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RESUMO

O subnucleo péstero-dorsal da amigdala medial (MePD) é parte relevante
da circuitaria que integra comportamentos emocionais e sociais e controle
central cardiovascular. Aqui, estudamos a atividade hemodinamica basal e as
respostas cardiovasculares reflexas apds microinjecfes de salina (0,3uL, n=7),
vasopressina (VP, 1pg ou 100pg/0,3 pL, n= 5-7), substancia P (SP, 10ng ou
100ng /0,3 uL, n= 4-6); colecistoquinina (ou colecistocinina, CCK, 10nM ou 100
nM/0,3 uL, n= 4/grupo), e L-Arginina (L-Arg, 2,87 nM ou 100 nM/0,3 puL, n= 4-5)
no MePD de ratos machos, adultos e ndo anestesiados. As respostas
barorreflexas e quimiorreflexas foram testadas. Analise espectral e simbdlica dos
dados foram realizadas para avaliar a atividade central nos componentes
simpaticos e parassimpaticos na variabilidade da frequéncia cardiaca (FC) e da
pressao arterial (PA). A seguir, testamos o0 quanto o glutamato (2 pg/0,3 ),
guando microinjetado na MePD, €& capaz de modular a resposta central a
privagdo de agua, com alteragbes no volume sanguineo e osmolaridade e,
consequentemente, na PA e FC. Os resultados mostraram que a VP aumentou
consistentemente os parametros da analise espectral, 0 que indica uma maior
resposta simpatica, SP induziu um efeito dose-dependente e aumentou tanto a
sensibilidade do barorreflexo e a FC provocada pelo quimioreflexo e parametros
de analise espectral e simbodlica com significados fisiologicos mistos, L-Arg
aumentou a FC provocada pelo quimioreflexo e reduziu a atividade
parassimpatica central. Em relacdo ao equilibrio hidromineral, ratos
microinjetados com glutamato apresentaram maior consumo de agua, mas nao
maior consumo de agua e NaCl quando comparados aos ratos ndo submetidos
a restricdo hidrica. Esses dados contribuem para o avan¢o dos conhecimentos
sobre a modulacdo neuroquimica e o balanco simpatico/parassimpatico que
modula o sistema cardiovascular apds estimulacéao periférica. O MePD também
participa do controle central do apetite de sal, reduzindo-o, mas mantendo a sede
e o volume de agua ingerido apés a desidratacdo. Esses achados indicam que
o0 MePD atua para controlar a homeostase dos ajustes cardiovasculares reflexos,

volume sanguineo e PA sem induzir alto consumo de sal em ratos.

Palavras-chave: Reflexo barorreceptor, pressdo arterial, controle central cardiovascular,

reflexo quimiorreceptor, amigdala estendida, homeostase hidromineral.



ABSTRACT

The posterodorsal medial amygdala (MePD) is a relevant component of the
central network for the elaboration of emotional/social behaviors and corresponding
supramedullary control of the cardiovascular system. Here, we studied both the
basal hemodynamic state and reflex-mediated cardiovascular responses after
microinjections of saline (0.3uL, n=7), vasopressin (VP, 1pg or 100pg/0.3 pL, n= 5-
7), substance P (SP, 10ng or 100ng /0.3 uL, n= 4-6); cholecystokin (CCK, 10nM or
100 nM/0.3 uL, n= 4/group), and L-Arginine (L-Arg, 2.87 nM or 100 nM/0.3 uL, n=
4-5) in the MePD of awake adult male rats. Baroreflex and chemoreflex responses
were tested. Power spectral and symbolic analyses were performed to evaluate the
central involvement of sympathetic and parasympathetic components in the
variability of the heart rate (HR) and arterial blood pressure (AP). In addition, we
tested whether glutamate microinjected in the MePD is able to modulate the central
response to water deprivation, likely changes in the blood volume and osmolarity
and, consequently, AP and HR. Results showed that VP consistently enhanced the
power spectral parameters indicative of higher central sympathetic responses, SP
induced a dose-dependent effect and increased both the sensibility of the baroreflex
and the HR evoked by the chemoreflex as well as a sympathetic activation, CCK
increased HR evoked by the chemoreflex and parameters of power spectral and
symbolic analyses with mixed physiological meanings, and L-Arg increased HR
evoked by the chemoreflex and reduced the central parasympathetic activity.
Regarding the hydromineral balance, rats that were microinjected with glutamate
had a higher consumption of water, but not a higher intake of water and NaCl
compared to glutamate microinjected in rats with free access to water. These data
add to the fine-tuned neurochemical modulation of the MePD function on the central
sympathetic/parasympathetic  functional organization that modulate the
cardiovascular system following peripheral reflex stimulation. The MePD also
participates in the central control of salt appetite, reducing it, but maintaining thirst
and the volume of water intake after dehydration. These findings indicate that the
MePD acts to homestatically control reflex-mediated cardiovascular adjustments,
blood volume and AP without inducing high salt intake in rats.

Keywords: Baroreceptor reflex, blood pressure, central cardiovascular control,

chemoreceptor reflex, extended amygdala, hydromineral homeostasis.
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1. INTRODUCAO
1.1 Amigdala

A amigdala, ou complexo amigdaliano, constitui-se de nucleos subcorticais
situados no lobo temporal, lateral ao hipotalamo e ventral ao estriado, no encéfalo de
mamiferos. Em primatas, caracteriza-se como uma massa ovoOide de substancia
cinzenta, que esta situada na porcao terminal e rostral da formacéao hipocampal, tendo
como limite anterior o corno temporal do ventriculo lateral (Alheid et al., 1999; Everitt et
al., 1995; Rasia-Filho et al., 2000; de Olmos et al., 2004; Rasia-Filho et al., 2004). Em
ratos, é constituida por nucleos e subnucleos que formam uma complexa rede estrutural
inter-relacionada e multifuncional, sendo, dessa forma, importante para sobrevivéncia e
adaptacdo do animal em seu ambiente, pois participa de atividades comportamentais,
enddcrinas, simpaticas e parassimpaticas, inatas e aprendidas (Rasia-Filho et al., 2000).

O termo amigdala adveio de estudos anatémicos que observaram diversos nucleos
localizados na regido rostral a cauda do nucleo caudado, ao hipocampo e ao corno
temporal do ventriculo lateral pareciam, conjuntamente, ter uma forma esferoide e
alongada, semelhante a forma de uma améndoa (denominacao de origem grega, apesar

desse aspecto ndao ser comum para todos os animais estudados até o momento).

v
vIM

el

Interaural 6.48 mm" i i Bregm;\ -2.52 mm

Figura 1. Representacdo esquematica de corte coronal do encéfalo de rato, onde se pode observar na

area hachurada em vermelho a localizagdo do complexo amigdaliano. Figura adaptada do atlas do
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encéfalo de rato de Paxinos e Watson (1998), abreviaturas conforme o atlas, reapresentado de
Quagliotto (2006).

Nesses animais, os limites anatdmicos ndo sédo considerados precisos, e a
classificacdo de suas subdivisdes continua controversa (Canteras et al., 1995;
Swanson e Petrovich, 1998; de Olmos et al., 2004; Quagliotto et al., 2006; Dall’Oglio
et al., 2008), entretanto, é aceitdvel que a amigdala seja dividida em quatro regides

(como mostra a figura a seguir):

Nileleo proprio da estria terminal lateral
Amigdala ecntral
Divisio central da amigdala “expandida”
Divisfin central sublenticular
Divisfo central do niclen praprio da estria
terminal supracapsular
Nucles intersticial da divisao posterior da
L comissura anterior
Amigdala “expandida” . ) I )
Partes anterior, ventral ¢ posterior do ndacleo
proprio da estria terminal medial
Amigdala medial
Niclee proprio da estria terminal intra-
I¥ivisdo medial ] amigdaliano ;
Divisio medial da amigdala “expandida”
sublenticalar
Divisdio medial do nidcleo priprio da estria
- terminal supracapsular

Nielee do trate olfative lateral
Amigdala "olfativa® Nicleo cortical anterior

Niclen cortical pastero-lateral

Area de trans igiio amigdalo-piriforme

Amigdala com Niiclea priprio do trato olfativo acessirio
Amigdaln caracteristicas Amigdala "vomeronasal"” Nicleo cortical pistero-medial

corticais L Area de transiciio amigdalo-hipocampal
MNicleo lateral

Complexo basolateral Nieler basolateral

MNicleo basolateral veniral

Nieleo basomedial

- i Porglies ventromedials do palido ventral
Areas de transicio Partes candal e medial do micles accumbens
Divisfio posterior da comissura anterior

Grup-o celular intercalado

Area amigdaliana anterior

Area de transicho amigdalo-estriatal
Nicleos ndo-classificados Substiincia cinzenta intramedular amigdaliana

jsdal ich sprio d ¢ inal Nicleo paraestriado
(amigdala e nicleo priprio da estria terminal) Nileleo priprio da comissura anteriar

Nieleo subventricular
Mielen do eomponente comissural da estria
terminal
L Nieleo lusiforme

Figura 2. Classificacdo dos nlcleos que compdem a amigdala do rato com suas subdivisbes
anatbmicas e seus componentes principais, conforme descrito por Alheid e colaboradores (1995) e

modificado por Rasia-Filho e colaboradores (2000).
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1) amigdala “expandida”, assim chamada, pois estende-se além de seus limites
anatdémicos e é formada pelos nucleos medial (MeA) e central (ACe) da amigdala; 2)
amigdala com caracteristicas corticais, subdividida em por¢do basilar lateral e em
por¢cdes que se ligam as vias olfatorias e vomeronasal; 3) areas de transicao,
dispostas entre a por¢ao ventral dos nucleos da base e a amigdala “expandida”; e 4)
nacleos ainda ndo classificados, constituidos por um grande grupo de células
dispersas na substéncia branca e no interior do nucleo préprio da estria terminal
(BNST; de Olmos et al., 2004; Swanson e Petrovich, 1998).

1.2 Amigdala medial

O MeA é um dos nucleos superficiais do complexo amigdaliano que, ao longo
de sua extensao, esta em contato direto com a regido lateral do trato optico (TO),
ventral a estria terminal (ST) em sua parte mais posterior, em posicdo medial e
posterior ao nucleo do trato olfatério e, tendo como limite posterior, aproximadamente
onde surgem os ventriculos cerebrais (de Olmos et al., 2004). Dorsalmente, 0 MeA é
separado da porcdo medial do ACe por uma regido caracterizada por uma menor
densidade celular, a qual é substituida em seus limites mais ventralmente e
caudalmente pelo BNST (Alheid et al.,, 1995). Caudalmente, o grupo de nucleos
intercalados da amigdala separa a AMe do nucleo baso-lateral da amigdala (ABL).
Ainda em sentido caudal, e em posicao dorsal, grupos de fibras que ascendem dentro
da ST séo interpostos entre a AMe e outros nucleos da amigdala. (Alheid et al., 1995;
Petrovich et al., 2000; Pitkanen, 2000; de Olmos et al., 2004). Baseado em
critérios citoarquitetdnicos, hodologicos e funcionais, o MeA tem sido dividido em
guatro subnucleos: antero-dorsal (MeAD), antero-ventral (MeAV), poéstero-dorsal
(MePD) e poéstero-ventral (MePV), como observa-se na Figura 3. (Canteras et al.,
1995; de Olmos et al., 2004; de Castilhos et al., 2006; Dall’'Oglio et al., 2008; Arpini et
al., 2010; Brusco et al., 2010).
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Bregma - 3,30 mm W

Figura 3. Representacdo esquematica de cortes coronais do encéfalo do rato, onde se pode
observar os quatro subnucleos da amigdala medial, a saber AMeAD em amarelo; AMeAV em
verde; MePD em azul; MePV em vermelho. Os valores em mm colocados a direita das
imagens referem-se as distancias posteriores ao bregma. As coordenadas espaciais referem-
se ao hemisfério direito e sdo dorsal (D), ventral (V), medial (M), lateral (L). Figuras e
abreviaturas baseadas no atlas do encéfalo do rato de Paxinos e Watson (1998),

reapresentado de Quagliotto (2006).
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1.3 Amigdala medial péstero-dorsal

O MePD, parte da “amigdala estendida”, esta localizada na parte subcortical do tergo
anterior do lobo temporal, lateral ao TO e ventral & ST na parte telencefalica basilar do
rato (de Olmos et al., 2004).

MePD

Figura 4. Representacdo esquematica de corte coronal de encéfalo de rato onde se pode observar o
nacleo medial péstero-dorsal da amigdala medial (MePD) e suas adjacéncias com a estria terminal
(st) e o trato 6ptico (opt). Abreviaturas baseadas no atlas do encéfalo do rato de Paxinos e Watson
(1998).

O MePD recebe aferéncias de diferentes regides encefalicas, como as densas
projecbes do sistema olfatorio, especificamente do bulbo olfatério acessorio; de
ndcleos corticais como o cortex infralimbico, area pré-limbica e insula agranular
ventral; da formacao hipocampal, como o cértex entorrinal e partes proximal e distal
do subiculum temporal; de nucleos hipotalamicos, dentre eles, a area pré-6ptica
medial, regides dorsal e medial do nucleo paraventricular, nicleos ventromedial, pré-
mamilar ventral e dorsal, arqueado, lateral; de nucleos talamicos, como os nucleos
paraventricular, parataenial, parafascicular, basal do complexo ventromedial e diviséo
medial do complexo geniculado medial; do tronco encefalico; da divisdo medial do
BNST; e do nucleo da divisdo horizontal da faixa diagonal de Broca, entre outras
(McDonald, 1998; Pitkdnen et al.,, 2000). Este subnucleo também se encontra

interconectado com os demais subnucleos do MeA (Canteras et al., 1995). Além disso,
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0 MePD possui conexdes intra-amigdalianas, sendo muitas delas reciprocas,
podendo-se destacar as divisbes magnocelular e parvocelular do nucleo basal
acessorio, as divisbes medial e ventro-lateral do nucleo lateral, os ndcleos cortical
anterior e posterior e as divisbes medial e lateral da area amigdalo-hipocampal
(Ottersen e Ben-Ari, 1979; Ottersen, 1980; de Olmos et al., 2004).

O MePD também envia eferéncias a diversas regioes encefalicas, entre as quais
estdo aquelas para alguns nucleos hipotalamicos como o posterior, o anterior, 0
periventricular antero-ventral, o pré-6ptico medial e o pré-mamilar ventral; para areas
corticais, principalmente entorrinal lateral, de transi¢éo pds-piriforme, CA1 hipocampal
e subiculum; areas do tronco encefalico, para tegmental dorsal e substancia cinzenta
periaqueductal; para outras regides, como o BNST, parte antero-dorsal e posterior
principal; e para a substancia innominata (Canteras et al., 1995; Petrovich et al., 2001).

Baseado em sua hodologia, 0 MePD gera resposta neuroendocrina de aumento da
atividade do eixo hipotalamo-hipdéfise-adrenal (HPA) em resposta a estimulos
estressantes emocionais incondicionados (Dayas et al., 1999), modula
comportamentos como o reprodutivo, agressivo e defensivo (revisado em Rasia-Filho
et al., 2012) e promove ajustes homeostaticos cardiovasculares com repercussao na
elevacao da pressao arterial sistémica (PA; Quagliotto et al., 2008, 2012; Neckel et al.,
2012; Quagliotto et al., 2015). Além disso, o MePD também integra parte do controle
central dos reflexos dos barorreceptores e quimiorreceptores. Este subnucleo pode,
ainda, modular ajustes simpaticos e parassimpaticos cardiovasculares (Rasia-Filho,
2006; Quagliotto et al., 2008; Neckel et al., 2012; Quagliotto et al., 2012), o que sera

tema desta dissertacao.

1.4 Amigdala medial e controle central cardiovascular

O conceito dos mecanismos do controle neural do sistema cardiovascular
modificou-se nas Ultimas décadas. Os ajustes centrais cardiovasculares podem
ocorrer por respostas reflexas e/ou pelos mais diversos comportamentos (Rasia-Filho,
2006; Quagliotto et al., 2006). Dois elementos funcionais estédo envolvidos no controle
central do sistema cardiovascular: um constituido de areas do sistema nervoso central

(SNC) que mantém atividade basal/tdnica simpética/parassimpatica para o coracao e
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leitos vasculares enquanto o outro se relaciona com informagdes sensoriais fasicas
para modular a atividade neural que atinge os orgaos efetores (Longhurst, 2008).
Neste, por exemplo, reflexos neurais envolvem os barorreceptores carotideos e
aorticos e as vias neuronais dos quimiorreceptores periféricos, a curto prazo, que
convergem principalmente a areas do tronco encefélico, embora outras regides do
prosencéfalo também sejam relevantes para a resposta cardiovascular final
(Longhurst, 2008).

O mecanismo reflexo desencadeado pelos barorreceptores do seio carotideo e
arco aortico tem fundamental importancia no controle a curto prazo da PA. Em
circunstancias normais a PA é mantida em uma faixa de variagcdo estreita
assegurando uma perfuséo tecidual adequada. Os componentes da PA, o débito
cardiaco e a resisténcia vascular periférica sdo ajustados por mecanismos complexos
envolvendo o sistema nervoso simpatico e parassimpatico e varios hormonios. Os
barorreceptores do arco aértico e do seio carotideo constituem o mais importante
mecanismo de controle da PA momento-a-momento, devido a sua sensibilidade e alto
ganho, relevantes na atenuacéo de alteracdes agudas da PA. Comprovando a agao
tbnica inibitéria dos barorreceptores sobre a atividade simpatica, observa-se um efeito
hipertensor agudo apés a deaferentacdo dos barorreceptores (Krieger, 1964,
Franchini e Krieger, 1994, Franchini et al., 1996). Tais receptores emitem fibras
mielinizadas e ndo mielinizadas aferentes ao nucleo do trato solitario (NTS) no bulbo,
gue é para onde convergem diversas informacdes sobre a circulacéo e a atividade
cardiaca (Krieger, 1964, Krieger, 1970, Spyer, 1994, Dall'Ago et al., 1997, De Angelis
etal., 2000, Dall'Ago et al., 2002, Dall'Ago et al., 2007, Spyer and Gourine, 2009, Diaz-
Mataix et al., 2011). As aferéncias dos barorreceptores sao inicialmente integradas no
NTS que, por sua vez, projeta eferéncias para outras estruturas do SNC envolvidas
com o controle cardiovascular (Mifflin, 2001, Zhang et al., 2009a, Zhang et al., 2009b,
Zhang and Mifflin, 2010). Por exemplo, no tronco encefélico, grupos de neurbnios
regulam a atividade do barorreflexo pela ativacdo parassimpatica para o coracao (via
nucleo ambiguo e nucleo dorsal do vago) e simpética para o coracdo e vasos
periféricos (via regido caudal e rostral do bulbo ventrolateral; Mifflin, 2001, Dampney
et al., 2002, Dampney, 2009, Zhang and Mifflin, 2010). A reducdo na habilidade do

barorreflexo e do quimiorreflexo em controlar a PA pode resultar em aumento da
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variabilidade desta e da frequéncia cardiaca (FC) com consequente comprometimento
da funcéo cardiovascular em diferentes situagées (Malpas and Maling, 1990, Malpas
and Purdie, 1990, Spallone and Menzinger, 1997, Malpas et al., 2001, Malpas, 2002,
Salgado et al., 2007, Tobaldini et al., 2009a, Tobaldini et al., 2009b, Malpas, 2010).

Os quimiorreceptores periféricos situados no arco aértico e no corpo carotideo
sdo importantes para ajustes ventilatorios em resposta a hipercapnia e hipoxemia,
assim como a quedas do pH plasméatico. Além disso, essas respostas sao mediadas
pela interacdo entre os quimiorreceptores periféricos e centrais. Por exemplo, acidose
e hipercapnia aumentam a atividade dos quimiorreceptores periféricos,
potencializando o efeito da hipoxia. As aferéncias provenientes dos quimiorreceptores
carotideos e aorticos chegam ao NTS pelos nervos glossofaringeo e vago,
respectivamente. No bulbo essas aferéncias desencadeiam um aumento da
ventilacédo, da atividade simpatica periférica e da atividade vagal no coragcéo (Thames,
1994). O resultado desses ajustes € uma menor FC, mas um volume de eje¢do maior
por aumento da for¢a contrétil cardiaca. O papel funcional dessas adaptacdes envolve
a manutencdo das trocas gasosas pelo aumento da ventilacdo, manutencdo da
perfusdo em érgéos vitais como 0 coracao e sistema nervoso, o que pode acarretar
uma vasoconstricdo momentanea e diminuicdo da perfusdo em leitos vasculares nao
tdo vitais, como por exemplo em masculos esqueléticos, mesentério e rins,
concomitantemente a vasodilatacdo coronariana, por ativacdo vagal cardiaca e
vasodilatacdo em territorio nervoso, por razdes metabolicas (Quagliotto et al., 2006).
Além disso, a ativacdo dos quimiorreceptores carotideos € inibida pela ativacédo dos
barorreceptores adrticos em decorréncia de aumentos da PA e a desativacdo dos
barorreceptores potencializam a resposta ventilatoria e vasoconstritora dos
quimiorreceptores (Dall’Ago et al., 1999). Em quimiorreceptores centrais, no bulbo,
ainda pode ocorrer estimulacdo direta de resposta cardiovascular provocada pela
guantidade de gas carbdnico local e pela variagdo da composicdo do liquido
cefalorraquidiano (Ganong, 2003).

As respostas cardiovasculares desencadeadas pelos quimiorreceptores,
estimulados pelo cianeto de potassio (KCN) sdo complexas e podem ser moduladas
por mecanismos secundarios como hiperventilacdo, mudancas nos gases

sanguineos, ativacdo dos barorreceptores e resposta de defesa (Franchini and
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Krieger, 1992, 1994, Marshall, 1994, Franchini et al., 1996, Dall'Ago et al., 1997,
Dall’'Ago et al., 2007, Quagliotto et al., 2008, Franchini et al., 2009, Zhang and Mifflin,
2010). De fato, para sua participagdo no controle reflexo sobre o débito cardiaco e
sobre a resisténcia periférica, 0s barorreceptores exercem uma a¢do complexa gracas
a suas multiplas conexdes com regides do SNC, como o complexo amigdaliano,
hipotdlamo lateral, nlcleos dorsomedial e periventricular hipotalamicos e nucleo
parabraquial pontino, por exemplo (Franchini and Krieger, 1994, Franchini et al., 1996,
Bealer, 1999a, b, Bealer and Crowley, 1999a, b, Dampney et al., 2002, Dampney,
2009, Bealer et al., 2010a, Bealer et al., 2010b). E importante notar que essas
estruturas estao interligadas entre si, formando um circuito neural que deve organizar
0S ajustes simpaticos e parassimpaticos e a emissao de comportamentos relevantes
para adequagédo do animal em seu meio. N&o é a toa, entdo, que também o ACe, que
esta envolvido com o controle de respostas emocionais, como no caso do medo
condicionado, afeta a atividade de estruturas hipotalamicas e bulbo-pontinas para
aumentar a FC e a PA no contexto de “fuga ou luta” do animal (Davis, 1992a, b, c,
LeDoux, 1992a, b, Rasia-Filho et al., 2000, de Castilhos et al., 2006, Rasia-Filho, 2006,
de Castilhos et al., 2008, de Castilhos et al., 2009, de Castilhos et al., 2010). No
entanto, a resposta a estimulos estressantes em ratos depende mais da integridade
do MeA do que do ACe (Dayas et al., 1999, 2001, Dayas and Day, 2002, Dayas et al.,
2004). O MeA apresenta conexfes com o ACe (Pitkanen, 2000, Hayward et al., 2010)
e, ademais, desponta como importante area no controle das respostas emocionais
(Rasia-Filho et al., 1991, Rasia-Filho et al., 2000, Rasia-Filho and Hilbig, 2005, Rasia-
Filho, 2006, 2009).

Muitos nucleos do SNC contribuem com 0s ajustes neurais e hormonais de
variaveis cardiovasculares. Dentre eles, é possivel destacar as projecées do MeA que
inervam areas previamente envolvidas com a organizacdo central cardiovascular
(Canteras et al., 1995; Petrovich et al., 2001), tais como: o ACe, cuja ativacao elétrica
leva a um aumento na FC, primeiro devido a diminuicdo da atividade vagal e,
posteriormente, a um aumento do ténus simpatico (Turner et al., 1986); as células
noradrenérgicas Al do bulbo ventrolateral caudal e; as células noradrenérgicas A2 do
NTS (Canteras et al., 1995; Dayas et al., 1999; Dayas and Day, 2002; Saha and Datta,
2005).
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O MePD possui eferéncias diretas e indiretas (1) aos nucleos hipotalamicos
paraventricular medial e supra-optico para controle da secrecdo de ocitocina (OT;
Dayas et al., 1999), (2) a zona periventricular hipotalamica relacionada com respostas
simpéticas e parassimpaticas (Petrovich et al., 2001) e (3) ao NTS (Canteras et al.,
1995, Longhurst, 2003; Saha, 2005) para controle central dos reflexos mediados pelos
barorreceptores e quimiorreceptores periféricos (Neckel et al., 2012). Em conjunto,
isso pode fazer com que o MePD module varidveis cardiovasculares
concomitantemente a emissédo de comportamentos sociais em roedores (Quagliotto et
al., 2008, Quagliotto et al., 2012, Neckel et al., 2012). Por exemplo, apds a estimulacao
de alguns nucleos da amigdala, é possivel gerar taquicardia em ratos e em humanos,
dentro de um conjunto de manifestagdes relacionadas com o medo (Rasia-Filho et al.,
2000). J4 em situacdes de lesdo no nacleo central da amigdala de ratos pode-se ter
os efeitos contrarios aos mencionados anteriormente, como diminuigdo da FC, por
exemplo (Rasia-Filho et al., 2000). Outro estudo, aponta que a estimulacéo elétrica do
MePD pode aumentar a PA em camundongos e que lesdes bilaterais, deste mesmo
subndcleo, por agentes neurotdxicos pode atenuar o aumento da PA em ratos
espontaneamente hipertensos (Fukumori et al., 2004). Dessa forma, o MePD e suas
conexdes parecem estar envolvidos na regulacdo da FC e PA em condicbes
fisiologicas, adaptativas e patoldgicas (Kubo et al., 2004; Qugliotto et al., 2008). Varios
neurotransmissores e neuropeptideos promovem um “ajuste fino” na atividade
cardiovascular reflexa, mas ndo na basal, quando microinjetados no MePD de ratos
(Quagliotto et al., 2008, 2012; Neckel et al., 2012; Quagliotto et al., 2015). Sabe-se
gue no MePD séo encontrados varios neurotransmissores e neuromoduladores como
a vasopressina (VP), a substancia P (SP), a colecistoquinina (ou colecistocina, CCK)
e o0 oxido nitrico (NO), por exemplo (Herbert et al., 1990, Kakinoki et al., 1998, Jones
et al., 1999, Matsumura et al., 1999, Averill and Diz, 2000, Dampney et al., 2002,
Yilmazer-Hanke et al., 2003, Jiang et al.,, 2005, Lacka and Czyzyk, 2008,
Szczepanska-Sadowska, 2008, Pyner, 2009, Shirasu et al., 2011).

A VP foi detectada em nudcleos do hipotalamo, como o supra-Optico e o
paraventricular, mas também no MeA, onde atua no controle hidroeletrolitico, na
regulacdo cardiovascular, na termoregulacdo e na regulacdo de uma variedade de

outros processos fisioldgicos e comportamentais (Ahn et al., 2001, Ebner et al., 2005,
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Hatam et al., 2009, Bosch and Neumann, 2012). Os receptores da VP sao
classificados em V1 e V2 (Ahn et al., 2001, Ebner et al., 2005, Hatam et al., 2009,
Bosch and Neumann, 2012). Estudos mostram que a administracdo de VP na dose
de 10 nM no ACe elevou a pressdo arterial média (PAM) em ratos em livre
deambulacéo, enquanto agonista de receptor V1, [Phe2, Orn8]-oxytocin, diminui a
PAM (Ahn et al., 2001, Ebner et al., 2005, Hatam et al., 2009, Bosch and Neumann,
2012). O MeA com isso, chama a atencdo por conter um numero substancial de
neurbnios vasopressinérgicos e receptores para VP e é o local priméario para a geracao
de respostas simpaticas, parassimpaticas e neuroenddcrinas relacionadas ao
estresse e ansiedade (Ahn et al., 2001, Ebner et al., 2005, Hatam et al., 2009, Bosch
and Neumann, 2012).

A SP tem sido implicada numa vasta gama de comportamentos, incluindo
atividade locomotora, memoria, aprendizado e ansiedade além da modulagéo central
da atividade cardiovascular (Kertes et al., 2009a, b). Microinje¢cdes de SP na dose de
1 uM na parte rostral do NTS inibe a PA e a atividade quimioreflexa (Horii et al., 2012).
No MeA foram identificados trés tipos de receptores para SP: (NK)-1, (NK)-2 e (NK)-
3. A SP preferencialmente se liga ao receptor NK-1 comparativamente com os NK-2
e NK-3 (Regoli et al., 1987, Dam et al., 1988, Kertes et al., 2009a, Horii et al., 2012).

A CCK age como um neurotransmissor e como um neuromodulador no SNC
de mamiferos na regulacdo do comportamento alimentar, ansiedade e na regulacéo
cardiovascular (lvy and Oldeberg, 1928, Vanderhaeghen et al., 1975, Lovick 2009).
Esse hormdnio pode agir diretamente na circulacdo sanguinea e ativar seus
respectivos receptores no hipotdlamo, tronco encefalico, e no complexo amigdaliano
(Chung and Moore 2007a, b, Simpson et al, 2012). Microinjecdes
intracerebroventriculares de CCK na dose de 10 uM em ratos produziram aumento da
PA acompanhada por uma bradicardia subsequente (Gaw et al., 1995). No MeA foram
identificados dois tipos de receptores para colecistoquinina: CCKA (ou CCK1) e CCKB
(ou CCK2; Chung and Moore 2007a, b, Leeyup et al., 2009). O MeA faz parte do
circuito para a modulacédo de respostas ao estresse e da ansiedade em ratos pelo
aumento na excitabilidade dos neurdnios colecistoquinérgicos e devido a inibicao
GABAérgica local alterando, assim, a atividade simpatica e parassimpatica e a

modulacdo das respostas reflexas cardiovasculares (Wank, 1995, Chung and Moore
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2007a, b, Leeyup et al., 2009). Ha evidéncias de vias de proje¢cbes CCKérgicas entre

a nucleo préprio da estria terminal (BNST), o MeA e o ACe (Handelmann et al., 1983).

O NO, que é sintetizado a partir da L-arginina (L-Arg), etapa fundamental para
sua producao basal ou induzida, tem sua enzima de sintese, NO sintase (NOS), de
trés formas: a NOS neuronal (NNOS), a NOS endotelial (eNOS) e a NO induzida
(INOS; Mishima et al., 2003, Paulis et al., 2010a, Paulis et al., 2010b, Buckley and
Johns, 2011, Cerrato et al., 2012, Yogo et al., 2012). A nNOS encontrada no SNC é
uma enzima citosdlica e que, para formar NO, necessita concomitantemente de L-Arg,
de uma série de cofatores e de oxigénio (Campese et al., 1997, Mishima et al., 2003,
Paulis etal., 2010a, Paulis et al., 2010b, Buckley and Johns, 2011, Cerrato et al., 2012,
Yogo et al., 2012). A ativacdo da nNOS requer que o Ca?* atue tanto na calmodulina
como na proteina cinase C para alterar a fosforilacdo de proteinas intracelulares. A
acao sobre a calmodulina estimula a nNOS a produzir NO que, entéo, pode se difundir
retrogradamente a porcéo pré-sinaptica (Campese et al., 1997, Paulis et al., 2010a,
Paulis et al., 2010b, Cerrato et al., 2012, Yogo et al., 2012).

Adicionalmente, o glutamato, principal neurotransmissor excitatorio, tem alta
producédo em células, axdnios de passagem e terminais sinapticos no MeA de ratos
(Hassel e Dingledine, 2006). Quando microinjetado (2 pg/0,3 pl) no MePD do
hemisfério direito em ratos ndo anestesiados, glutamato diminuiu a amplitude de
resposta da PA mediada pelos barorreceptores ao mesmo tempo que aumentou a
relacdo entre os componentes de baixa frequéncia e alta frequéncia na analise
espectral de forca e aumentou o componente “OV” da analise simbdlica dos dados de
PA sistdlica e intervalo de pulso (Neckel et al., 2012). Esses resultados podem ser
interpretados de duas formas complementares, a saber: (1) a acdo glutamatérgica no
MePD faz com que a resposta cardiovascular, induzida pelas injecdes sistémicas de
fenilefrina ou nitroprussiato de sédio, apresente uma menor sensibilidade as acées
dos barorreceptores e, com isso, impeca-se que aumentos de PA sejam
imediatamente corrigidos com reducéo da frequéncia cardiaca. Tal efeito pode ser
compreendido como uma forma de modulagao central de “estabilizacao” para que a
PA possa variar, como durante a ocorréncia de comportamentos como o sexual ou o
agressivo, mas que ndo haja reducdes pressoricas imediatas que poderiam

compromenter o desempenho da atividade motora animal nesses instantes. E, (2) os
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parametros analisados sdo correlacionados com o aumento da atividade central
simpatica com repercussao cardiaca e hemodinamica (Guzzetti et al. 2005; Porta et
al. 2007; Neckel et al., 2012), o que sugere papel ativo do MePD nos ajustes
cardiovasculares, quando estimulada. Dadas as funcdes amplas do sistema
simpético, isso poderia incluir a inervacao renal, com vasoconstri¢cdo local e reducdo
da diurese e a homoestase hidroeletrolitica em ajustes hemodinadmicos em paralelo a
atividade cardiaca e nos demais vasos sanguineos sistémicos. A restricdo hidrica
pode gerar a diminuicdo da volemia. Consequentemente, ha reducdo do débito
cardiaco e PA e a necessidade de uma resposta reflexa simpatica relacionada com a
manutencdo hemodinamica e para isso o0 MePD poderia estar envolvida igualmente,

0 que também sera tema de estudo dessa dissertacao.
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2. OBJETIVOS
2.1 Objetivo geral

Estudar o papel da modulacdo neuroquimica do MePD no controle central

cardiovascular e na resposta a restricao hidrica em ratos ndo anestesiados.

2.2 Objetivos especificos

Estudar a FC e a PA em animais ndo anestesiados apds microinjecao de salina,
VP, SP, CCK e L-Arg no MePD.

Estudar a FC e a PA apoés estimulacdo dos barorrecepores e quimiorreceptores
apos microinjecao de salina, VP, SP, CCK e L-Arg no MePD.

Determinar a variabilidade nas respostas cardiovasculares pela analise espectral
de forca e andlise simbolica dos dados de FC e PA desencadeados pela microinjecao
diretamente no MePD de salina e diferentes doses de VP, SP, CCK e L-Arg.

Estudar o papel do glutamato microinjetado no MePD no controle central da

homeostasia hidroeletrolitica no modelo de restricdo hidrica em ratos.
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Abstract

The posterodorsal medial amygdala (MePD) is a relevant component of the central
network for the elaboration of emotional/social behaviors and corresponding supramedullary
control of the cardiovascular system. Here, we studied both the basal hemodynamic state
and reflex-mediated cardiovascular responses after microinjections of saline (0.3uL, n=7),
vasopressin (VP, 1pg or 100pg/0.3 uL, n= 5-7), substance P (SP, 10ng or 100ng /0.3 uL, n=
4-6); cholecystokin (CCK, 10nM or 100 nM/0.3 uL, n= 4/group), and L-Arginine (L-Arg, 2.87
nM or 100 nM/0.3 puL, n= 4-5) in the MePD of awake adult male rats. Baroreflex and
chemoreflex responses were tested. Power spectral and symbolic analyses were performed
to evaluate the central involvement of sympathetic and parasympathetic components in the
variability of the heart rate (HR) and arterial blood pressure (AP). In addition, we tested
whether glutamate (2 pg/0.3 pL) microinjected in the MePD is able to modulate the central
response to water deprivation, likely changes in the blood volume and osmolarity and,
consequently, AP and HR. Results showed that VP consistently enhanced the power spectral
parameters indicative of higher central sympathetic responses, SP induced a dose-
dependent effect and increased both the sensibility of the baroreflex and the HR evoked by
the chemoreflex as well as a sympathetic activation, CCK increased HR evoked by the
chemoreflex and parameters of power spectral and symbolic analyses with mixed
physiological meanings, and L-Arg increased HR evoked by the chemoreflex and reduced
the central parasympathetic activity. Regarding the hydromineral balance, rats that were
microinjected with glutamate had a higher consumption of water, but not a higher intake of
water and NaCl compared to glutamate microinjected in rats with free access to water. These
data add to the fine-tuned neurochemical modulation of the MePD function on the central
sympathetic/parasympathetic functional organization that modulate the cardiovascular
system following peripheral reflex stimulation. The MePD also participates in the central
control of salt appetite, reducing it, but maintaining thirst and the volume of water intake after
dehydration. These findings indicate that the MePD acts to homestatically control reflex-
mediated cardiovascular adjustments, blood volume and AP without inducing high salt intake
in rats.

Keywords: Baroreceptor reflex, blood pressure, central cardiovascular control,
chemoreceptor reflex, extended amygdala, hydromineral homeostasis.
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1. Introduction

The posterodorsal medial nucleus of the amygdala (MePD), part of the medial division
of the “extended amygdala” (Alheid et al. 1995; de Olmos et al. 2004), integrates emotionally
relevant sensory information (Meredith & Westberry, 2004; Blake & Meredith, 2011) and
projects to brain areas that modulate social behaviors in rats (Newman, 1999), such as
diverse hypothalamic nuclei (Canteras et al., 1995; Cavalcante et al., 2006; Dong et al., 2001,
Petrovich et al., 2001). These hodological data are relevant to understand the synaptic
demand that is temporally and spatially integrated by MePD neurons, according to the
emotional valence of each ongoing situation, as well as for the animal to elaborate the most
adequate display among ample behavioral repertoire (Newman, 1999; Rasia-Filho, 2006,
2009). Neurons in the MePD can also act on parallel and overlapping circuits to modulate
homeostatic functions, such as the cardiac work and hemodynamics (as proposed by
Newman, 1999; Rasia-Filho, 2006; Rasia-Filho et al., 2009).

In this regard, cardiovascular regulation is aimed at appropriate hemodynamic ranges
to prepare, execute and after ending of agonistic behaviors (Rasia-Filho, 2006; Longhurst,
2008; Quagliotto et al., 2008). As reviewed in Quagliotto et al. (2012), the central control of
the cardiovascular system involves two sets of interactive functional elements: one consisting
of nervous system areas that maintain basal or tonic sympathetic/parasympathetic output to
the heart and vascular beds whereas the other provides phasic sensorial information to
modulate the neural activity that reaches effector organs (Longhurst, 2008). In this latter, for
example, short-term neural reflexes involve carotid/aortic baroreceptor and chemoreceptor
input pathways (Longhurst, 2008). Baroreflex responses adjust heart rate (HR), vascular
resistance, and the renin—angiotensin system to the perceived pressoric condition;
chemoreflex ones increase ventilation, promote a sympathetically-mediated increase in
cardiac pumping, vasoconstriction, and a parasympathically-mediated bradycardia
(Quagliotto et al., 2008 and references therein). Projections from the medial amygdala (MeA)
are sent to relevant brain areas involved with the central cardiovascular organization
(Canteras et al., 1995; Petrovich et al., 2001), such as: (i) the central amygdaloid nucleus
(CeA) whose electrical activation lead to a higher HR due to vagal withdrawal and increased
sympathetic tone (Turner et al.,, 1986); (i) the Al noradrenergic cells of the caudal
ventrolateral medulla; and, (iii) the A2 noradrenergic cells of the nucleus of the solitary tract
(Canteras et al., 1995; Dayas & Day, 2001; Saha, 2005). The MePD also innervates the
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neuroendocrine and sympathetic/parasympathetic-related parts of the periventricular zone in
the hypothalamus of rats (Petrovich et al., 2001) which could allow an integrative role of the
cardiovascular responses in association with behavioral occurrence (Quagliotto et al., 2008;
Davern et al., 2009, 2011). Accordingly, the MePD appears to be involved in the regulation
of HR and AP in both adaptive and pathological conditions (Kubo et al., 2004; Quagliotto et
al., 2008). Both Wistar and spontaneously hypertensive rats increased c-fos immunoreactivity
in the posterior MeA subnuclei after an air jet stressful protocol (Porter & Hayward, 2011). In
addition, (1) electrical stimulation of the MePD increased AP in mice (Zhang et al. 2009), (2)
inappropriate activation of the mouse MeA after fear or aversive stress led to sympathetic
activation and neurogenic hypertension (Davern & Head, 2011; Davern et al. 2010), and (3)
bilateral MePD and MePV neurotoxic lesions attenuated the development of high AP in
spontaneously hypertensive rats (Fukumori et al., 2004).

Classical neurotransmitters and neuropeptides modulate the central cardiovascular
control when directly microinjected in the MePD in awake rats (Quagliotto et al., 2008; Neckel
et al., 2012; Quagliotto et al., 2012, 2015). That is, glutamate in the MePD elicited a selective
activation of the central sympathetic response following baroreflex stimulation (Neckel et al.,
2012) whereas oxytocin, somatostatin, and angiotensin Il (AGIl) increased the range of these
cardiovascular reflex responses and led to mixed sympathetic and parasympathetic
responses (Quagliotto et al., 2012, 2015). Other neuropeptidergic actions or gaseous
transmitter modulation of MePD function are not currently known. This is the case for the
likely effects of vasopressin (VP), substance P (SP), and cholecystokinin (CCK) as well as
the L-arginine (L-Arg) induction of nitric oxide (NO) production in this brain area. These three
neuropeptides are able to modulate central cardiovascular control. VP controls sympathetic
outflow toward the cardiovascular system when acting in the hypothalamic paraventricular
nucleus (Lozic et al., 2018) or, indirectly and related to apelin-induced effects, to increase
arterial blood pressure (AP) and sympathetic nerve activity by the rostral ventrolateral medulla
(Griffiths et al., 2017). SP inhibits preganglionic cardiovagal motoneurons in brainstem and
phasically modulates the parasympathetic control of heart rate (Hou et al., 2009) at the same
time that decreases AP when acting in the solitary tract nucleus (NTS) of rats (Bauman et al.,
2002). CCK facilitates the activity of amygdaloid, hypothalamic, and midbrain circuits
activated by acute cardiovascular and behavioral responses to stressful stimuli (Lovick, 2009)

and increased AP and heart rate (HR) when microinjected in the cerebral ventricles (Gillis et
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al., 1983). NO modulates ANG Il actions and thirst (Coletti et al., 2015) and the expression of
NADPH-diaphorase, associated with NO synthase, is well documented in the adult rat MePD
(de Castilhos et al. 2009, and references therein). In conjunction, these data indicate the
relevant role for the MePD to bring about cardiovascular adjustments in rats. That could also
be the case for the central responses to volemic challenges, such as those caused by water
restriction and reduction of the extracellular fluid that can affect AP and HR.

Here, we studied both the basal hemodynamic state and reflex-mediated cardiovascular
responses after microinjections of VP, SP, CCK, and L-Arg into the MePD of awake male
rats. Baroreflex and chemoreflex responses were tested. Power spectral and symbolic
analyses were performed to evaluate the central involvement of sympathetic and
parasympathetic components in the variability of the HR and AP. We used the same
methodological approach previously described to study the central modulatory effect of the
MePD on the cardiovascular function (Quagliotto et al., 2008; Neckel et al., 2012; Quagliotto
et al., 2012, 2015, and references therein). In addition, we tested whether glutamate
microinjected in the MePD is able to modulate the central response to a hydroelectrolytic
balance challenge after changes in the blood volume and osmolarity using the water

deprivation paradigm.

2. Material and Methods

2.1 Animals

Adult male Wistar rats (3—4 months old, body weight 250-300 g) were kept in groups
under standard laboratory conditions, with food and water ad libitum and room temperature
around 22°C in a 12 h light:dark cycle (lights off at 7 p.m.). All efforts were made to minimize
the number of animals and their suffering. Rats were manipulated according to international
laws for ethical care and use (European Communities Council Directive of 24 November
1986, 86/609/EEC), conformed to national guidelines and experiments were approved by the
Institutional Animal Care and Use Committee (Federal University of Health Sciences of Porto
Alegre, Brazil, protocols 101/12-168/13 and 184/16-567/18).
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2.2 Stereotaxic surgery

The following experimental procedure is the same as previously published (Quagliotto
et al., 2008; Neckel et al., 2012; Quagliotto et al., 2012, 2015). Animals were anesthetized
using ketamine and xylazine (90 mg/kg and 10 mg/kg, i.p., respectively) and were
stereotaxically implanted with a cannula (0.6 mm of outer diameter, OD) 2 mm above the
MePD, according to the following coordinates: 3.3 mm posterior to the bregma, 3.6 mm lateral
to the sagittal suture and 6.3 mm below the dura-mater (Figure 2). An unilateral microinjection
was directed to the right MePD based on previous data that demonstrated modulation of
behavioral and cardiovascular activities by this hemisphere (Adamec & Morgan 1994; de
Castilhos et al. 2006; Quagliotto et al. 2008; Neckel et al., 2012; Quagliotto et al., 2015). Each
rat then received ketoprofen (3 mg/kg in 0.3 mL, i.p.), one injection per day along two days.

2.3 Experiment 1: Hemodynamic Study Procedure

Following five days, animals were anesthetized as aforementioned and had one
polyethylene catheter [PE-10 soldered to a PE-50, inner diameter (ID) 0.28 mm, Australia]
filled with saline (sterile NaCl 0.9%, pH= 7.4) and heparin placed into the abdominal aorta
and another into the inferior vena cava through the left femoral artery and vein, respectively.
Each catheter was tunneled subcutaneously and exteriorized at the back of the rat neck.
Gentamicin (2 mg/rat, i.m.) was injected at the end of this procedure. In the next day, the
arterial catheter was attached to a 40-cm polyethylene tube (PE-50, 0.5 mm of ID, Australia)
and a strain-gauge pressure transducer (P23 Db, Gould Statham, USA) was used for direct
hemodynamic measurements. Signals passed through a pre-amplifier (Hewlet-Packard 8805,
Puerto Rico) and were delivered to a microcomputer equipped with an analogic-to-digital
converter board (CODAS, 1 kHz, Dataq Instruments, USA). The recorded data were analyzed

on a beat-to-beat basis.

All rats of the control and experimental groups were subjected to the same recording
protocol. That is, after catheter connection to the transducer, rats were allowed to acclimate
to a Plexiglas recording box (25 x 15 x 10 cm) during 20 to 30 min while cardiovascular
parameters were being continuously monitored. Values of HR and AP were obtained during

the last 15 min of this period to provide basal “within group” and “between groups” data to be
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compared with the effects of microinjections in the MePD. All recordings occurred during the

morning (from 8 to 12 AM) to avoid unpredictable circadian variations in the results.

Immediately after these initial recordings, a microinjection needle (0.3 mm OD) was
introduced into and 2 mm below the intracerebral guide cannula. Animals were then randomly
assigned to one of the following experimental groups that were manually microinjected with:
1) vehicle (saline, 0.3 uL, n=7) as the control group; 2) VP 1 pg/0.3 uL or 100 pg/0.3 uL (n=
5 and 7, respectively), 3) SP 10 ng/0.3 uL or 100 ng /0.3 pL (n= 4 and 6, respectively); 4)
CCK 10 nM/0.3 pL or 100 nM/0.3 uL (n= 4 in both groups); and, L-Arg 2.87 nM/0.3 uL or 100
nM/0.3 uL (n= 4 and 5, respectively). All drugs were purchased from Sigma Chemicals Co.
(USA). The higher and lower values of VP, SP, CCK, and L-Arg proved to be effective in
inducing central effects when microinjected in different brain areas (Gaw et al., 1995;
Campese et al., 1997; Ahn et al., 2001; Ebner et al., 2005; Hatam et al., 2009; Paulis et al.,
2010a,b; Bosch and Neumann, 2012; Cerrato et al., 2012; Horii et al., 2012; Yogo et al.,
2012).

The microinjection procedure was monitored by the displacement of liquid and an air
bubble inside the catheter connected to a Hamilton microsyringe (2 uL, USA), lasted for 1
minute and the needle remained inside the cannula for an additional minute to avoid reflux.
After 4 min, new cardiovascular recordings were obtained and lasted for the next 15 min.
These MePD microinjections were done before testing baroreceptor- and the chemoreceptor-
mediated reflexes as well. Then, every rat received a total of three microinjections of each
substance assigned to its experimental group, as follows: one to test the MePD microinjection
effects on the HR and AP values, one before testing the baroreflex responses, and one before
testing the chemoreflex responses. The order for testing baroreflex or chemoreflex activities
was randomly chosen for each rat in all experimental groups. Obvious drug carrying-over
effects were avoided and new recordings were only started when hemodynamic values

returned to baseline levels and remained stable along the recording time.

2.3.1 Baroreflex and chemoreflex stimulation

Reflex responses were tested 5 minutes following each MePD microinjection.

Baroreflex-mediated changes were measured during peak increases or decreases in mean
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arterial pressure (MAP) after vena cava injection of a single dose of phenylephrine (8 pg/0.1
mL, Sigma Chemicals Co., USA) or sodium nitroprusside (100 pg/0.1 mL, Sigma Chemicals
Co., USA) dissolved in saline. For all rats these injections were made manually and at a
similar and appropriate infusion rate, leading to changes of MAP in the range of 10-30 mmHg
with no evident artifactual activations. Various data points served to compose sigmoidal
curves. All changes in MAP and HR were measured and baroreflex sensitivity was determined
by fitting the MAP and HR changes to a sigmoidal logistic equation, as follows:

HR=P1+P/[1+exp P3.(MAP-PJ)]

where P1 to P4 parameters mean: P1 = lower HR plateau (in bpm), P> = HR range between
upper and lower curve plateaus (delta HR, in bpm), P3 = a curvature coefficient which is
independent of range, and P4= MAP at half of the HR range (MAPso, in mmHg), which is also
the point for the calculation of the maximum gain. The upper plateau was calculated by the

sum of P1 and Po.

Chemoreflex sensitivity was tested under the same aforementioned methodological
conditions, but after the administration of increasing intravenous doses of potassium cyanide
(KCN: 60, 100, 140, and 180 ug/kg; Merck, Germany). Injected volumes ranged from 0.06 to
0.18 mL. Mean HR and MAP were measured continuously 10 s before and 15 s after each
injection of these KCN doses. Inter-injection interval for each dose of KCN was around 4 min
and a new dose was administered only when appropriate HR and MAP baseline had been

re-established.

2.3.2 Power spectral analysis and symbolic analysis

These analyses demonstrate the different components in the variability of the HR and
AP recordings and were applied to the results of the experimental groups as long as
technically possible. Power spectral analysis was applied to pulse interval (PI) and systolic
arterial pressure (SAP) series. Tachogram and systogram were created from AP signals
through the beat-to-beat Pl and SAP, respectively. Frequency domain analysis of HRV (pulse
interval variability) and AP variability (APV) were obtained with an autoregressive algorithm
on stationary sequences of 200 beats that were randomly chosen, but without artifacts, using

the stationary test based on very low oscillations quantification. Spectral estimation by AR
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model, using the residual theorem, provides central frequency and associated power with the
additional advantage that even with short segments of data they can provide a reliable
spectral resolution. HRV and APV correspond to total power spectrum of Pl and SAP.

The low-frequency (LF, 0.2-0.75 Hz) and the high-frequency (HF, 0.75-3.0 Hz) spectral
components of Pl and SAP were expressed in both absolute (ms2 and mmHg?, respectively)
and normalized units (NU). These NU were obtained by calculating the power of LF and HF
and correlating them to the total power without the very low frequency component
(frequencies that were < 0.2 Hz). This method estimated the center frequency and power of
each relevant oscillatory component and indicates the involvement of the central control of
the sympathetic/parasympathetic systems in the cardiovascular responses. The ratio
between LF and HF components (LF/HF) was considered as a synthetic expression of the
sympathovagal balance. The coherence between the Pl and the SAP variability was
assessed by means of a cross-spectral analysis. Alpha-index was obtained from the square
root of the ratio between the R-R interval and the SAP variability within the LF ranges and
was calculated only when the magnitude of the squared coherence exceeded 0.5 (range =0
to 1) in the LF band. Beat-to-beat values of the Pl and the SAP were used to estimate the
spontaneous baroreflex sensitivity using this alpha-index for the LF component. Finally, the
very low frequency (VLF) band corresponds to 0.0033 to 0.04 Hz and may represent various
physiological effects on HR, including the renin—angiotensin system, vasomotor tone, and
thermoregulation (Dantas et al., 2012 and references therein).

Symbolic analysis was applied on the same sequences of Pl and SAP data. This method
consisted in the scattering of the time series over 6 bins, each identified by a number (symbol)
from O to 5. Symbolic series is a sequence of symbols for each bin, converted into patterns
of 3 symbols. All possible 3 beats patterns are divided into 4 groups: (1) no variations (0V,
i.e., 3 identical symbols); (2) one variation (1V, 2 identical symbols and 1 different); (3) 2 like
variations (2LV); and, (4) 2 unlike variations (2UV). The 0V% is a marker of sympathetic
modulation, 1V pattern reflects sympathetic and parasympathetic modulations, 2LV pattern
indicates sympathetic and parasympathetic modulations with vagal predominace, and 2UV is

an exclusive marker of vagal modulation.
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2.4 Experiment 2: Volume Restriction Procedure

Procedures were done as described in Vilhena-Franco et al. (2016). Adult male rats
were maintained under standard laboratory conditions and were stereotaxically implanted
with an unilateral cannula in the MePD as above mentioned. For this experiments, rats were
maintained in individual standard metabolic cages for adaptation along 1 week with free
access to food and tap water. On the seventh day, animals were submitted to sterotaxic
surgery and returned to their cages. After six days, four groups were composed: two groups
received saline (0.3 uL, n=15) or glutamate (2 pug/0.3 pL, n=5) in the MePD, but continued to
have free access to water, other two groups received the same microinjection of saline (n=
5) or glutamate (n=4) in the MePD and were subjected to 24h water deprivation. Immediately
afterwards, all rats had access to volumetric bottles of water and water with NaCl (0.3M,
according to Vechiatto et al., 2016). Liquid was reintroduced and remained available for 180
min. Animals freely decided to drink one or other or both liquids. At the end of this period,
using volumetric burettes (in mL), the intake of water or the water plus NaCl were measured,

and urine samples were collected to determine the urinary volume.

2.5 Histological Procedure

At the end of the experiments, all rats were deeply anesthetized as aforementioned and
transcardially perfused with saline and 10% formalin solution (Experiment 1) or quickly
decapited (Experiment 2). Brains were sectioned 60 um-thick in a vibratome (Leica,
Germany) and stained with hematoxylin-eosin. The microinjection site was histologically
determined and compared to the images of an atlas (Paxinos and Watson, 2008). Only those
rats that had the microinjections directed to the MePD were considered for further analysis.
A representative microinjection site in the MePD is shown in Figure 1. Data from rats that
had intraparenchimatous hemorrhage, mechanical lesions in the MePD or microinjections
that damaged the stria terminalis (ST) were not included. Nevertheless, “non-target” groups
were also included to control for drug effects outside the intended area (n = 10 rats for each
microinjected substance). Cannulae and microinjections reached the vicinity of the MePD in

these “non-target” groups and their data served to evaluate possible effects of the tested
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drugs in other medial amygdala subnuclei, other adjacent amygdaloid nuclei, in the optic tract

or in the ventral basal ganglia, all structures close to the MePD.

2.6 Statistical Analysis

The basic requirements for the use of parametric analysis were assessed by the
Kolmogorov-Smirnov and Levene tests. After that, in Experiment 1, the values of HR, SAP,
diastolic AP (DAP), and MAP at basal conditions and the results of HR and AP evoked by the
chemoreceptor reflex response were submitted to a two-way analysis of variance (ANOVA)
test for repeated measures. Data obtained after the stimulation of the baroreflex were
analyzed using one-way ANOVA test. The Newman-Keuls post hoc test was used for multiple
comparisons. In addition, the normal distribution of the data from spectral and symbolic
analyses was determined by the Bonferroni confidence interval test. After that, the results
were analyzed using the one way ANOVA test followed by the Tukey test. When Gaussian
normality failed, a Kruskal-Wallis test on ranks and the Dunn’s test were performed. In
Experiment 2, data were compared between the control and glutamate microinjected groups
using the Kruskal-Wallis test followed by the Dunn test or by the Mann-Whitney test when
necessary to confirm significant differences. In all cases, the statistically significant level was

set a priori as P < 0.05.

3. Results
3.1 Experiment 1

Present results will focus on the MePD results. To be concise, the “non-target” control
data did not reproduce in any way the effects obtained in the experimental groups
microinjected with the different neuropeptides or with L-Arg in the MePD (ANOVA test, P >

0.05 in all cases; data not shown).

3.1.1 Hemodynamic Status

Basal hemodynamic values were within normal ranges for adult male rats recorded
under laboratory conditions. No relevant statistical difference was found in the HR, SAP, DAP
and MAP following microinjections of saline, VP, SP, CCK or L-Arg in the MePD (ANOVA
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test, P > 0.05 in all cases). There were no lasting effects of the microinjections in any
experimental group, which provided stable baseline recordings prior to the assessment of the
baroreflex and the chemoreflex responses (Table 1).

3.1.2 Effects of Baroreflex Activation

Reflex control of the HR was analyzed by fitting sigmoidal curves to different data points
of each animal. Mean values were calculated for each experimental group (Figure 2). There
was an overall statistical difference between groups in the maximum gain of the reflex
responses when the AP was increased by phenylephrine or decreased by sodium
nitroprusside [F(8,46) = 3.20, P = 0.007]. The post hoc comparisons revealed that the MePD
microinjection of SP (10 ng) promoted a significant increased in the gain, shifting the
barocurve to the left and to lower HR values when compared with the results from the saline
and SP (100 ng) microinjected groups (P < 0.01 in both cases). There were no statistically
significant differences for the MAP50 [F(8,46) = 0.57, P = 0.79], the HR range [F(8,46) = 1.89,
P = 0.08], the lower plateau [F(8,46) = 2.04, P = 0.07] and the upper plateau [F(8,46) = 1.92,
P = 0.08] between the experimental groups (Table 2).

3.1.3 Effects of Chemoreflex Activation

Data are shown in Figure 3. There was a statistically significant difference in the HR due
to the injection of the increasing doses of KCN [F (3,114) = 83.32, P = 0.01], between
experimental groups [F (8,114) = 2.60, P = 0.02], and in the interaction between these two
factors [F (24,114) = 2.68, P = 0.001]. The post hoc test showed that, compared with saline,
VP (100 pg), SP (10 ng), CCK (10 and 100 nM), and L-Arg (2.87 and 100 nM) microinjected
in the MePD led to a marked increase in the HR following KCN (100 pg/kg; P < 0.05 in all
cases; Figure 3A). CCK10 nM reduced HR values at KCN180 pg/Kg (P < 0.05, Figure 3A) No
other comparison showed a significant statistical difference between the experimental groups
and the control one (P > 0.05).

The values of MAP after the injection of the different doses of KCN were also statisticaly

significant [F (3,114) = 27.85, P = 0.01], but data did not differ between experimental groups
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[F (8,114) = 1.46, P = 0.20] nor due to the interaction between these two factors [F (24,114)
=1.17, P < 0.28; Figure 3B].

3.1.4 Power spectral analysis

Results are shown in Table 3. There were no statistically significant difference in the
SAP [F (8,45) = 2.18; p = 0.06], in the mean values of f.r, 1. [F (8,45) = 0.96; P = 0.48], in the
fur, 1z [F (8,45) = 0.81; P = 0.59], in the APV, mmHg? [F (8,45) = 2.18; P = 0.06] or in the HF,
mmHg? between the experimental groups [F (8,45) = 1.94; P = 0.08].

On the other hand, the HRV (in absolute ms? units) was different between groups
[F(8,45) = 3.42; P < 0.01] and the post hoc comparison showed that L-Arg (2.87nM) led to
lower values than the saline ones (P < 0.01). In addition, the LF (in absolute ms2 units),
presented a statistically significant difference between groups [F (8,45) = 2.67; P < 0.01] and
the post hoc test showed that SP (100 ng) promoted an increase in this parameter compared
to saline (P < 0.05). There was also an overall difference in the LF (in NU) [F (8,45) = 2.99; P
< 0.05] and the post hoc comparison showed that VP (both 1 and 100 pg) and SP (both 10
and 100 ng) promoted an increase in this parameter compared to saline (P < 0.05). LF (in
mmHg?) also showed a statistically significant difference between experimental groups
[F(8,45) = 2.68; P < 0.01] and VP (100 pg) induced higher values compared to saline ones
(P <0.01).

There was also an overall difference in the HF (in ms2 absolut units) [F (8,45) = 3.02; P
< 0.01] and the post hoc comparison showed that L-Arg (2.87 nM) led to an decrease in this
parameter compared to saline (P < 0.05). The HF (in NU) showed a statistically significant
difference between experimental groups [F (8,45) =3.54; p < 0.01]. The post hoc comparison
showed that VP (100 pg) and L-Arg (2.87nM) led to decrease values compared with saline (P
< 0.01 and P <0.05, respectively).

The VLF (in mmHg?2) showed a statistically significant difference between experimental
groups [F(8,45) = 3.33; P < 0.01]. The post hoc comparison showed that VP (100 pg), SP (10
ng), and CCK (100 nM) led to lower values than saline ones (P < 0.05).

The sympathetic/parasympathetic balance obtained from the alpha index (by Pl in bpm)

also showed a statistically significant difference between experimental groups [F (8,45) =
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2.33; P < 0.01]. Microinjections of VP (100 pg) and SP (100 ng) promoted higher values
compared to saline ones (P < 0.05). Alpha index (in ms/mmHg) showed a statistically
significant difference between experimental groups [F(8,45) = 432.0; P < 0.01] and VP (1 pg)
promoted higher values compared to saline data (P < 0.01).

3.1.5 Symbolic analysis

Results are presented in Table 4. The only statistically significant difference between
groups was a decrease in the 2LV pattern after CCK (100 nM) microinjection in the MePD
when compared to CCK (10 nM) or saline (P < 0.05 in both cases).

3.2 Experiment 2
3.2.1 Fluid Intake and Urinary Volume Data

There were statistically significant differences in the consumption of water (Kruskal-
Wallis test, P < 0.01) or water and NaCl (Kruskal-Wallis test, P = 0.01) between groups (Figure
4). Rats that received saline or glutamate in the MePD, but were not subjected to water
restriction, showed a similar low consumption of water or water plus NaCl during the test
period (Figure 4A and B, respectively; P > 0.05). Rats that were microinjected with saline had
a higher consumption of both water and water plus NacCl after hydric restriction (P < 0.05 in
both cases) compared to saline microinjected in rats with free access to water (Figure 4A and
B). However, rats that were microinjected with glutamate had a higher consumption of water
(P = 0.01; Figure 4A), but not a higher intake of water and NaCl (P = 0.73) compared to

glutamate microinjected in rats with free access to water (Figure 4B).

There was no statistically significant difference in the urinary volume between
experimental groups, neither during the period of free consumption of water nor after
reintroducing water following 24h of deprivation for the respective groups (P = 0.29; Figure
4C).
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4. Discussion

Our present data reinforce that the MePD is a relevant component of the central,
supramedullary network for the cardiovascular control and contributes to changes in reflex
responses rather than to basal HR and AP levels in awake rats (Quagliotto et al., 2008; Neckel
et al., 2012; Quagliotto et al., 2012, 2015). Our novel findings further indicate that the MePD
has an active role in the dynamic, reflex-induced changes of AP due to the
sympathetic/parasympathetic balance. These findings for the baroreceptor- and
chemoreceptor-mediated cardiovascular adjustments match with the evident presence and
indicate further functional implications for neuropeptides and NO synthesis in the MePD. It
also highlights the role of the MePD on the central control of hydroelectrolytic balance and
salt intake, as depicted below.

First, an inherent technical limitation for the present methodological is that the specific
diffusion rate for each of the substances microinjected into the MePD were not directly
evaluated. The average radius of drug diffusion was not estimated by virtue of comparing a
dye with distinct physicochemical properties with the microinjected drugs in Experiment 1. It
is assumed that substances can diffuse an average radius of 0.5 mm from the microinjections
point (Lohman et al., 2005). Then, itis also likely that the position of the guide cannula for the
microinjection let the substances spread from the medial border towards the neuropil of the
MePD (c.f., Quagliotto et al., 2008; Neckel et al., 2012; Quagliotto et al., 2015).

In agreement with Quagliotto et al. (2012, 2015), the MePD characteristically has long-
lasting effects (in the order of minutes) following local microinjections of classical
neurotransmitters and/or neuropeptides. Indeed, it is likely “that transmitter-mediated
excitatory, inhibitory, and/or disinhibitory mechanisms in the MePD can promote a flexible,
dose- and context-dependent ~ modulation of the central control of
sympathetic/parasympathetic output” (Quagliotto et al., 2012). In this sense, “We also
propose that the rat MePD is responsive to different neurotransmitters and neuropeptides that
code distinct synaptic inputs for specific fine-tunings of centrally mediated cardiovascular

reflexes and the dynamic display of behaviors in awake animals” (Quagliotto et al., 2015).

The functional neural network of ascending and descending projections, particularly with
respect to integrative processes occurring within the amygdaloid complex during arousal,

bring about complex responses in both sympathetic and parasympathetic modulatory
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activities on HR and vascular resistance (Turner et al., 1986). For example, in awake cats,
the electrical stimulation of the CeA induces an increase in vascular resistance in both the
femoral and mesenteric beds, but not in the renal vessels. The AP rises and the HR is
increased, initially by vagal withdrawal, and thereafter by enhanced sympathetic activity.
During the early phase of this response, baroreceptor reflex sensitivity is decreased (Turner
et al., 1986 and references therein). Indeed, it was previously reported that neuropeptides
microinjections in the MePD caused wide cardiovascular responses. l.e., oxytocin led to
higher absolute LF and HF power values likely due to an increased HRV itself and/or
associated with increased respiratory rate, somatostatin induced higher levels of HRV, LF,
and alpha index suggestive of a central sympathetic activation along with an increase in
baroreflex sensitivity, and AGII potentiated the chemoreflex-mediated decrease in HR
frequency likely involving a central parasympathetic effect (Quagliotto et al., 2015).

Moderate to abundant amounts of VP, SP, and CCK have been found in the cell bodies,
fibers, and terminals in the MeA subnuclei (Micevych et al. 1988; Oro et al., 1988; Malsbury
& McKay, 1994; Gloor, 1997; De Vries & Simerly, 2002; Singewald et al., 2008). Here, we
found that the MePD microinjections of VP, SP, CCK, and L-Arg, at both lower and higher
doses, affected reflex cardiovascular responses. VP affected chemoreflex response and
consistently enhanced the LF and the alpha index, both considered as an indicative of higher
central sympathetic responses. This agrees with the results of increased AP modulated by
VP on the sympathetic outflow from the bed nucleus of the ST (Hatam et al., 2009). SP
induced a dose-dependent effect and increased both the sensibility of the baroreflex and the
HR evoked by the chemoreflex as well as a sympathetic activation evidenced by the higher
LF and alpha index values. Dose-dependent and region-specific effects are described for the
SP actions (Singewald et al. 2008) and can induce anxiety-like responses when microinjected
in the MeA of rats (Bassi et al., 2014), likely involving cardiovascular changes as well. CCK
increased HR evoked by the chemoreflex and induced a reduction in VLF and 2LV. It is
difficult to isolate the actual role for the CCK in the MePD because these two latter parameters
can be affected by very different factors on the HR, such mixed sympathetic and
parasympathetic modulations with vagal predominace, respiratory pattern, and vasomotor
tone, for example (Dantas et al., 2012; Quagliotto et al., 2015 and references therein). L-Arg
also increased HR evoked by the chemoreflex, decreased both HRV and HF suggestive of a

reduction in the central parasympathetic activity. These data add to the fine-tuned
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neurochemical modulation of the MePD function on the central sympathetic/parasympathetic
functional organization and outflow to modulate the cardiovascular system following
peripheral reflex stimulation (Neckel et al.,, 2012). It is important to consider that
neurotransmitter/neuropeptide actions in the MePD depend on their concentration in the
extracellular space and the local neuro-glial network, which can be dynamically affected by
the integrated synaptic activity. Concomitant release of main neurotransmitters together with
neuromodulators depend on the firing pattern and calcium concentration inside the pre-
synaptic axon terminals, and the tonic or phasic activations of intra-amygdaloid or extra-
amygdaloid input connections. The present results can be expanded by testing the receptors

involved in these central responses and their interactions.

It is highly conceivable that the MePD can elicit cardiovascular adjustments according
to a contextual homeostatic and/or adaptive general in the context of emotional/social stimuli
processing (Dayas et al., 1999; Rasia-Filho et al., 2004; 2009). This kind of neural elaboration
can reflect in different synaptic inputs to the MePD, either changing the frequency and the
firing pattern of afferent axons or the origin of different arriving terminals with various
neurotransmtters and neuropeptides. This would explain the wide range of chemical
modulation existing in the MePD and its role in the phasic, reflex control of the cardiovascular
system. In addition, the MePD projections, directly or indirectly, reach the hypothalamic
periventricular zone that controls sympathetic and parasympathetic responses (Petrovich et
al., 2001) and to the NTS, a main brainstem nucleus where baroreceptors and
chemoreceptors connect to provide prompt reflex adjustments (Canteras et al., 1995,
Longhurst, 2003; Saha, 2005).

Furthermore, hydromineral homeostasis is a vital process in which the body liquid
compartments have their compostion and volume and osmolality strictly controlled by
integrated systemic mechanisms and behavioral displays (Dalmasso et al., 2015; Mecawi et
al. 2015; Vilhena-Franco et al., 2016). The animal model involving water deprivation increases
plasma osmolality and decreases its volume, inducing the release of counteracting hormones
such as VP and oxytocin, and the activation of the renin-angiotensin system to maintain
homeostasis (Antunes-Rodrigues et al., 2004; da Silveira et al. 2007; Vilhena-Franco et al.,
2016). The MePD is a natural candidate to module the responses to water deprivation as well
as water and water and salt intake due to both its relevant role in the AP and HR and the

presence and actions of local VP, oxytocin, and AGIIl. The MePD patrticipates in the response
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to the pharmacologically-induced AP reduction (Li e Dampney, 1994). Glutamate, the main
excitatory neurotransmitter, has a high production in the rat MeA (Hassel e Dingledine, 2006)
and would modulate the central responses following hydromineral challenge provoked by
water deprivation. The microinjection of glutamate in the MePD stimulates the central
sympathetic control of the cardiac function and hemodynamics, reducing the reflex decrease
of HR following AP increses, and stabilizing AP values in awake animals (Neckel et al., 2012).
Interestingly, as another novel finding for glutamate in the MePD, it reduced specifically the
water plus NaCl consumption following water deprivation in rats. This indicates that the MePD
also participates in the central control of salt appetite, reducing it, but maintaining thirst and
the volume of water intake after dehydration. This might serve to homestatically control blood
volume and AP without inducing high salt intake to indirectly expand the extracellular volume,
avoiding the possibility to increase the AP to the other extreme of hyperthension. This is a
new research line open to be proved by further experimental efforts.

In conclusion, the present work demonstrates that the MePD is relevant for the central
regulation of the baroreflex- and chemoreflex-induced cardiovascular responses by
promoting selective sympathetic/parasympathetic responses according to each neuropeptide
or nitrergic modulator acting in this brain area. These responses also involve the selection of
pure water or water and salt intake for homeostatic reasons. All of them modulate the
sympatho-vagal balance. Therefore, the MePD should not only be included in subcortical
networks that modulate emotional and social behaviors, but also the neuroendocrine,

hydromineral, and cardiovascular responses in awake rats.
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Legends

Figure 1. (A) Schematic representation of a matched coronal section of the rat brain to demonstrate
the location of the posterodorsal medial amygdala (MePD). Other amygdaloid nuclei are represented
by adjacent dashed areas, for which the reader is referred to the atlas of Paxinos and Watson (1998).
opt, optic tract; st, stria terminalis. (B) Photomicrography of a representative rat brain coronal section
approximately -2.8 mm posterior to the bregma to show the location of the cannula (*) implanted above
the MePD. Dashed lines represent the course of the microinjection needle, which caused a tiny
mechanical lesion (not shown in details). Scale bar= 1.5 mm. D, dorsal; L, lateral M. medial; V, ventral.
Adapted from Quagliotto et al. (2008).

Figure 2. Plots of the average values for the relationship between mean arterial blood pressure (MAP
in mm Hg) and heart rate (HR in bpm) using the logistic sigmoidal baroreceptor curve analysis. Data
were obtained from rats that received the microinjections in the posterodorsal medial amygdala of
saline (0.3 ul, n =7), vasopressin (VP; 1 pg/0.3 ul, n =5 or 100 pg/0.3 pul; n =7), substance P (SP; 10
ng/0.3 pul, n =4 or 100 ng/0.3 pl; n = 6), cholecystokinin (CCK; 10 nM/0.3 ul, n =4 or 100 nM/0.3 ul; n
= 4) or L-Arginine (L-Arg; 2.87 nM/0.3 ul, n = 4 or 100 nM/0.3 ul, n =5). Microinjection of SP (10 ng)
promoted a significant increased in the gain, shifting the barocurve to the left and to lower HR values
when compared with the results from the saline and SP (100 ng) microinjected groups (P < 0.01 in
both cases.

Figure 3. (A) Changes (A) in heart rate (HR, values are mean + standard deviation) in response to
increasing doses of potassium cyanide (KCN). Experimental groups were microinjected saline (0.3 pl,
n =7), vasopressin (VP; 1 pg/0.3 ul, n =5 or 100 pg/0.3 ul; n = 7), substance P (SP; 10 ng/0.3 pul, n =
4 or 100 ng/0.3 ul; n = 6), cholecystokinin (CCK; 10 nM/0.3 ul, n =4 or 100 nM/0.3 ul; n = 4) or L-
Arginine (L-Arg; 2.87 nM/0.3 pl, n =4 or 100 nM/0.3 pul, n =5) into the right MePD. * P < 0.05 compared
with the 100 pg/kg and 180 pg/kg KCN in the control group. **P < 0.01 compared with the effect
evoked by KCN at 100 ug/kg when compared to the control group (two-way ANOVA for repeated
measures and Newman-Keuls post hoc test). (B) Changes (A) in mean arterial pressure (MAP, values
are mean + standard deviation) in response to increasing doses of potassium cyanide (KCN).
Experimental groups are the same as in (A). No statistically difference was found between groups (P
> 0.05).

Figure 4. Values (median and interquartile ranges, dots represent the result from each rat in each
experimental group) of the volume (in mL) for the consumption of (A) water, (B) water and NacCl
(0.3M), and (C) urinary excretion in adult male rats (n= 4-5/group). Animals were microinjected in the
posterodorsal medial amygdala (MePD) with saline (0.3 pL) or glutamate (2 ug/0.3 pL) and were
subject to standard laboratory conditions or to water deprivation (WD) for 24h. Rats microinjected in
the MePD, but not submitted to WD, had a similar low consumption of water or water and salt (P >
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0.05). There was a statistically significant increase in the consumption of water or water and salt after
WD in rats microinjected with saline in the MePD (P < 0.05 in both cases). Rats that were microinjected
with glutamate in the MePD had a higher consumption of water (P = 0.01), but not a higher intake of
water and NaCl (P > 0.7) compared to glutamate microinjected in rats with free access to water. No
statistically significant difference was found for the urinary volume between experimental groups (P >
0.2).

Table 1. Values are means + standard deviation (SD). Basal hemodynamic data obtained before
(“control” data) and “after” (test data) microinjections in the rat posterodorsal medial amygdala of
saline (0.3 ul, n =7), vasopressin (VP; 1 pg/0.3 ul, n =5 or 100 pg/0.3 ul; n =7), substance P (SP; 10
ng/0.3 ul, n =4 or 100 ng/0.3 ul; n = 6), cholecystokinin (CCK; 10 nM/0.3 ul, n =4 or 100 nM/0.3 pl;
n = 4) or L-Arginine (L-Arg; 2.87 nM/0.3 ul, n = 4 or 100 nM/0.3 pl, n =5). SAP, systolic arterial
pressure; DAP, diastolic arterial pressure; MAP, mean arterial blood presssure; HR, heart rate. No
statistically significant differences were found when comparing data between experimental groups.

Table 2. Plots of the average values for the relationship between mean arterial blood pressure (MAP
in mm Hg) and heart rate (HR) using the logistic sigmoidal baroreceptor curve analysis. Data were
obtained from rats that received the microinjections in the posterodorsal medial amygdala of saline
(0.3 ul, n=7), vasopressin (VP; 1 pg/0.3 ul, n =5 or 100 pg/0.3 ul; n = 7), substance P (SP; 10 ng/0.3
ul, n =4 or 100 ng/0.3 ul; n = 6), cholecystokinin (CCK; 10 nM/0.3 ul, n =4 or 100 nM/0.3 ul; n = 4)
or L-Arginine (L-Arg; 2.87 nM/0.3 ul, n = 4 or 100 nM/0.3 ul, n =5). Data were submitted to the one-
way ANOVA test and the Newman-Keuls post hoc test. *P < 0.01 when compared to saline. TP <
0.05 when compared to SP at the doses of 10 ng.

Table 3. Cardiovascular parameters (values are means + S.D.) of power spectral analysis calculated
from sampled data of rats that received microinjections in the posterodorsal medial amygdala of saline
(0.3 ul, n=7), vasopressin (VP; 1 pg/0.3 ul, n =5 or 100 pg/0.3 ul; n = 7), substance P (SP; 10 ng/0.3
ul, n =4 or 100 ng/0.3 ul; n = 6), cholecystokinin (CCK; 10 nM/0.3 ul, n =4 or 100 nM/0.3 ul; n = 4)
or L-Arginine (L-Arg; 2.87 nM/0.3 pul, n = 4 or 100 nM/0.3 ul, n =5). HRV, heart rate variability; fir,
central low frequency; fug, central high frequency; VLF, very low frequency power; LF, low frequency
power; HF, high frequency power; APV, arterial pressure variability. Data were submitted to the one-
way ANOVA test and the Tukey post hoc test or the Kruskal-Wallis test and the Dunn’s post hoc test.
*P < 0.05 when compared to saline. **P < 0.01 when compared to saline. 1P < 0.05 when compared
to VP at the dose of 1 pg.

Table 4. Power spectral analysis of cardiovascular parameters in awake rats Cardiovascular
parameters (values are means + S.D.) of symbolic analysis calculated from sampled data of rats that
received microinjections in the posterodorsal medial amygdala of saline (0.3 ul, n = 7), vasopressin
(VP; 1 pg/0.3 ul, n =5 or 100 pg/0.3 pl; n = 7), substance P (SP; 10 ng/0.3 pl, n =4 or 100 ng/0.3 pl;
n = 6), cholecystokinin (CCK; 10 nM/0.3 pl, n =4 or 100 nM/0.3 pl; n = 4) or L-Arginine (L-Arg; 2.87
nM/0.3 ul, n =4 or 100 nM/0.3 ul, n =5). Data were submitted to the one-way ANOVA test and the
Newman-Keuls post hoc test. *P < 0.05 when compared to saline. 1P < 0.01 when compared to CCK
at the doses of 10 nM.
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Figure 3
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Figure 4
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Table 1. Baseline hemodynamic status

59

SAP, mmHg DAP, mmHg MAP, mmHg HR, beats/min

Groups Control After Control After Control After Control After
Saline 136 £ 9.0 131.0x12.7 90.1+4.6 89.5+9.3 111.6 +5.6 109.0+10.1 360.2 £ 29.3 350.7 £ 31.9
VP 1 pg 127.8+6.0 127.3+6.9 87957 87.8+7.43 107.2+5.3 106.9+7.0 389.4+25.6 386.8+4.6
VP 100 pg 124.6 + 10.9 122.6 +14.2 89.9 +10.9 89.7+145 106.5+10.4 105.6 + 14.4 386.1+33.5 380.6 + 47.6
SP 10 ng 136.4 +8.1 130.8 £ 12.0 90.1+ 6.8 88.7+7.0 111.6+7.1 108.6 + 8.9 391.0+51.1 364.5 + 33.7
SP 100 ng 126.4 + 3.8 127.9+7.6 845+55 89.1+9.1 105.0+2.3 107.8 + 8.0 384.2+33.0 412.8 £ 60.5
CCK 10 nM 132.6+5.9 130.6 + 8.3 849+22 84.4+6.7 108.7+2.9 107.3+7.1 410.6 +18.9 396.6 + 39.8
CCK 100 nM 1349+4.0 131.9+35 84.1+0.9 81.9+3.7 108.6 + 2.3 105.8+3.4 373.6+16.4 371.3+£5.7
L-Arg 2.87 nM 132.4+6.9 133.3+7.9 90.1+1.6 93.1+59 109.8 + 3.2 111.6 +5.3 420.1 +30.1 437.0 £ 53.7
L-Arg 100 nM 125.8 +6.7 126.8+5.4 87.7+£5.1 875+53 105.8+2.4 106.1+ 4.6 362.0 £ 35.2 371.6 +37.8




Table 2. Effect of microinjections on baroreflex curve parameters in awake rats

Groups Upper plateau, bpm Lower plateau, bpm HR range, bpm Maximum gain, bpm.mint.mmHg*

Saline 470.6 £9.5 309.3+27.8 161.2 + 30.3 -8.3+3.9

VP 1 pg 555.9+72.3 347.0£82.2 208.8 £ 47.9 -4.8+0.8

VP 100 pg 513.2 £ 66.7 323.4£49.9 189.7+x72.1 -8.2+6.3

SP 10 ng 486.9+4.4 375.4£335 111.4+31.0 -22.6 £ 18.8**

SP 100 ng 5275+ 33.1 375.4+33.5 173.2+41.1 -8.5 +3.5¢

CCK 10 nM 549.1+74.4 284.0 + 98.3 265.1+171.0 -3.4+0.3

CCK 100 nM 494.9 + 38.9 308.0 +£13.5 186.9 + 36.4 -3.79 £ 0.75

L-Arg 2.87 nM 525.5+32.9 387.5+21.8 137.9+36.2 -10.9+5.9

L-Arg 100 nM 585.5+128.9 277.6 +96.4 307.8 +£218.2 -6.7+29
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Table 3. Power spectral analysis of cardiovascular parameters in awake rats
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Measurement

Saline VP 1 pg VP 100 pg SP 10 ng SP 100 ng CCK 10 nM CCK 100 nM L-Arg 2.87 nM L-Arg 100 nM

HRV, ms? 26.74 +11.48 35.66 +12.23 21.45 +13.11 26.50 +7.96 39.83 +13.38 22.30+11.34 19.98 +6.04 6.22 + 4.71* 25.41 £11.99
fLF, 12 0.52+0.14 0.46 +0.18 0.40+0.11 0.40+0.14 0.45+0.15 0.54 +0.15 0.45+0.14 0.56 +0.11 0.46 £ 0.10
LF, ms? 1.51+1.03 8.35+6.73 441 +3.26 6.53+5.17 8.09 + 8.12* 1.09+0.75 2.00 £ 1.05 0.52+0.27 2.28+1.27
LF, NU 8.84 +2.88 28.04 + 15.16* 27.59 +14.17* 28.52 + 8.96* 26.12 + 19.38* 9.11+3.36 14.14 + 6.60 15.90 + 2.29 16.90 + 7.09
frF, He 1.88+£0.19 1.68+0.23 1.81+£0.26 1.77 £0.19 1.81+£0.29 1.94+0.17 1.79+0.11 191+0.14 1.69+0.20

HF, ms? 14.67 + 9.45 17.70 £ 6.74 9.19+5.16 14.15 + 6.98 19.52 +7.74 8.73+4.27 11.97 + 3.69 213+ 1.45* 11.26 + 5.08

HF, NU 90.12 £ 2.25 70.15 £ 17.39 60.44 + 16.21** 71.49 £ 8.96 69.25 * 20.46 80.56 + 12.76 83.32 £4.45 60.51 + 16.31* 81.41 + 10.52
LF/HF 0.10+0.03 0.46 £ 0.34 0.52 + 0.32* 0.42+0.17 0.51 +0.53* 0.12 + 0.06 0.17 £ 0.09 0.28+0.11 0.21+0.12
APV, mmHg? 7.64+2.63 5.49 + 2.50 16.08 +9.18 4.80+0.94 14.46 + 8.30 9.10 + 3.66 10.39 +5.19 8.66 + 2.39 11.51 +8.36
VLF, mmHg? 4.81+3.44 2.81+2.28 0.88 + 0.15* 0.39 + 0.45* 5.71+4.10 418+ 2.86 0.36 + 0.67* 194+191 1.61+1.77
LF, mmHg?2 1.73+1.43 154 +152 9.30 + 5.78* 3.30+0.92 5.38+4.01 292+1.32 7.56 +5.19 3.37+1.86 7.50+7.38
HF, mmHg? 1.11+0.48 1.13+0.381 5.87 +5.53 1.09+0.15 3.25+3.39 1.88+0.94 242 +0.70 3.27+2.19 240+1.92
Alpha index, ms/mmHg 1.17+0.381 3.40 + 2.61* 0.74+0.72% 1.39+0.68 1.20+0.27 0.64 + 0.36 0.57+0.26 0.44+0.22 0.65+0.64




Table 4. Symbolic analysis of cardiovascular parameters in awake rats
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Measurement Saline (7) VP 1pg (5) VP 100 pg (7) SP 10 ng (4) SP 100 ng (6) CCK 10 nM (4) CCK100nM (4) L-Arg2.87nM (4) L-Arg 100 nM (5)
0V % pattern 14.82 +12.74 10.86 + 6.07 11.45+11.70 12.26 £ 5.78 13.21 £5.72 26.21 +17.44 12.72 £ 4.27
1V % pattern 38.58 +7.33 42.45 +5.87 38.68 + 5.46 42.20 £ 4.97 42.00 + 5.50 41.35+2.21
2LV % pattern 8.62 +2.89 12.83+7.45 9.90 £ 2.40 10.73+1.88 11.80 +5.81 16.23 + 5.33*t 11.10 + 4.31
2UV % pattern 37.98 £7.43 33.86 + 6.60 39.97 £10.72 34.82 £8.27 33.00£5.73

34.83 £ 5.65
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4. DISCUSSAO

Os resultados do presente estudo reforcam que o MePD é um
componente relevante da circuitaria que integra o controle cardiovascular e
contribui nas respostas reflexas de FC e PA em ratos ndo anestesiados com livre
deambulacéo (Quagliotto et al., 2008; Neckel et al., 2012; Quagliotto et al., 2012,
2015). Nossos novos achados indicam ainda que o MePD tem um papel ativo
nas alteragbes dinamicas induzidas por reflexos da PA devido ao balanco
simpéatico/parassimpatico. Esses achados sobre as adaptacdes
cardiovasculares mediadas por barorreceptores e quimiorreceptores indicam
implicagbes funcionais para diferentes moduladores quimicos no MePD.
Também destaca o papel do MePD no controle central do balanco
hidroeletrolitico e do consumo de sal. Os comentarios a seguir visam
complementar a interpretacéo dos dados, sem ser redundante, apresentada no

artigo cientifico acima.

Confirmando dados de Quagliotto at al. (2008, 2012, 2015) com
neurotransmissores classicos e neuropeptideos no MePD, tal estrutura,
caracteristicamente, apresenta efeitos de longa duracao (na ordem dos minutos)
apO6s microinjecbes de neurotransmissores ou neuropeptidios. De fato, €
provavel que 0s mecanismos excitatorios, inibitérios e/ou desinibitorios
mediados por transmissores no MePD possam promover uma modulacao
flexivel do controle central do simpatico/parassimpatico, dependente de dose e
ambiente onde se encontra o animal (Quagliotto et al., 2012). O MePD pode
responder a muitos e diferentes neurotransmissores e neuropeptideos por
codificam demandas sinapticas distintos para ajustes especificos de reflexos
cardiovasculares de forma concomitante a comportamentos em ratos em vigilia
(Quagliotto et al., 2015). Isso se correlaciona com a ampla variedade de
comportamentos sociais que o MePD modula em ratos, como discutido
anteriormente. Ademais, a rede neural que integra informacfes que ocorrem no
complexo amigdaléide modifica a FC e a resisténcia vascular. Em situacfes de
estresse, por exemplo, o estimulo estressor chega ao SNC apos aferéncias dos

orgaos dos sentidos e a resposta a esses estimulos é integrada pelo MePD, o
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qgual funciona como um gatilho para as respostas hipotalamicas de secrec¢éo
neuroenddcrina (Dayas et al., 1999). O MePD também pode promover ativacao
do eixo hipotalamo-pituitério-adrenal (HPA), que por sua vez secreta horménio
adrenocorticotréfico (ACTH) pela adeno-hipdéfise atuando sobre a regido cortical
das glandulas suprarrenais promovendo a liberac&o de glicocorticoides que s&o
extremamente importantes para a adaptacéo ao estresse (Raglan et al., 2017).
Ou seja, o0 MePD pode ndo s6 gerar modulacdo das respostas reflexas
cardiovasculares como também integrar-se nos circuitos neurais de respostas
adaptativas ao contexto do animal e sua sobrevivéncia. Esse deve ser um dos
fatores principais para que mais do que um transmissor quimico possa atuar

nesta regiao subcortical.

Seguindo neste raciocinio e tomando-se a “amigdala expandida” com
seus componentes, onde se encontra o MePD, ratos anestesiados submetidos
a estimulacdo elétrica do CeA apresentaram reacdes bradicardicas e
hipotensoras (Mogenson and Calaresu, 1973) ou reducbes pressoricas e de
fluxo sanguineo em leitos vasculares como renal e mesentérico (Galeno and
Brody, 1983). N&o obstante, a estimulacédo do CeA apresenta um efeito maximo
em animais acordados, mas estados de sono ou sob efeito de anestésicos as
respostas sdo atenuadas ou mesmo abolidas, mostrando que a relagdo do
animal com seu ambiente e as demandas sinapticas decorrentes disso
apresentam grande influéncia sobre as respostas cardiovasculares moduladas
pelo CeA (Galeno & Brody, 1983; Yamanaka et al., 2017). De fato, em animais
acordados, a microinjecdo de L-glutamato no CeA provocou elevacao de PA e
FC, bem como aumento da atividade elétrica local (lwata et al., 1987). Tais
adaptacdes pressoricas e de FC sao decorrentes da atividade de neurdnios
locais e ndo a fibras de passagem (lwata et al., 1987). No CeA, ha aumento
pressorico relacionado com taquicardia apds sua estimulacéo elétrica ou apos
microinjecao local de antagonista dos receptores GABAa (bicuculina; Yamanaka
et al., 2017). J& outras regibes do complexo amigdaliano e fora da divisdo
‘expandida”, como € o0 caso da ABL, quando estimuladas, exibiram
manifestacdes hipotensoras e bradicardicas variadas (Yamanaka et al., 2017).
Em conjunto, esses dados indicam que a modulacdo central da atividade

cardiovascular executada pelos nucleos amigdalianos é dependente de cada
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regido anatomica, suas aferéncias e eferéncias, dos comportamentos com 0s
guais se relacionam e com o tipo de abordagem experimental utilizada para

estudo (Yamanaka et al., 2017).

E notavel que no MePD podem ser encontradas VP, SP, CCK e L-Arg
(Herbert et al., 1990, Kakinoki et al., 1998, Jones et al., 1999, Matsumura et al.,
1999, Averill and Diz, 2000, Dampney et al., 2002, Yilmazer-Hanke et al., 2003,
Jiang et al., 2005, Lacka and Czyzyk, 2008, Szczepanska-Sadowska, 2008,
Pyner, 2009, Shirasu et al.,, 2011). Poucos dados tém sido adicionados a
literatura nos Ultimos anos referentes as acdes de neuromoduladores ou
neurotransmissor gasoso retrégrado, tais como esses mencionados, nos nucleos
amigdalianos e para estudo concomitante da atividade cardiovascular. Isso torna
os dados presentes como contribuicdo significativa a esse campo de

investigacao.

Recentemente alguns dados foram adicionados a literatura sobre o
papel das substancias aqui testadas quando microinjetadas em diferentes
nucleos. Conforme Griffths et al. (2017), o bulbo rostral ventro-lateral (RVLM)
participa do controle central cardiovascular ao modular a PA apds microinjecéo
bilateral de [Pyrl] apelina-13, que é dependente da ativacéo do receptor VP Vla.
Assim, microinjeccao bilateral de [Pyrl] apelina-13 no RVLM de ratos aumentou
a PA e o tdnus vasomotor simpatico avaliado indiretamente pela analise
espectral da PA. Por outro lado, o bloqueio dos receptores AT1, OT, glutamato
ou GABA no RVLM nédo tem efeito sobre a resposta pressora e

simpatoexcitatoria induzida pela [Pyrl] apelina-13.

Por sua vez, o papel da SP nas respostas centrais relacionadas ao
estresse foi detalhado com estudos neuroanatdmicos mapeando a expressao
dos receptores SP e NK1 em circuitos neurais envolvendo a amigdala, o
hipotalamo, o hipocampo e o substancia cinzenta periaquedutal (Bassi et al.,
2014). A concentracdo de SP € alterada nessas regides em resposta a
estimulacdo aversiva. Por exemplo, a separacdo materna em cobaios causa a
liberacdo de SP na amigdala como um todo, respostas de estresse avaliadas por
moficacdo cardiovascular e comportamental. Além de seus efeitos nas regides
limbicas, a SP também tem relacdo com a atividade monoaminérgica central

(Bassi et al., 2014). Para a CCK, Vazquez-Ledn et al. (2018) deomonstrou a
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inducdo de comportamento ansiolitico em ratos apés a microinjecdo de CCK-8
na substancia cinzenta periaquidutal em sua por¢ao dorso-lateral. Da mesma
forma, quando a microinjecdo de CCK-8 ocorreu na porgao ventro-lateral dessa
estrutura, o0s comportamentos similares a ansiedade diminuiram
significativamente. Isso poderia sugerir que a CCK poderia reduzir respostas
centrais de aumento da atividade simpética nessas condi¢cdes, embora esses
dados ndo tenham sido estudados concomitantemente (Vazquez-Leon et al.,
2018). NO (sintetizado a partir da L-Arg) estd aumentado no bulbo ventro-lateral
caudal (CVLM) durante a hipertensao arterial (Castro, 2010). Esses niveis
elevados de NO parecem ter uma funcao inibitéria sobre os neurdnios da CVLM,
contribuindo para o desenvolvimento e/ou manutencdo da hipertenséo
renovascular e para a baixa sensibilidade do barorreflexo que ocorre nessa
condicao (Castro, 2010). Novamente, cada efeito parece depender da estrutura
onde esta sendo testado cada efeito e pode ser diferente de acordo com o
modelo experimental empregado. Os resultados aqui obtidos acrescentam o
MePD na lista de regides neuroanatomicas do controle central cardiovascular e
das varias possibilidades de resposta medida por diferentes transmissores

guimicos.

Por fim, a homeostasia hidroeletrolitica € um processo vital em que a
composicao, o volume e a osmolaridade dos liquidos corporais tem um papel
importante para a manutencdo da vida em que pese a volemia, a atividade
celular dependente de ions difusiveis e todos os mecanismos de controle na
secrecdo neuroendocrina de VP e AGII (Imai et al.,1989; Toney et al., 2003;
Brooks and O’Donaughy, 2005; Antunes et al., 2006) e na génese e controle de
diferentes comportamentos como o de sede e da saciedade na ingestéo hidrica
e/ou no apetite por sal (Dalmasso et al., 2015; Mecawi et al. 2015; Vilhena-
Franco et al., 2016). Modelos animais que envolvem retracdo da volemia,
partindo do modelo de restricdo hidrica, culminam no aumento da osmolaridade
plasmatica, induzindo a liberacdo de horménios, como a VP e OT, e a ativacéo
do sistema renina-angiotensina-aldosterona (Antunes-Rodrigues et al., 2004; da
Silveira et al. 2007; Vilhena-Franco et al., 2016). Adicionalmente, estudos
sugerem que a osmolaridade plasmatica exerca participacdo direta na

modulacdo da atividade simpética e na regulacdo da PA (Toney et al., 2003;
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Brooks et al., 2005). Areas livres de barreira hematoencefalica, como o 6rgéo
subfornical e o 6rgéo vasculoso da lamina terminal, por exemplo, seriam capazes
de detectar alteracbes osmoéticas plasmaticas causando aumento da resposta
simpética, liberacdo de VP e elevacdo da PAM (Hoffman et al., 1977). Pela
primeira vez se demonstra que o MePD modula respostas a restricdo hidrica,
assim como no consumo de agua e agua e NaCl, ambos com funcéo importante

também sobre a PA e a FC.
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5. CONCLUSOES

O MePD tem papel relevante no controle central cardiovascular quando das
respostas reflexas apos estimulacéo dos barorreceptores e quimiorreceptores, com
acdo seletiva nas respostas simpética e/ou parassimpatica, e o0 balanco
hidroeletrolitico para homeostasia da composicéo e volume extracelular.

A microinjecdo de VP no MePD aumenta a atividade simpatica central. SP
modula ambas as respostas barorreflexa e quimiorreflexa e aumenta a atividade
simpética central. CCK e L-Arg modulam a resposta quimiorreflexa, mas,
envolvendo a atividade nitrérgica local, reduz a atividade parassimpatica central.

A microinjecdo de glutamato no MePD ap0ls restricdo hidrica permite a
ingestdo de agua quando disponibilizada para os animais, mas impede maior

ingestéo de agua e sal.
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6. PERSPECTIVAS

Estudos futuros devem ser feitos para determinar os receptores para VP,
SP e CCK envolvidos nas respostas promovidas no MePD.

Deve-se avaliar a resposta de liberagdo hormonal por modulagdo
neuroenddcrina (como por exemplo, os niveis plasmaticos de AGIIl, OT, VP e
peptideo atrial natriurético) ap6s microinjecao de glutamato no MePD no modelo de
restricao hidrica.

Por fim, estudar o papel do MePD no controle central cardiovascular em

resposta a expanséao da volemia.
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cardiovascular por acdo local de diferentes neurotransmissores e neuropeptidios. O glutamato,
principal neurotransmissor excitatério, tem alta expressdo em células, axénios de passagem e
terminais sindpticos na amigdala medial de ratos. Entretanto, ainda ndo se sabe sobre o papel
especifico da AMePD de ratos no controle da funcdo renal para excrecdo hidroeletrolitica, na
modulac¢do da excrecdo neuroenddcrina para controle hemodinamico sistémico ou na influéncia
glutamatérgica nesse processamento.

Ratos Wistar adultos serdo adaptados e mantidos em gaiolas metabdlicas individuais.
Inicialmente, serdo estudados dois grupos que servirdo como controle geral: 1) controle geral
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expansao da volemia serdo utilizados 18 grupos experimentais. Ao animais serdo submetidos a
cirurgia estereotaxica para implantacdo de canula na AMePD direita como guias para
microinjecdes centrais de glutamato e salina. Também serdo submetidos a canulagdo vascular
via veia jugular externa direita. Serdo compostos 2 grupos controle para esse modelo: 1)
microinje¢do central de salina sem expansdo volémica e 2) microinje¢do central de glutamato
sem expansao volémica. Em um periodo de 10 min apds a microinje¢cao na AMePD, a expansao
da volemia sera realizada através da inje¢do intravenosa de solugdo hipertdnica ou isotonica nos
animais. Desta forma serdo constituidos 4 grupos: 1) microinje¢do de salina e expansdo volémica
isoténica; 2) microinjecdo de salina e expansdo volémica hipertbnica; 3) microinjecdo de
glutamato e expansdo volémica isotdnica e 4) microinje¢do de glutamato e expansdo volémica
hipertonica. A excre¢do de sddio e o volume urinario serdo dosados e comparados entre os
grupos experimentais ao longo das préximas 2h de experimento. Doze novos grupos de animais
serao submetidos aos mesmos procedimentos de cirurgia estereotdxica, canulagao de veia
jugular externa direita, microinjecao central e expansao da volemia. Entretanto nao serao
avaliados quanto a excregdo urinaria, pois serao submetidos a decapitagdo nos tempos de 5 e
40 min. apds a expansao volémica. Ou seja, o0 mesmo procedimento descrito para os seis
grupos experimentais serd feito para estudar os niveis plasmaticos de ocitocina, vasopressina
, peptideo atrial natriurético e angiotensina Il em dois momentos diferentes para estabelecer
minimos pontos de referéncia para o estudo do padrao de secre¢ao hormonal e os valores de
excregao urinaria.

No modelo de restricdo hidrica serdo utilizados 12 grupos de animais estudados em gaiola
metabdlica. Os procedimentos serdo os mesmos da cirurgia estereotdxica, mas ndo havera
canulagdo venosa. Dois grupos servirdo como controle: 1) microinjetados com salina sem
restricdo hidrica de 24h e 2) microinjetados com glutamato sem restrigao hidrica de 24h. Dois
outros grupos serdao mantidos em suas gaiolas metabdlicas individuais com livre acesso a
comida, porém privados de agua 24h antes da microinje¢ao de salina ou glutamato na ANePD
e formardo os grupos: 3) microinjetados com salina para servir como controle e 4)
microinjetados com glutamato. Imediatamente apds, os animais receberdo agua e solugdo de
NaCl em buretas volumétricas separadas e serdo avaliados os volumes consumidos aos 20, 40,
60, 80, 100, 120, 150 e 180 min apds a microinjecao e a oferta de liquidos. Oito novos grupos
serdo submetidos. Por fim, os animais serao decapitados, sangue troncular sera coletado e os
niveis plasmaticos de ocitocina, vasopressina, peptideo atrial natriurético e angiotensina Il
serdo mensurados. Cada rato fornecera plasma para todas as dosagens hormonais e os dados
serdo comparados entre os grupos experimentais.

6) OBJETIVOS DO PROJETO:

Estudar a participacdo da atividade glutamatérgica na AMePD em dois modelos experimentais
gue envolvem funcdo hemodinamica, renal e regulacdo eletrolitica:

Rua Sarmento Leite, 245 ¢ Porto Alegre, RS ¢ CEP 90050-170 ¢ Fone: 0 xx 51 3303 9000 * Fax: 0 xx 51 3303.8810 ¢ www.ufcspa.edu.br



REPUBLICA FEDERATIVA DO BRASIL
MINISTERIO DA EDUCAGAO

UFCSPA

UNIVERSIDADE FEDERAL DE CIENCIAS DA SAUDE DE PORTO ALEGRE

1) em resposta a expansdo da volemia (isotonica ou hipertdnica) avaliando-se a fung¢do renal
natriurética e a modulacdo neuroenddcrina da liberacdo de ocitocina, peptideo atrial
natriurético, vasopressina e angiotensina Il induzidas por tal procedimento

2) utilizar o modelo de restricdo hidrica de 48h para verificar a participagdo da AMePD no
processo comportamental de ingestdo de agua e NaCl, além da secre¢do dos hormonios acima
descritos

7) FINALIDADE DO PROJETO: Ensino X | Pesquisa

8) ITENS METODOLOGICOS E ETICOS DO PROJETO:

Titulo X | Adequado Comentarios
Introducéo X | Adequada Comentarios
Objetivos X | Adequados Comentarios
Relevancia e Justificativa X | Adequados Comentarios
Materiais e Métodos X | Adequados Comentarios
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Cronograma para execugao da pesquisa | X | Adequado Comentarios
Orgamento e fonte financiadora X | Adequados Comentarios
Referéncias Bibliograficas X | Adequadas Comentarios
9) O PROJETO ESTA ADEQUADO A LEGISLACAO VIGENTE:
X | Sim N&o
10) INFORMAGCOES RELATIVAS AOS ANIMAIS:
Grau de dor/estresse: B C D E
Justifique:
Espécie:  Wistar NUumero Amostral: 512
Reducgdo Amostral: X | Sim N&o

Justifique:
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O referencial bibliografico utilizado no planejamento estatistico aponta chance de perda de
50% dos animais ao longo do experimento. Considerando essa informacado e partindo do
numero amostral de 256, calcula-se a necessidade de 384 animais. Ajustar esta informacao
nos itens 9.2 e 9.4 do formuldrio unificado.

Substituicdo de Metodologia: Sim X | Néo

Se achar necessdrio, justifique e sugira uma nova metodologia:

Aprimoramento da Metodologia: Sim X | Nao

Se achar necessdrio, justifique e sugira aprimoramentos da metodologia:

Acomodacgédo e manutenc¢do dos animais: X | Adequada Inadequada

Se achar inadequada cite abaixo as melhorias necessdrias:

Manipulagdo dos animais: X | Adequada Inadequada

Se achar inadequada cite abaixo as melhorias necessdrias:

Analgesia dos animais (se aplicavel): X | Adequada Inadequada

Se achar inadequada cite abaixo as melhorias necessdrias com analgésico substituto:
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Anestesia dos animais (se aplicavel): X | Adequada Inadequada

Se achar inadequada cite abaixo as melhorias necessdrias com anestésico substituto:

Eutanasia dos animais (se aplicavel): X | Adequada Inadequada

Se achar inadequada cite abaixo as melhorias necessdrias com metodologia substituta:

Local de Realizacéo (Biotério/Labotarorio): Laboratorio de Fisiologia UFCSPA e Laboratério
de Fisiologia USP — Ribeirdo Preto

Outra instituicdo. Qual? Universidade de Sao Paulo (USP) — Ribeirdo Preto

11) CRONOGRAMA DE UTILIZAGCAO DE ANIMAIS
Data Espécie Sexo Quantidade

Ratos Wistar Machos 512

12) RECOMENDACAO:
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X | Aprovado

Com Pendéncia

N&o aprovado

Data de inicio:jun/2017 Data do término: nov/2018

Comentarios gerais sobre o projeto:
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