AMPT (200 mg/kg) + ve-
hicle; AMPT (200 mg/kg) + LVV-h6 153 nMol/kg; NTX (0.3 mg/kg) + vehicle;
NTX (0.3mg/kg) + LVV-h6 153 nMol/kg. n = 4-11 Results expressed as
means + SEM. * vs vehicle; # vs LVV-h6 + vehicle; & vs. AMPT + vehicle; *
vs. NTX + vehicle. (p < 0.05). ATS, atosiban; AMPT, Alpha-methyl-p-tyrosine;
NTX naltrexone.
3.2.1. Evaluation of oxytocinergic pathway involvement in the
antidepressant-like effect evoked by LVV-h6

The antagonism of OTr with ATS did not modify the amplitude of
the responses evoked by LVV-h6 in the immobility time during FST
(Fig. 3). Therefore, this result demonstrate that the OTr are not in-
volved in the antidepressant-like effect promoted by LVV-h6.

3.2.2. Evaluation of catecholaminergic pathway involvement in the
antidepressant-like effect evoked by LVV-h6

The catecholaminergic depletion by inhibiting tyrosine hydro-
xylases enzyme with AMPT did not change the antidepressant-like ef-
fects (reduction in the immobility time in the FST) evoked by LVV-h6
(Fig. 3). These results indicate that antidepressant-like effect promoted
by LVV-h6 is independent of the catecholaminergic pathway.

3.2.3. Evaluation of opioid pathway involvement in the antidepressant-like
effect evoked by LVV-h6

In spite of an apparent direct effect of NTX (NTX + vehicle) upon
depression-like behavior, the antidepressant-like effect promoted by
LVV-h6 was reverted by blockade of opioids receptors with NTX
(Fig. 3). These results indicate that antidepressant-like effect promoted
by LVV-h6 depends somehow on opioid receptors.

3.3. Cardiovascular reactivity and neuroendocrine responses to acute stress
exposure

The magnitude of the pressor (Fig. 4A and B) and of the positive
chronotropic (Fig. 4C and D) responses evoked by restraint and air jet
stresses were not changed by the previous treatment with LVV-h6. Also,
the amplitude of the increases in corticosterone levels (Fig. 4E) evoked
by acute stress exposure was not altered by LVV-h6.

4. Discussion

Our main findings from the EPM and OF indicate that LVV-h6
evokes anxiolytic-like, while outcomes from FST showed an anti-
depressant-like effect of this peptide. The structure of this nonapeptide
is very similar to another hemoglobin-derived peptide, LVV-h7, which
also exerts anxiolytic and antidepressant effects. We recently reported
that these behavioral effects evoked by LVV-h7 rely on OTr [27], pre-
sumably as result of inhibition of AT4/IRAP catalytic site
[11,41,53,58,83]. The inhibition of this catalysis occurs while LVV-h7
binds to AT4/IRAP [53,606,1]. Therefore, it is likely that LVV-h6 would
also modulate anxiety and depression behaviors through AT4-OTr axis,
by inhibiting the catalytic activity of AT4 upon oxytocin. In view of the
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Fig. 4. Cardiovascular and neuroendocrine reactivity to acute stress emotional. Panels A and C show mean arterial pressure (MAP) and heart rate (HR) variations
over the course of the experiment. Panels B and D show mean maximal changes in MAP and HR obtained during air jet stress. Panel E show plasma corticosterone
levels before (basal) and after acute stress exposure (Air jet) of animals injected with vehicle (control — NaCl 0.9%, n = 6) or LVV-h6 (153 nMol/ kg, n = 4). Results
are expressed as means + SEM. * vs. vehicle basal; # vs. LVV-h6 basal. (p < 0.05).

structural similarity with LVV-h7 [38], current results on the con-
tribution of AT4-OTr axis to the effects of LVV-h6 suggest that the
nonapeptide may be able to exhibit a degree of inhibition upon oxy-
tocinase activity of AT4/IRAP, probably increasing the bioavailability
of central oxytocin.

Oxytocin is released from the hypothalamic-hypophyseal axis (HPA)
also in response to physical and emotional stresses [71] and is an im-
portant player during different pro-social behaviors and positive emo-
tions such as empathy, trust and others. Neurobiological aspects
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underlying these behaviors are a complex puzzle and involve oxytoci-
nergic and monoaminergic systems [28,80,87]. OTr are found in areas
controlling behaviors [47] and reduces fear and anxiety [44,59]. Be-
sides reducing the consolidation of traumatic memories [24], decreases
depressive-like behavior [84] and stress-induced responses, oxytocin
also inhibits HPA activity [59,87] and recruits a negative feedback loop
on HPA axis, which reduces the levels of corticotrophin releasing hor-
mone by activating gabaergic sources and GABA, receptors in para-
ventricular hypothalamus [59]. In spite of the ample evidences that
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oxytocinergic pathways may suppress HPA, in this study LVV-h6 did
not alter the range of the neuroendocrine reactivity to acute emotional
stress. The hypothesis then arisen is that this nonapeptide may preserve
the ability of settling neuroendocrine responses evoked by acute stress.
In clinical studies, an increase in basal levels of oxytocin was reported
in men and women diagnosed with depression, as a possible compen-
satory mechanism that reduces the symptoms by modulating the ne-
gative emotional and cognitive components of depression and anxiety
[59]. In addition, treatment with selective inhibitors of serotonin (5-
HT) reuptake were able to increase plasma oxytocin [7,30,74,84]. It
suggests that 5-HT increases within the synaptic clefts may stimulate
oxytocinergic system, recruiting a positive feedback loop in ser-
otonergic pathways. Interestingly, oxytocin increases the potential of 5-
HT binding to 5-HT;, receptors [59] and may also stimulate post-sy-
naptic release of catecholamines [3,69]. Noradrenaline, well known for
being associated with mood disorders [48,78], stimulates oxytocin re-
lease from hypothalamus [8]. Therefore, a positive correlation among
oxytocin, serotonin and catecholamines becomes feasible [59].

It is undoubted that cathecolamines play a modulatory role upon
behavior [5]. Increases in noradrenergic neurotransmission promote
some depressive and anxiogenic symptoms. Much of the catecholami-
nergic neurons are located in the Locus Coeruleos (LC) and organize
different functions, including emotional behavior. [7778,81]. LC seems
to exert antagonistic effects in prosencephalic regions modulating be-
havior [26]. Lesions in dorsal LC increases fear and anxiety induced by
novelty paradigm in rats [57]. Contradictorily, damages in the dorsal
noradrenergic group of LC increase the antidepressant-like effect pro-
moted by the noradrenaline reuptake inhibition [26]. On the other
hand, when the lesions surrounded ventral portions, this antidepressive
effect was completely absent [26], which suggests that LC modulates
behavioral responses according to its active region. Memory after
emotional experiences depends on noradrenergic inputs to amygdala
[32,43], a brain region responsible for organizing fear and anxiety
behaviors such as avoidance and freezing [6]. Increases in nor-
epinephrine concentrations in the amygdala [86], changes in circu-
lating hormone levels [2] and in the activity of autonomic supplies [12]
are found in response to an emotional experience [70]. The plausibility
of the hypotheses that these brain areas and catecholaminergic sy-
napses would be potentially involved in the behavioral effects evoked
by LVV-h6 is further supported by our current report: mRNA for beta
globin fragments was found in medial prefrontal cortex, hippocampus,
amygdala, hypothalamus and hypophysis [27].

Catecholamines other than noradrenalin may be involved in the
neurobiology of anxiety and depression, learning process and motiva-
tional behaviors [5]. The role of dopamine in depressive behavior is
quite ambiguous: while dopamine increases in the frontal cortex may
promote depressive behavior, the reduction of dopaminergic activity in
this brain region may evoke antidepressant-like effect [29]. Anti-
depressant-like effects promoted by dopamine seem to depend on do-
paminergic receptors subtype 2 (D2), which are able to reduce de-
pressive-like behavior after stress exposure [3,29,35]. Whether LVV-h6
exerts a putative effect on dopaminergic pathways, with special regard
to those relying on D2, remain to be investigated.

Since the seminal reports, hemorphins are known for exerting an-
tinociceptive and anti-hyperalgesic effects [23,38] mediated by opioid
receptors [14,3738,66]. Following on from investigating the involve-
ment of OTr and catecholaminergic pathways in the behavioral effects
evoked by LVV-h6, our next step was to test the contribution of opioid
receptors. The opioid system controls different physiological functions
[13], including mood status [9]. Central endogenous opioids are re-
leased after well-being situations such as food intake, positive feelings
and social acceptance [18]. Opioid receptors are broadly expressed in
central and peripheral nervous systems [50]. The exogenous opioid
morphine reduced anxiety in patients with posttraumatic stress dis-
orders [17,42]. While the treatment with the agonist buprenorphine
reduced cortisol levels, it did not affect anxiety levels in healthy
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patients [10]. In addition, blockade of opioid receptors promoted dys-
phoria and potentiated negative feelings triggered by sudden loss
[56,64]. The involvement of opioid system in brain areas controlling
defense reactions is also showed following administration of morphine,
which inhibited the excitatory post-synaptic currents in the lateral
amygdala of rats [91].

Kappa-opioid receptors (KOR) play a role in depression, anxiety
[46,63], social interaction [1516]. Activation of KOR during stressful
experiences induces long-term behavioral changes [4]. KOR are in-
volved in the anti-reward response [85] and participate in the stress-
induced psychopathology [45]. p-opioid receptors (MOR) is another
receptor that is strongly involved in rewarding process [82,85]. The
activation of MORs reduces neuronal activity in brain areas organizing
defense reactions [73]. Delta-opioid receptors (DOR), in turn, seem to
be involved in contextual learning and reward system [54]. The in-
creases in anxiety-like and depression-like behaviors displayed by DOR
knockout mice suggests DOR’s contribution to the mood status [33,73].
To evaluate whether the behavioral effects promoted by LVV-h6 would
depend opioid system, we blocked the opioid receptors with NTX. The
anxiolytic-like effect evoked by LVV-h6 was potentiated in animals
previously injected with NTX. In the light of the modulatory effects
played by opioid system upon behavior, we suggest that NTX promi-
nently blocked the effects of LVV-h6 upon DOR. Further experiments
are necessary to better describe the role of every opioid receptors
subtype in the behavioral effects evoked from LVV-h6.

Although NTX itself increased the immobility time in FST, the an-
tidepressant-like effect promoted by LVV-h6 was completely reverted
by NTX. Opioid receptors also regulate the activity of monoaminergic
neurons [54]. In fact, the antidepressant-like effects of tricyclic anti-
depressants are reverted by naloxone [31,54], a nonspecific antagonist
of opioid receptors that is similar to that tested in our experiments. The
activation of MORs at the ventral tegmental area, increases the activity
of dopaminergic neurons and the release of 5-HT in the dorsal nucleus
of raphe. Both mechanisms result from the inhibition of gabaergic in-
terneurons by MORs [54]. Notwithstanding the inactivation of in-
hibitory mechanisms that allows recruiting monoaminergic sources, the
expression of MORs in noradrenergic neurons raises a direct effect upon
noradrenaline release [54]. Nevertheless, the activation of KORs in-
hibits the release of dopamine in the nucleus accumbens, promoting
depressive behavior and mood reduction [45,79]. Indeed, opioid re-
ceptors (mu, kappa and delta) were expressed in hippocampus and
modulate the neurogenesis triggered by brain-derived neurotrophic
factor (BDNF) [54]. Converse to these neurotrophic evidences, MORs
activity in the hippocampus seems to reduce survival and proliferation
of neurons [25,40]. Blockade of KOR and activation of DOR promoted
antidepressant-like effects [54]. The hippocampal mRNA levels of
BDNF were higher after administration of enkephalins and of specific
DOR agonists. These effects were reverted by DOR and MOR antago-
nists [54], thus revealing a contribution of opioid receptors to the ef-
fects mediated by BDNF, the main neurotrophic factor in charge of the
antidepressant effect of many drugs [20]. Despite being likely to hy-
pothesize that LVV-h6 would reach long-term behavioral effects by
promoting neurotrophism mediated by opioid receptors, this remains to
be unraveled by future attempts.

Our results demonstrate that LVV-h6 modulates anxiety-like and
depression-like behaviors. These effects were very similar to those re-
ported for LVV-h7 in our prior study [27]. LVV-h6 and LVV-h7 display a
substantial structural similarity in their amino acid sequences: the dif-
ference is that LVV-h6 lacks a Phe in its C-terminus position [38]. Lee
and coworkers demonstrated that the deletion of this last amino acid
residue (PhelO from the C-terminal position of LVV-h7) was unable to
produce pronounced changes in the binding affinity for AT4/IRAP re-
ceptor [51]. However, our in vivo findings demonstrate that the beha-
vioral effects evoked from LVV-h6 did not rely on OTr and this is a
probable consequence of this Phe absence, which impair the inhibition
of the catalytic site of AT4/IRAP. A classic example that would provide
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further support to the hypotheses raised from these structure-activity
clues, may be taken from the renin-angiotensin system. Same Phe re-
moval results from the action of the angiotensin converting enzyme
subtype 2, which converts angiotensin II to angiotensin-(1-7). The
counterregulatory and mostly opposite effects displayed by these two
peptides are consequence of Angiotensin II affinity for AT1 and AT2
receptors, whereas angiotensin-(1-7) binds preferentially to Mas re-
ceptor [93] . Therefore, small changes in the primary structure of the
peptide may modify binding affinity and specificity, as seen in the
comparison of the behavioral effects and of the mechanisms between
LVV-h6 and LVV-h7.

5. Conclusion

We conclude that LVV-h6, a bioactive nonapeptide derived from the
hemoglobin, modifies the anxiety-like and depressant-like behaviors of
rats. The anxiolytic-like effect evoked by LVV-h6 does not depend on
oxytocinergic, catecholaminergic or opioid systems, therefore, path-
ways other than these are underlying the effects of LVV-h6 upon an-
xiety. The antidepressant-like effect promoted by LVV-h6, in turn, de-
pend on opioid pathways. Future experiments are needed to reveal the
additional mechanisms (non-oxytocinergic, non-catecholaminergic and
non-opioid) involved in the behavioral effects of LVV-h6, mainly the
anxiolytic-like effect.
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