o

UNIVERSIDADE FEDERAL DA BAHIA
FACULDADE DE MEDICINA

FUNDACAO OSVALDO CRUZ
CENTRO DE PESQUISA GONCALO MONIZ

Curso de Pos-Graduacao em Patologia

ESTUDO DO ENVOLVIMENTO DAS VIAS
HISTAMINERGICAS CENTRAIS NO CONTROLE DA
INGESTAO DE AGUA E SAL EM RATOS

Janeide Magrani Caetano

Orientadora: Prof® Dra. Josmara Bartolomei Fregoneze

Tese apresentada para obtencgao
de grau de Doutor em Patologia,
area de concentracio em
Patologia Experimental.

Salvador — Bahia
2007




Ficha Catalografica elaborada pela Biblioteca do CPgGM / FIOCRUZ
Salvador — Bahia

Caetano, Janeide Magrani

Cl27e Estudo do envolvimento das vias histaminérgicas centrais no controle da
ingestdo de agua e sal em ratos / Janeide Magrani Caetano. — Salvador — Bahia.
| manuscrito]. / por Janeide Magrani Caetano. — 2007.

70f. :1l. ; 30 cm.

Datilogratado (fotocopia).

Tese ( doutorado ) - Universidade Federal da Bahia. Fundacédo Oswaldo Cruz.
Centro de Pesquisas Gongalo Moniz, 2007.

Orientador: Prof®. Dr. Josmara Bartolomei Fregoneze, Laboratorio de Neurociéncias

~|.Histamina. 2. Mepiramina. 3. Cimetidina. 4. Terceiro Ventriculo (I11'V)
5.Agua. 6. Ingestdo alimentar. 7. Receptores H, centrais. 8. Receptores H centrais. 1. Titulo.

CDU615.218:612.311




“ESTUDO DO ENVOLVIMENTO DAS VIAS HISTAMINERGICAS CENTRAIS NO CONTROLE DA
INGESTAO DE AGUA E SAL EM RATOS”

JANEIDE MAGRANI CAETANO

FOLHA DE APROVACAQO

| COMISSAO EXAMINADORA

l)lw é/a losEZ\l» /€S d‘ﬁ'(ochd Drld6sé Marino Neto (
Profedsora Associada M,,...-««-f"/ Protessor Titular
USP =< UFSC
‘ \\'\\J
..... g -
i R ”""“r‘““*--«“:b | / OLL\
( ) l)] I(amon dos Sdntos I:T-Bacha Dr. .I{m)/iw Oliveira Filho
. Professor Adjunto Professor Adjunto
UFBA UFBA

w0 Blisare,

| [) ' Josmara Bartolomei’ l 1eg

Professora /\ssuuada
UFBA




1]

Dedico este trabalho a Deus, minha familia meus amigos e em especial ao
meu esposo Sandro (in memorial) e ao meu amigo Vanilson.



Y

AGRADECIMENTOS

(Gostania de agradecer a todos que de forma direta ou indireta participaram da realizacao
deste trabalho.

A Professora Josmara Bartolomeir Fregoneze, pela orientacdo, incentivo, apoio,
paciencia e dedicacido que dispensou a mim durante o desenvolvimento desta

dissertacio.
Ao Professor Emilio De-Castro-e-Silva, pela confianca, dedicacao e apoio.

Aos bolsistas do laboratorio de Neurociéncias Rodrigo Athanazio, Ana Claudia Ramos,
Lilia Improta e Marcelo Barbetta pelo empenho, responsabilidade e disponibilidade que
tiveram na realizacao deste trabalho.

Ao Sr. Vanilson de Souza, pelo apoio tecnico e por ter me ensinado a superar as
dificuldades decorrentes da realizacao deste trabalho.

Ao Sr. José de Souza, bioterista, pelo auxilio aos alunos de pos-graduacdo e pelo
tratamento dispensado aos animais.

Aos amigos e colegas de pos-graduacdo Carla Luz, Patricia Antunes, Fernando
Carvalho, Dina Barros, Anderson Souza, Lilia Rodrigues, Fabiana Lopes de Paula e
Hilda Silva, que me apoilaram na busca da realizacdo dos meus objetivos.

A amiga e pos-graduanda Rejane Santana, pelo apoio e incentivo e por sua amizade.

Aos meus pais Jorge e Mana, pelas oportunidades que me apresentaram e pela
confianca incondicional no meu sucesso.

Aos meus irmaos Maria José, Roldiney, Jorge e Rodrnigo, que sempre demonstraram seu
orgulho, confianca e apoio de forma particular.

Aos meus amados sobrinhos Julia Elen e Vitor pelo amor incondicional dedicado a
mim.

A Erlon pela paciéncia, compreensio e confiangca na minha capacidade de realizacao.

A Rosalia Meires, Rosangela da Cruz Paixio e Tauar Sampaio de Figueiredo pela
dedicacdo aos alunos do curso de pos graduacao e pela competencia no desempenho de

suas funcoes.

As bibliotecarias do Centro de Pesquisa Gongcalo Moniz -FIOCRUZ, pela ajuda na
organizacdo das referéncias bibliograficas.

Aos professores e funcionarios do Centro de Pesquisa Gong¢alo Moniz -FIOCRUZ, por
todo apoio.



“O futuro pertence aqueles gue acreditam na beleza dos seus sonhos ™
Eleanor Roosevelt



SUMARIO

LISTA DE ABREVIATURAS

RESUMO

ABSTRACT

INTRODUCAO

REVISAO DA LITERATURA

1.1 HISTAMINA COMO NEUROTRANSMISSOR

1.1 A - Caracteristicas Biossinteticas da Histamina
1.1 B - Receptores Histaminergicos

1.2 CONTROLE DA INGESTAO HIDRICA

1 3 CONTROLE DO APETITE POR SODIO

1 4 VIAS HISTAMINERGICAS CENTRAIS E CONTROLE HIDROSSALINO
2 HIPOTESES

3 OBJETIVOS

4 RESULTADOS

Artigo |
Artigo 2

S DISCUSSAO

6 CONCLUSAO

7 REFERENCIAS BIBLIOGRAFICAS

VII

VIl

02

03
03

06

08

10

13

14

)

16
27

VI



Vil

LISTA DE ABREVIATURAS

AMPC

A3V

All

AVP

DAG

GMPc

GTP

HA

HDC

HTMT

IP

()

NMDA

NO

NOS

OT

OVLT

OSF

PEG

PVN

SNC

VMH

LIV

Adenosina monofosfato ciclica

Regido Antero-Ventral do 3° Ventriculo

Angiotensina Il

Arginina Vasopressina

Diacilglicerol

(Guanosina-3',5'-Monofosfato Ciclica

Guanosina Trnifostato

Histamina

Histidina Descarboxilase

6-[2-(4-Imidazol) etilamino]-N-(4-trifluorometilfenil) heptanocarboxamida)

Inositol Trifostato

N - metil-D-aspartato

Oxido Nitrico

Oxido Nitrico Sintetase

Ocitocina

Orgdo Vasculoso da Lamina Terminal
Orgdo Subforical

Polietileno Glicol

Nucleo Paraventricular

Sistema Nervoso Central

Nucleo Ventromedial Hipotalamico

3° Ventriculo



VIII

RESUMO

Os diferentes mecanismos cerebrais de controle do comportamneto de ingestio
hidrica desencadeado pela sede, bem como o apetite especifico por sodio tém sido objetos
de investigacdo de diversos grupos de pesquisas. A participacdo das vias histaminérgicas
centrais e de seus receptores no controle do equilibrio hidrossalino do organismo ainda nao
esta completamente esclarecida. Dados da literatura mostram que as vias histaminérgicas
centrais atraves dos seus receptores dos tipos H; e H, participam dos mecanismos de
controle da ingestio hidrica em animais normhidratados e da ingestio de agua pos-prandial.
Decidiu-se entdo investigar o papel dos receptores histaminergicos centrais dos tipos H; e
H> no controle da ingestio hidrica em diferentes situacdes de desafio homeostatico -
hiperosmolaridade e hipovolemia, alem da venificacdo da possivel interacdo entre as vias
histaminergicas e colinérgicas centrais no controle da ingestao hidrica.

[nvestigou-se tambem a participacdo desses receptores histaminergicos nos
mecanismos de controle do apetite especifico por sodio desencadeado em situacdes de
deplecao deste ion, privacao de liquidos e estimulacao angiotensinérgica central.

Os resultados obtidos neste estudo mostram uma maior funcionalidade dos
receptores histaminérgicos do tipo H; em situagdes tisiologicas que provocam modificagdes
nas condicoes osmoticas dos compartimentos de liquidos corporais, além da existéncia de
uma inter-relacdo das vias histaminérgicas atraves dos receptores do tipo H; e as vias
colinergicas centrais sobre o controle da ingestao hidrica.

A participacao dos receptores do tipo H» esta relacionada a alteracdes do volume dos

liquidos corporais, bem como a resposta dipsogénica desencadeada pela angiotensina II.
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Os resultados obtidos neste trabalho trazem 1mportantes informacgdes que
contribuem para o entendimento da participagdo das vias histaminergicas no controle do
equilibrio hidrossalin, evidenciando as interagOes destas vias com outras vias
neurotransmissoras centrais no controle da homeostasia hidrossalina do organismo.

Palavras-chaves: 1. Ingestio de agua. 2. Ingestdo de Sal. 3. Histamina. 4. 3° Ventriculo.
5. Receptores H; e Ha.



ABSTRACT

Several research groups have been studying the mechanisms involved 1n the
ingestive behavior and 1n the control of thirst and sodium appetite. The participation of
brain histaminergic pathway in the hydroelectrolyte balance 1t 1s not entirely understood.
Some studies show that both, H; and H, histaminergic receptors, may participate in the
control of water intake.

In the present study we decide to investigate the role of H; and H, histaminergic
receptors m the control of water intake 1n different conditions: dehydration,
hyperosmolarity, hypovolemia and pharmacological stimulation central cholinergic
pathways. Besides, we also studied the role of H; and H, histaminergic receptors in the
controle of sodium appetite after pharmacological stimulation central angiotensinergic
pathways and in sodium depleted animals.

The data show H; histaminergic receptors main eftect in the control ot water intake
under osmotic challenge, while H, histaminergic receptors are associated with fluid volume
control. Also, the interaction between histaminergic and angiotensinergic brain pathways,
as well as histaminergic and cholinergic brain pathways, seems to be important in the
control of water intake.

The results here presented contributed to the knowledge ot the mechanisms
involved 1n the regulation of water and salt intake and show an important participation of

brain histaminergic pathways in the control of ingestive behavior.

Key-words: 1. Water intake. 2. Salt intake. 3. Histamine. 4. Third ventricle. 5. H; and H;
receptors.



1 INTRODUCAO

A histamina encontrada no tecido cerebral tem sua origem na sintese local, e
evidéncias tanto bioquimicas quanto farmacologicas indicam que a histamina cerebral
encontra-se em dois tipos celulares: os neuronios € os mastocitos. Embora os mastocitos
sejam escassos no sistema nervoso central, seu alto teor de histamina torna-os relevantes
para o conteudo histaminergico cerebral (GARBARG et al., 1976).

Os neuronios histaminérgicos parecem estar envolvidos em diferentes fungdes
hipotalamicas como: ciclo sono/vigilia (KIYONO et al., 1985), secrecido de hormonios
(SAKATA et al., 1988), ritmo circadiano (HOFFMAN et al., 1978), termorregulacao
(FUJIMOTO et al., 1990) e ingestao alimentar (SCHWARTZ et al., 1991). Contudo, a
maioria dos estudos funcionais sobre as vias histaminéergicas centrais enfoca seu papel
no controle da ingestao alimentar, do balango metabolico e energetico. Dados da
literatura sugerem que diferentes areas cerebrais sio responsaveis por este controle.

No que diz respeito as fungdes da histamina como neuromodulador e
neurotransmissor, sabe-se que comegaram a ser estudadas a partir de 1970 (TAYLOR &
SNYDER, 1972, CALCUTT, 1976, SCHWARTZ et al., 1980).

Em relagdo ao papel das vias histaminergicas centrais no controle do balango
hidrossalino, este € pouco conhecido. Alguns estudos tém mostrado que as vias
histaminérgicas centrais podem participar do controle da ingestdo hidrica pos-prandial
(KRALY, 1983, 1990 ¢ KRALY et al., 1995). Entretanto, estudos sistematicos da

participagdo destas vias neurotransmissoras no balang¢o hidrossalino ainda sdo ausentes.

Dessa forma, no presente trabalho investigou-se a participagao das wvias
histaminérgicas centrais no controle da ingestdao hidrica, bem como do apetite especifico

por sodio em diferentes modelos de estudo.
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REVISAO DA LITERATURA

1.1 HISTAMINA COMO NEUROTRANSMISSOR

A localizagdo das vias histaminérgicas centrais tem sido estudada atraveés da
utilizagdo de anticorpos monoclonais seletivos para a enzima de sintese da histamina
(HA), a histidina descarboxilase (HDC). Os corpos celulares dos neurdnios
histaminérgicos estdo localizados exclusivamente no hipotalamo, especificamente no
nucleo tuberomamilar (SCHWARTZ et al, 1991). Empregando-se tecnicas de
tmunohistoquimica, verificou-se que os neuronios deste nucleo apresentam projegdes
difusas para diversas areas cerebrais incluindo: cortex, bulbo olfatorio, nuclec
supraoptico, nucleo paraventricular € nucleo ventromedial hipotalamico, alem de¢
algumas areas no tronco encefalico e medula espinhal (PANULA et al, 1984,
WATANABE et al., 1984). Os neurdnios histaminérgicos parecem estar envolvidos em
varias funcdes no sistema nervoso central, tais como: regulacao neuroendocrina,
controle da pressao sangiiinea, regulacao do ciclo de sono-vigilia, respostas ao estresse,
termorregulacao e ingestido alimentar (ROBERTS & CALCUT, 1983, STRUMAN,
1996}

Segundo Kruger et al. (1995), em ratos o nucleo tuberomamilar esta dividido em
trés grupos: o nucleo tuberomamilar medial, formado por cerca de 600 neuronios; ©
nucleo tuberomamilar ventral, com aproximadamente 1500 neuronios, € uma terceira
regido difusa, classificada como nucleo tuberomamilar difuso, localizado entre varios
nucleos hipotalamicos. Outro grupo de pesquisadores subdivide o nucleo tuberomamilar
em dorsal e ventral, sendo este ultimo subdividido em por¢dao rostral e caudal
{INAGAKI et al., 1990). Ainda outra divisao do nucleo tuberomamilar € sugerida pelo

grupo de Wada et al. (1991). De acordo com eles, este nucleo poderia ser subdividido
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em 5 regides distintas e seriam classificadas de E1 a ES5, dependendo das tungdes que
desempenham.
1.1.A - Caracteristicas Biossintéticas da Histamisa

A histamina € sintetizada no cerebro a partir da ;-histidina, atraves da enzima
c-histidina descarboxilase, e catabolizada em 3-metil-histamina, atraves da enzima
histamina y-metiltransferase. O processo de sintese da histamina pode ser inibido
atraves da administracdo de oa-fluorometil-histidina, que inibe a acdo da enzima

-histidina descarboxilase reduzindo assim o0s nivels de histamina cerebral
(KOLLONITSCH et al., 1978).

A sintese ¢ a liberacdo da histamina apresentam controle inibitorio efetuado
pelos auto-receptores Hi, localizados no corpo neuronal e nos axonios terminais dos
neuronios histaminergicos (ARRANGE et al., 1983, ITHO et al., 1991, PRAST et al,
1991).

{.1.B - Receptores Histaminérgicos

Os receptores histaminéergicos foram classificados com base nas caracteristicas
farmacologicas e bioquimicas das wvias de transducdo de sinal e dos segundos
mensageiros. Atraves dessas caracteristicas estabeleceu-se, at¢ o momento, o perfil
farmacologico de quatro tipos de receptores histaminérgicos, classificados como: H;,
H,, Hs; e Hy (HILL, 1990, HILL et al.,, 1997). Diferentes agentes histaminergicos
seletivos (agonistas € antagonistas) t€ém sido desenvolvidos permitindo a analise da
fungdo e da distribuicdo dos receptores histaminergicos nos diferentes tecidos (GOOT
& TIMMERMAN, 2000, NAKAMURA et al., 2000). No presente estudo utilizaram-se
0S antagonistas seletivos para os receptores do tipo H; e Hp, mepiramina e cimetidina
respectivamente. Assim, a seguir apresentaremos as caracteristicas especificas destes

receptores.



O primeiro composto anti-histaminico foi descoberto em 1933. Os primeiros
antagonistas histaminergicos para os receptores do tipo Hy, utilizados na clinica, foram
a mepiramina € a difenidramina desenvolvidos a partir de 1977 (LEURS et al., 1925}
{)s antagonistas para os receptores histaminérgicos do tipo H, foram desenvolvidos a
partir de 1972. Uma das primeiras substancias utilizadas foi1 o burimamida, em 1981,
substancia essa que originou OS principals antagonistas para o receptor do tipo Hj, &
exemplo da cimetidina, ranitidina e fomatidina (BLACK et al., 1972, GANELLIN,
1981). Os antagonistas mepiramina e cimetidina apresentam uma alta afinidade para os
seus respectivos receptores, sendo que para o do tipo H; o pKy € de 9.4 (ISON, et at.,
1973, HILL, 1990) e para o tipo H; o pKge de 6.1 (GOOT & TIMMERMAN, 2000).

O receptor histaminergico do tipo H; € uma proteina cujo peso molecular de 56
kDa pode vanar entre 53 a 58 kDa, dependendo da especie. Este receptor apresenta ?
al¢as transmembranicas e faz parte dos receptores da superfamilia acoplada a proteina G
(HILL, 1990). Na face intracelular da membrana, o receptor histaminergico H; esta
associado a proteina G/, que hidrolisa a guanosina trifostato, quando o receptor ¢
ativado, e estimula a atividade da fosfolipase C (LEURS et al., 1995). Esta, por sua vez,
hidrolisa o fosfatidil inositol, formando, assim, o segundo mensageiro diacilglicerol
(DAG) e o inositol trifosfato (IP3). O DAG potencializa a atividade da proteina cinase
(’, enquanto o composto IP3; promove a liberacdo de calcio do reticulo endoplasmatico
nara o meio intracelular. A ativagao do receptor H; também pode levar a formacao de

acido araquidonico atraveés da ativagdao da fosfolipase A e a formag¢ao de guanosina-

3'.5'-monofostato ciclica (GMPc). A formac¢dao de GMPc pode ser conseqiiéncia direta
da liberacdo de calcio no citoplasma, da ativacdo da enzima Oxido nitrico sintetase
(NOS), que produz oxido nitrico (NO), e tambem da estimulagdo da guanilato ciclase

Nesta via, o receptor H; pode ser capaz de modular a liberagdo de neurotransmissores
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na fenda pre-sinaptica, desde que o NO e o acido araquidonico executem o papel de
mensageiros retrogrados. A ativagdo do receptor H; tambem pode interferir na
regulacdo da atividade dos canais de magnesio ativados por receptores n.metii-i2-
aspartato (NMDA), o que levaria a modificagdes no potencial de membrana (PAYNE &
NEUMEN, 1997).

A distribuicao dos receptores H; no sistema nervoso central € ampla (CHANG
et al., 1979, PALACIOS et al., 1981; BOUTHENET et al., 1988), sendo identificados
em areas como talamo, cortex, o tegumento e nucleos da rafe. No tegumento os
receptores H; sdao colocalizados em neuronios colinergicos. Os receptores H; tambem
estdo presentes no sistema limbico € em muitos nucleos do hipotalamo. A maior
densidade desses receptores foi evidenciada no nucleo septal, na amigdala e em
diferentes areas do hipocampo. QOutras areas que apresentam alta densidade dos
receptores H; sdo: o niucleo accumbens, o nicleo do trato solitario e a area postrema,
aléem do cerebelo (BROWN et al., 2001).

O receptor histaminergico do tipo H; descrito em 1972 por Black ¢
colaboradores, € uma proteina de peso molecular variando entre 40,2 a 40,5 kDa,
dependendo da espécie, e tambem apresenta 7 alcas transmembranicas (HILL, 1990).
(Quando o receptor H, ¢ ativado, a proteina Gs na face intracelular da membrana
estimula o adenilato ciclase a produzir o segundo mensageiro, a adenosina monofosfato
ciclica (AMPc) (BAUDRY et al, 1975, HEGSTRAND et al,1976). O segundo
mensageiro estimula a proteina cinase A dependente de AMPc que pode fosforilas
nroteinas no citosol € na membrana celular ou translocar-se para o nucleo e ativar o
fator de transcricio CREB (SHENG et al., 1991).

O receptor H, esta difusamente expresso no cerebro € na medula espinhai

(TRAIFFORT et al., 1992, VIZUETE et al., 1997). Estes receptores estdo localizados
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em alta densidade nos ganglios da base, no sistema limbico, hipocampo, amigdala e nas
camadas superticials do cortex cerebral; e em baixas densidades nas areas septais,
nucleos hipotalamicos, talamicos e cerebelo. Podemos encontrar os receptores H; ¢ H:
colocalizados em diversas areas cerebrais, incluindo ce¢lulas piramidais e granulocitos
na formagao hipocampal e em outros grupos de células aminérgicas, como os nucleos da
rafe e na substancia negra (BROWN et al., 2001). Os dados da literatura apresentados
evidenciam que, em diferentes trabalhos e sob diferentes condigdes, as vias
nistaminergicas desempenham importante papel no SNC e podem interagir com outras
vias neurotransmissoras. Assim, devido as duvidas ainda existentes a respeito do pape:
das vias histaminergicas centrais no controle do balang¢o hidrossalino, decidiu-se no
oresente trabalho investigar o papel das vias histaminé€rgicas no controle da ingestao
hidrica e no apetite por sodio, em diferentes condi¢gdes de estimulos

1.2 CONTROLE DA INGESTAO HIDRICA

O comportamento de ingestdo hidrica esta associado a necessidade do organismo
de manter a osmolaridade e o volume dos liquidos corporais em equilibrio. A
modificagdo da osmolaridade € do volume dos diferentes compartimentos liquidos
levam a sede por dois mecanismos basicos: desidratagcdao intracelular e desidratagao
extracelular, que podem ser induzidas por alteragcoes na osmolaridade € na volemia
nlasmatica.

Em 1961, Fitzsimons induziu sede em ratos submetidos previamente a
administragdao subcutanea de polietileno-glicol (PEG), que provoca hipovolemia devida
ao sequestro do liquido extracelular e, portanto, desidratacdo extracelular. Gilman e
colaboradores, em 1937, demonstraram o potente efeito dipsogénico causado pela

administracao orogastrica de solu¢des hipertonicas em ratos, que leva ao aumento da

osmolaridade plasmatica, e consequentemente, desidratacdo intracelular. A sede



também pode ser induzida atraves da privacdo hidrica, que ocasiona moditica¢des nos
voiumes dos liquidos intra e extracelular, afetando tambem o equilibrio osmotico do
Organisina

Esses dados mostram que diferentes estimulos podem desencadear modificagdes
nos volumes dos liquidos corporais € influenciar diretamente o comportamento de
ingestao hidrica. Destarte, estes metodos tém sido utilizados amplamente como
paradigmas de estudo das areas cerebrais e das vias neurotransmissoras envolvidas no
controle da ingestao hidrica. Cada um destes metodos leva a ativagdo de diferentes vias
neurotransmissoras centrais gerando o comportamento de busca e ingestao hidrica

() controle do comportamento de ingestdao hidrica esta intimamente relacionado
a ativacao de diferentes vias neurotransmissoras centrais em diversas areas cerebrais.
Entre as wvias neurotransmissoras centrais pode-se citar: as vias adrenergicas,
colinergicas, serotoninergicas, angiotensinergicas € opiatergicas. A ativagdo das vias
adrenergicas pode levar tanto a estimulagdo quanto a inibigdo da ingestao hidrica. A
injecdo central de agonistas alfa-adrenergicos leva a inibicdo da ingestao hidrica,
enquanto que a administragdo de agonistas beta-adrenergicos resulta em aumento da
ingestdao de agua (GROSSMAN, 1960, LHER et al., 1967, SHARPE & MYERS, 1969;
LEIBOWITZ, 1971}

Em relagdo as vias colinergicas observou-se que a inje¢do de carbacol, agonista
colinergico, no III ventriculo, no hipotalamo e na area septal resulta em aumento da
ingestao de agua em ratos (STRICKER & MILLER, 1968; ANTUNES-RODRIGUES
& MCcCANN, 1970, ANTUNES-RODRIGUES & COVIAN, 1971). Outro
neurotransmissor com efeito dipsogenico € a angiotensina I, onde tanto a administragao

sistemica quanto a central leva ao estimulo do comportamento de ingestdao hidrica

(FITZSIMONS & SIMONS, 1969, EPSTEIN et al, 1970, ANDERSSON &
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ERICKSSON, 1971). Alem do efeito dipsogénico, a angitotensina 11 tambem
acsencadela potente agao pressora € de estimulo do apetite por sodio. (SAAVEDRA,
1992: WRIGHT & HARDING, 1992; ERIKSON et al., 1995, WISINGER et al., 1925}

A participagdo das vias serotoninergicas nos processos de controle da ingestao
nidrica também tem sido estudada. A administracio no IIl ventriculo do agonista
seletivo para os receptores 5-HT1p, o L-694,247, reduz de forma dose-dependente 2
ingestdao hidrica em amimats desidratados ou submetidos a estimulagao
angiotensinergica € colinergica central. Contudo, nao modifica a ingestao de agua em

ooooo

em condi¢do de desidratagdo € revertido atraves do pre-tratamento como o GR 127935,
antagonistas seletivos para os receptores 5-HT 1, (DE CASTRO E SILVA et al., 1997).

Em outro estudo, a administracao central de GR 113808 e SB 204070, ambos
antagonistas seletivos para o receptor serotoninergico 5-TH4, ndo € capaz de modificar a
imgestdao hidrica em animais normhidratados. Contudo, o tratamento com estes
antagonistas potencializa a ingestdo hidrica em animais induzida pela estimulagida
colinergica (CASTRO et al., 2000). Mostra-se dessa forma, a participacao das vias
serotonin€rgicas € sua Interacdo com outras vias no controle e regulacao do
comportamento de ingestao hidrica
1.3 CONTROLE DO APETITE POR SODIO

Us mecanismos que regulam o apetite por sodic podem, ou nao, estar
dissociados do comportamento de ingestdo hidrica. Diversos metodos foram
desenvolvidos para estudar o apetite especifico por sodio. A reduc¢do nas concentragdes
de sodio plasmatico leva ao apetite especifico por sodio e muitos dos métodos de estudo
envolvem modificacdes da natremia. A maior parte do sodio € eliminada atraves da

excrecdo renal. Todavia, uma perda expressiva deste 1on € evidenciada apos vomito,



diarréia e desidratacdo intensa (TAKAMATA et al., 1994). Nos estudos de apetite por
sadio € comum a utilizagdo de um paradigma de dupla escolha, 1sto €, os animais tém
acesso a dois bebedouros: um contendo agua destilada e o outro contendo saiizia
hipertonica, em doses que normalmente sdo aversivas aos animais.

O estado hipovolémico, caracterizado por modificagdes no volume do liquido
extracelular, ativa diferentes mecanismos reguladores, diminuindo a perda de agua ¢
sodio e ajustando a distribuicdo dos liquidos corporais. Entre os mecanismos
reguladores inclui-se a liberagdo de renina, vasopressina, aldosterona, hormonios
adrenocorticotropicos € glicocorticoides (JONHSON & THUNHORST, 1997). A
c¢ondicdo hipovolémica causada pela administracdo de diuréticos, a exemplo da
furosemida, promove perdas significativas, nido apenas de volume, mas tambem de i1ons
como o potassio e o sodio, levando o animal a ingerir grandes quantidades de agua e sat
(JALOWIEC, 1974).

A administracdo subcutanea de coloides como o polietileno glicol (PEG)
(STRICKER et al., 1992) e a dialise peritoneal (FALK, 1965) também s3ao meétodos
utilizados para estimular o apetite por sodio em ratos. Qutro meétodo de estimulagdao do
apetite por sodio € a administracdo de hormonios mineralocorticoides (SHELAT et al |
1999) e de angiotensina Il (FITZSIMONS, 1998). Ao contrario, em animais e
situacdo de hipovolemia e hiperosmolaridade, a administragdo central de ocitocina (OT)
node 1nibir o apetite por sodio (BLACKBURN et al, 1993; STRICKER & VERBALIS,
109G}

Diferentes vias neurotransmissoras centrais parecem estar envolvidas no
controle do apetite por sodio. Recentemente, em estudo desenvolvido em nosso
laboratorio, elas demonstraram que a estimulagdao farmacologica dos receptores 5-HT;

atraves da administracdo central do agonista especifico m-chlorophenylbiguanide
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hydrochloride (1-(3-chlorophenyl)biguanide, (m-CPBG), na amigdala medial, reduz a
ingestdo de sal em animais sodio-depletados. Esse efeito € revertido com o pre-
tratamento com ondansetrona, antagonista seletivo para o receptor S5-HTs. A
estimulagdo de outro tipo de receptor serotoninergico, o 5-HT»c, localizado na amigdala
medial, ndo modifica a ingestdo de sal em animais sodio depletados. Entretanto, o
tratamento com antagonista para os receptores serotoninergicos 35-HT,c, SDZSERO0S2,
reduz significativamente a ingestao de sodio em animais depletados deste ion (LUZ et
al., 20006).
1.4 VIAS HISTAMINERGICAS CENTRAIS E CONTROLE HIDROSSALING

Poucos estudos toram direcionados para a investigagao da participagdao das vias
histaminérgicas centrais no controle da ingestdao hidrica e do apetite por sodio. A
maioria dos trabalhos for voltada para o papel destas vias no controle da ingestdc
alimentar. Diversos trabalhos mostram sua participagdao tanto no controle metabolico e
balango energetico, quanto no comportamento alimentar.

A administracdo central e periférica de antagonistas seletivos dos receptores H; &
H, histaminérgicos estimulam a ingestdo alimentar em ratos (KRALY et al., 1998). Em
outros trabalhos observou-se que a administragdo central, nos nucleos ventromedial
(VMH) e paraventricular (PVN), de metoprina, inibidor da enzima de catabolismo da
histamina, a N-metiltranferase, eleva os niveis de histamina no cerebro e promove
reducdo da ingestao alimentar, enquanto que em animais pre-tratados com o antagonista
do receptor H;, mepiramina, ocorre estimulo do comportamento de ingestdo alimentar
(LECKLIN & TUOMISTO, 1998). A administragdo da tioperamida, antagonista
seletivo do auto-receptor Hs, nos nucleos VMH e PVN, provoca a supressao da ingestao

alimentar em ratos (SAKATA et al., 1997). O receptor histaminergico H3 age coma



auto-receptor € pode regular a sintese e liberacdo da histamina (ARRANGE et al.,
1983).

Estes dados mostram que a histamina € um neurotransmissor que contrcia &
saciedade, sugerindo que a histamina participa de forma direta dos mecanismos de
regulacao do comportamento de ingestao alimentar.

Em muitas especies a ingestdao hidrica e a ingestao alimentar estdao associadas.
Cerca de 70% do consumo de agua ocorre durante ou 1mediatamente apos a
alimentagdo, demonstrando a estreita relagao entre os dois processos (FITZSIMONS &
LE MAGNEN, 1969, KISSILEFF, 1969). A administracao de histamina nos ventricules
faterais, ou em diferentes areas hipotalamicas, provoca a estimulagdao da ingestao hidrica
pos-prandial em ratos (GERALD & MAICKEL, 1972; LEIBOWITZ, 1973). A
administragdo periférica ou central dos antagonistas seletivos dos receptores H; e ri:
histaminergicos reduz tanto a ingestdo alimentar quanto a ingestdao hidrica em animais
submetidos a sobrecarga osmotica gastrointestinal (KRALY et al., 1998) A
participa¢do dos receptores H;, H, € Hz no controle da ingestao de agua pos-prandial foi
evidenciada atraves da administracio no ventriculo lateral de antagonistas especificos
para esses receptores o que provocou inibicdo da ingestdao hidrica pos-prandial nesses
animais (KRALY et al., 1995). A injecdao de histamina por via subcutanea provoca <
aumento da ingestdao de agua em ratos privados de alimento por 12 horas, quadro que
pode ser revertido com a utilizagdo de dexbromofeniramina, cimetidina e tioperamida,
antagonistas para os receptores H;, H, e Hj3 respectivamente (KRALY et al., 1996}. A
inibicdo do catabolismo da histamina, através da administracdo de metoprina, por via
intraperitoneal em ratos Wistar, Long-Evans e Brattleboro, deficientes de vasopressina

plasmatica, mostrou envolvimento deste neurotransmissor na regula¢do do balang¢o des

Hquidos corporais destes animais (LECKLIN & TUOMISTO, 1995). De fato, observou-
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se que a estimulacdao histaminergica leva ao aumento da liberacdo de vasopressina e
diminuicdao da diurese (BHARGAVA et al., 1973; BENNET & PERT, 1974; KJAER et
al.. 1994).

Tendo em vista que os dados da literatura demonstram a participagao das vias
histaminé€rgicas centrais no controle da ingestao hidrica e que ha carencia de estudos
sistematizados mostrando o envolvimento destas vias no controle da ingestao hidrica em
diferentes condi¢cdes de volemia e osmolaridade, bem como na regulacao do apetite por
sodio, decidiu-se no presente estudo investigar a participagdao das vias histaminergicas
centrais atraves dos receptores dos tipos H; € H; no controle da ingestao hidrica e no

apetite especifico por sodio em diferentes condigdes homeostaticas.
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2 HIPOTESES

Hipoteses Nulas

1- As vias histaminérgicas centrais. através dos seus receptores histaminérgicos dos
tipos H; e H;, ndo participam dos processos de regulacio e controle do balanco
hidrossalino em ratos:

2- As vias histaminérgicas centrais, atraveés dos seus receptores histaminérgicos dos
tipos H; e H;, ndo interagem com as vias colinérgicas e angiotensinergicas centrais no

controle do balanco hidrossalino em ratos.

Controle da ingestao hidrica

Hipotese 1

As vias histaminérgicas centrais, atraves dos seus receptores histaminérgicos dos tipos
H, e H,, estimulam a ingestdo hidrica em ratos.

Hipotese 2

As vias histaminérgicas centrais, atraves dos seus receptores histaminergicos dos tipos
H; e H;, inibem a ingestao hidrica em ratos.

Hipotese 3

As vias histamine€rgicas centrals interagem com as vias colinérgicas controlando a

ingestao hidrica em ratos

Controle do apetite por sodie

Hipotese 4

As vias histaminérgicas centrais, atraves dos seus receptores histaminergicos dos tipos
H, e H,, estimulam o apetite especifico por sodio em ratos.

Hipotese 3

As vias histaminérgicas centrais, atraves dos seus receptores histaminérgicos dos tipos
H, e H,, inibem o apetite especifico por sodio em ratos.

Hipotese 6

As vias histamin€rgicas centrals interagem com as vias angiotensine€rgicas centrais

controlando o apetite por sodio em ratos
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3 OBJETIVOS

e Investigar o papel dos receptores histaminergicos centrais H; € H, no controle da
Ingestao hidrica.
Especificos:
a) Investigar a participagdo dos receptores H; e H; centrais na resposta da
Ingestdao hidrica em animais induzida por hiperosmolaridade;
b) Investigar o papel dos receptores H; € H; centrais na resposta da ingestao
hidrica induzida por hipovolemia;
¢) Verificar a existéncia de interagcdo entre vias histaminérgicas e

colinérgicas centrais no controle da ingestao hidrica.

e Investigar o papel dos receptores histaminergicos centrais H; € H; no controle
do apetite especitico por sodio.
Especificos:
a) Investigar a participagao dos receptores H; e Hy centrais na resposta ac
apetite especifico por sodio em animais depletados deste ion;
b) Estudar o papel dos receptores H; € H; na resposta de apetite especitico
por sodio em animais em condi¢gdes de desidratagac;
c) Vertficar se ocorre interagdo entre as vias histaminérgicas e as

angiotensineérgicas centrais no controle do apetite especitico por sodio.
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4 RESULTADOS

ARTIGO 1
“Central H; and H; receptor participation in the control of water and salt intake in rass”

Physiology & Behavior 84:233-243, 2005.
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Abstract

The aim of the present study was to evaluate the participation of brain H; and H, histaminergic receptors on water and salt intake induced
by water deprivation (24 h), turosemide-induced sodimum depletion and central angiotensmergic pharmacological stimulation in rats. Third
ventricle injections of the H; and H; receptor antagonists, menyvramine (50, 100, 200 and 400 nmol) and cimetidine (100, 200 and 400 nmol).
were unable to modify water intake induced by water deprivation and sodiim depletion. Salt intake elicited by water deprivation and sodium
deplction was reduced by the central administration of mepyramine, while intracerebroventricular administration of cimetidine had no effect.
Waler and salt intake evoked by central angiotensinergic stimulation (10 ng) was diminished by third ventricle injections of both mepyramine

pand cimetidine. Inhibition of the ingestive behaviors observed here 1s not a result of any illness-like eftect produced by the
' intracercbroventricular injections of the histaminergic antagonists used, as demonstrated by an avoidance test. It was also shown that
third ventricle injections of these compounds were unable to modify the hedonic behavior that leads rats to drink a tasty saccharin solution.
We conclude that central histaminergic receptors participate ir the control of salt mtake mdused by distinct physiological and
pharmacological stimuh.
© 2004 Elsevier Inc. All rights reserved.

Theme: Endocrine and Autonomic Regulation
Topic: Osmotic and Thermal Regulation

Kevwords: Histamme; Salt intake: Water intake; Cimetidine: Mepyvramme
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including the stimulation or the inhibition of water and salt
intake (for review, see Ref. [1]).

In recent decades, a growing research effort has
cstablished the undeniablice role of brain ncuronal histamine
as a specific neuronal circuitry that originates exclusively 1n

I. Introduction

Thirst and salt appetite are important behaviors which
help mammals to regulate plasma osmolarity, blood volume
and blood pressure. Specialized structures located both 1n

the central nervous system and in strategic peripheral sites
detect changes 1n these parameters continuously and
accurately. Based on information obtained by these sensors,
the central nervous system yields corrective responses

* Corresponding author. Tel.: +55 71 235 7518; fax: +55 71 337 (591.
t-mail address: josmara@utba.br (J.B. Fregoneze).

0031-9384/% - see front matter © 2004 Elsevier Inc. All rights reserved.
doi:10.1016/).physbch.2004.11.010

the hypothalamic tuberomammilary nucleus and projects 10
several brain areas. These central histaminergic pathways
exert numerous physiological roles, including the control of
food intake (for review, see Refs. [2-4]).

The role of brain histamine 1n the control of fluid
balance has received far less attention. However, histamine
induces a significant increase in water intake when injected
into the cerebral ventricles [5] and dehydration increases
hypothalamic histamine synthesis and release |6]. tlista-
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mine has been characterized as one of the key central
agents triggering prandial drinking n rats [7]). This
behavior i1s inhibited by the pharmacological blockade of
H, and H, receptors, whose participation is also necessary
for the expression of thirst 1induced by exogenous
histaminc administration [8).

Several brain aminergic neurotransmitters such as
serotonin, acetylcholine and noradrenaline influence salt
intake in mammals [9]. An extensive review of the
literature shows no data conceming brain histaminergic
participation in the control of sodium appetite in laboratory
animals.

in the present paper, we invesugate the parucipation of

brain H; and 1, histaminergic receptors on water and salt
intake induced by two physiological stimuli (sodium
depletion and fluid deprivation) and following central
pharmacological stimulation with angiotensin 1I 1n rats.

2. Material and methods
2.1 Animals

In the present study, we used Wistar male rats weighing
240120 g. They were housed n individual cages and kept
under controlled light (hights on from 7:00 a.m. to 7:00
p.m.) and temperature (22-24 °C) conditions. In all
experimental protocols third ventricle injections of saline
(controls), and each individual dose of the antagonists were
tested in a nalve group of animals. All experiments were
conducted between 7:00 and 11:00 a.m.

2.2 Surgical procedures

Third ventricle cannulation was performed under
pentobarbital anesthesia (50 mg/kg 1.p.). Five days before
the experimental sessions, a stercotaxic apparatus (David
Kopf lustruments, Tujuinga, CA) was uscd to linplant a 15-
mm, 22-gauge, stainless steel cannula. The following
coordinates were used: anteroposterior=0.5 mm behind
bregma; lateral=0.0 mm; vertical 8.5 mm below the skull.
To avoid lesions to the midline structures related to body
fluild and electrolyte control, the animals were placed in
the stercotaxic apparatus with the head inclined 0.2 mm
upwards. The cannulas were cemented to the skull bone
with dental acrylic and an obturator (28-gauge) was
provided to avoid obstruction. After sacrifice by CO,
inhalation, we verified whether the tip of the cannula was
correctly positioned by injecting Bluc Evans dye (2.0 ul)
into the third ventricle. Only data from animals in which
the cannulas were strictly inside the third ventricle were
analyzed. After surgery, the animals 1n all the study groups
had free access to two different bottles, one containing
distilled water and the other containing 1.5% saline
solution. In order to minimize the stress of the experi-
mental maneuvers, the animals were handled everyday.

Phvsiology & Behavior 84 (2005) 233-243

2.3. Drugs and microinjections

The following drugs were used: mepyramine maleate (V-
(4-methoxy-phenylmethyl-N’ N’ -dimethyl-N-(2-pyri-
dinyl)-1,2-ethanediaminc), H; histaminergic receptor antag-
onist, and cimetidine, H, histaminergic receptor antagonist,
as well as angiotensin 11 and lithium chloride were
purchased from Sigma, St. Louis, MO. Furosemide, a loop
diuretic, was purchased from Aventis Pharma, Sao Paulo,
Brazil. Central injections were performed using a Hamilton
microsyringe connected to a Myzzy-Slide-Pak needle
through polyethylene tubing. All drugs were dissolved in
1sotonic saline soiution. The finai volume injected was 2 ul
over a pertod of 90 s. T'’he doses of mepyramine used here
were based on previous work from another group [10] In
which intracerebroventiicular infusions of this compound
were used to study the role of central H; receptors on food
and water intake. In that paper, the authors used a fixed dose
of 800 nmo! of mepyramine. Another study from a different
group states that cimetidine, when injected intracerebroven-
tricularly at similar doses, induces convulsion [11]. There-
fore, in order to use both drncm in ennlmnlar amounts, we
decided to test mepyramine and cimetidine at smaller doses
(50, 100, 200 and 400 nmol) than those used by the group of

[ecklin et al.

2.4. Sodium depletion

To induce sodium depletion, the animals were submitted
to an experimental protocol in which they had simultaneous
access to two bottles (distilled water and 1.5% saline
solution) and standard rat chow from the period immedi-
ately after third ventricle cannulation until the moment ot
furosemide administration. To provoke the renal sodium
loss that induces sodium depletion, the rats received a
subcutaneous injection of turosemide (20 mg/kg) 24 h prior
to the expenmemal sessions. Access to 1.5% saline ceased
mincdiately aftcr the furoscmide 1njcction. From that
moment on, the animals continued to have frec access to
distilled water, and normal rat chow was replaced by a low
sodium dict (0.001% Na~ and 0.33% K). Control animals
not submitted to sodium depletion received subcutaneous
injections of 1sotonic saline solution instead of furosemide.
We have previously demonstrated that turosemide admin-
istration, at the dose used here, effectively increases urine
output and renal sodium excretion and produces hypona-
tremia [12]. To test the participation of central H; and H,
receptors In water and salt intake in sodium-depleted rats,
different groups of sodium-deplected animals received third
ventricle injections of different doses (50, 100, 200 and 400
nmol) of mepyramine, a selective H; receptor antagonist, or
the H, receptor antagonist cimetidine (100, 200 and 400
nmol). Sodium-depleted control animals received third
ventricle injections ot i1sotonic saline solution. T'he bottles
containing 1.5% saline solution were reintroduced nto the
cages 15 min after the third ventricle injections. The first
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measurc of fluid intake was recorded 15 min after this and
was continued for the next 120 min. All groups were

compared to a control normonatremic group of animals.
2.5. Fluid deprivation

To induce tluid deprivation, bottles were removed from
the individual cages 24 h prior to the onset of the
experiments. Euhydrated animals served as controls for
this expertmental group. lo investigate the participation of
central H; and H, receptors in water and salt intake
fluid deprivation, different groups of fluid-deprived rats
received third ventricic 1njections of different doses (50,
100 and 200 nmol) of mepyramine, a selective H;
antagonist, or the H, receptor antagonist cimetidine (100,
200 and 400 nmol). The botitles coniaining 1.5% saline
solution were reintroduced into the cages 15 min afier the
third ventricle injections. The first measure of fluid intake
was rccorded !5 min after this and was continued for the
next 120 min. Fluid-deprived control animals received
third ventricle injections of isotonic saline solution. All
groups were compared to a group of rats not submitted to
fluid deprivation.

2.6. Central angiotensinergic stimulation

To induce a pharmacological stimulation of central
angiotensinergic pathways, animals received third ventricle
injections of angiotensin 1l at the dose of 10 ng. Control
animals received third ventricle injections of isotonic saline
solution. To study the participation of central H; and H-
receptors in water and salt intake after central angiotensi-
nergic stimulation, different groups of rats received third
ventricle injections of different doses (100, 200 and 400
nmoi) of mepyramine, a seiecuive H; antagonist, or the H:
receptor antagonist cimetidine (100, 200 and 400 nmol) 15
min bet()re recuvmg> angiotensin 11 (10 ng). Bottles

~. e ‘-./-\ ccccc

5% saline solutioin were available imimedi-
ately afier the third ventricle injections of anglotensin 1.
As In the previous experimental sets, the first measure of
fluid intake was recorded !5 min after this and was
continued for the next 120 min. All groups were compared
to a group of rats receiving central administration of saline
instead of angiotensin 1.

2.7 Avoidance test

An avoidance test was carried out to verify whether the
central administration of both mepyramine and cimetidine
was devoid of nonspecific, inhibitory, “illness-like” effects
on water intake. An experimental protocol based on the
original design proposed by Nachman [13] was adopted.
This protocol uses a temporal association between the novel
laste of a 0.25% saccharin solution and the distress induced
by lithium chloride administration. Five days after the third
ventricle cannulation, the animals had their access to water
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restricted to 15 min/day (between 12:00 and 12:15 p.m.) for
4 consecutive days. Under these conditions, rats drank water
rapidly and reliabily. On the fifth day, they were divided into
four difterent groups that, after being submitted to different
pharmacological protocols, had access to bottles containing
saccharin (no water was offered on this day). The first group
(controls) recerved two consecutive injections, one imme-
diately following the other, of i1sotonic saline solution, the
first being intraperitoneal and the second into the third
ventricle. In the second group of animals, 0.15 M lLithium
chloride intraperitoneal injections (0.6% b.w.) were fol-
lowed by injections of isotonic saline solution into the third
ventricie. in this group the iithium-induced, iilness-iike
effects, a condition that generally disrupts ingestive behav-
10rs 1n rats, are assoclated with the novel taste of saccharin.
The thicd and the fourth groups of animals received
intraperitoneal 1njections of saline solution, in the same
volume used in the previous group, followed by injections
of mepyramine {third group) or cimetidine {(fourth group).
Either drug was injected at the dose of 400 nmol. In these
groups of animals, we investigated whether the blockade of
central H; and H,; receptors provokes any degree of
discomfort leading to a general reduction in ingestive
behavior that the animals could associate with the novel
taste of saccharin. On the sixth day, at the same time that
bottles had been available on the previous days (12:00 to
12:15 p.m.), saccharin-containing bottles were placed in ali
cages and the amount ingested recorded. No drugs were
injected on this day.

2.8. Dessert test

To investigate whether the histamine antagonists used in
the present study were able to modify water and salt intake
through a nonspecific, generai inhibition of the central
nervous system or by a locomotor deficit, we investigated
the eftect of third ventricle injections of mepyramine and
ciinctiaine on the intake of a .19 saccharin solution, a
well-established example of hedonic behavior in rats [14].
In this experiment after third ventricle cannulations, two
different groups of animals, kept in the usual individual
cages where the only fluid available was water, were
transferred (for 2 h each day, for 7 consecutive days) to a
different cage (the test cage) in which two bottles, one
containing water and the other containing a 0.1% saccharin
solution, were accessible. After this period of training, two
different groups of fluid-deprived animals received third
ventricle injections of mepyramine (400 nmol), cimetidine
(400 nmol) or saline (controls) 30 min before being
transferred to the test cage. The intake of water and

saccharin was then recorded during the following 120 min.
2.9. Statistical analysis

A computer software package (SigmaStat for Windows,
Jandel Scientific, San Ratael, CA) was used to carry out
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two-way analysis of variance for repeated measures. The
post hoc Student-Newman-Keuls test was used for com-
parison of cach treatment with its corresponding time in the
control groups {animais receiving third ventricle injections
of 1sotonic saline solution). One-way ANOVA was used to
analyze the data concerning the avoidance test and the
dessert test. The data are presented as mean+=S.E.M. The
cttects were considered significantly different when p<0.05.

3. Results

Fig. 1 (paneli A) shows the effect of third ventricie
ijections of mepyramine at different doses on water intake
in fluid-deprived rats. Analysis of variance indicated
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significant treatment and time main effects and significant
treatment xtime i1nteraction | F(4,38)=19.75; P<0.0001;
F(5,20)=46.94, P<0.0001; F(20,190)=5.52, P<0.0001,
respectively]. As expected, there was a significant increase
in water intake i1n saline-treated, fluid-deprived rats when
compared to saline-treated normohydrated controls. Third
ventricle injections of mepyramine were unable to modify
the high water intake displayed by fluid-deprived rats at any
of the doses used 1n this study.

Fig. 1 (panel B) depicts the effect of third ventricle
injections of mepyramine at different doses on salt intake
in fluid-deprived rats. Analysis of variance indicated
significant treatment and ume main effectls and no
significant treatmentXxtime interaction [F£(4,38)=14.83;
P<0.0001; F(5,20)=7.86, P<0.0001; F(20,190)=0.86,
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Fig. 1. Cumulative water and salt intake 15 min after third ventricle injections ot mepyramine or cimetidine in water-deprived rats. Panels A (water intake) and
B (salt intake): saline (Li; n=7); mepyramine 50) nmol {(®; n=6); mepyramine 100 nmol { A ; n=12); mepyramine 200 nmol (@; n=9). An additional group of
normohydrated animals receiving third ventricle injections of saline 1s also shown (O; #=9). Panels C (water intake) and D (salt ntake): saline (0O; n=7);
cunciidie 100 nimoi ( A . n=38). cuneiidine 200 nmoi {@; n—10); cimeiidine 400 nmol (¥, n-7) . An addiitonal group of normonydraied animnais receiving ihird
ventricle injections of saline is also shown (O; #=9). Data are presented as mean+ S E M. Asterisks indicate a statistically significant difference { #<0.05) when
the different groups of water-deprived drug-treated animals are compared to water-deprived animals receiving saline. “indicates a statistically significant
ditfference when the group of normohydrated rats is compared to all other groups. Each curve in the graph has been obtained from a naive group of animals.
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P=0.64, respectively]. Here, a cumulative intake of 1.5%
hypertonic was observed for saline-treated, fluid-deprived
rats that was significantly higher than the intake of saline-
treated, normohydrated controls. Third ventricle injections
of mepyramine at the lowest dose used (50 nmol) failed to
alter salt intake in fluid-deprived animals. Fluid-deprived
animals receiving mepyramine at the two other doses used
(100 and 200 nmol) presented a significant reduction in
salt intake, as compared to saline-treated, fluid-deprived,
control ammals.

Fig. | (panel C) shows the effect of third ventricle
injections of cimetidine at different doses on water intake in
fluid-deprived rats. Analysis of variance indicated signifi-
cant treatment and time main effects and significant
treatment X time 1nteraction [ £(4,36)=35.86; P<0.0001;
£1(5,20)=63.94, £<0.0001. £(20,180)=5.60, £<0.0001,
respectively]. As expected, saline-treated, fluid-deprived
animals that normally present an increase in plasma
angiotensin !l levels, showed a significant increase in water
intake when compared to saline-treated, euhydrated con-
trols. Third ventricle injections of cimetidine at any of the
ﬂund—deprlvcd rats.

Fig. | (panel D) shows the eftect of third ventricle
injections of cimetidine at different doses on salt intake in
fluid-deprived rats. Analysis of variance indicated signifi-
cant treatment and time main effects and significant
. treatmentXtime interaction | F(4,36)=4.79; P=0.003;
F(5,20)=10.79, P<0.0001; F(20,180)=2.30, P=0.002,
respectively). As expected, saline-treated, fluid-deprived
animals exhibited a significant increase in salt intake as
compared to saline-treated, normohydrated controls. Third
ventricle injections of cimetidine at any of the doses used
were unable to modity the high salt intake displayed by
fluid-deprived rats.

Fig. 2 (panel A) illustrates the effect of third ventricle
injections of mepyramine at different doses on water intake
in sodium-depicted aniimals. Analysis of variaice indicated
no significant treatment and time main effects and no
significant lrcalmentXtimc interaction | £(5,37)=0.00;
P=1.0; F(5,25)=0.00, P=1.0; F{(25,185)=0.00, P=1.0,
respectively]. As expected, sodium-depleted rats, which

normally present a reduced water intake in order to avoid
further dilution of the already low plasma sodium concen-
trations, exhibited no water intake.

Conversely, Fig. 2, panel B shows that furosemide-
treated, sodium-depleted rats receiving third ventricle
injecuions of mepyramine at different doses exhibited
significantly higher salt intake as compared to normona-
tremic animals. Analysis of varnance indicated significant
treatment and timec main cffects and significant treat-
mentxXtime interaction | F(5,37)=16.21; P<0.0001;
F(5,25)=40.56, P<0.0001; F(25,185)=3.18, P<0.000],
respectively]. Here, third ventricle mmjections of mepyr-
amine at the doses of 50 and 100 nmol did not modify salt
intake 1n sodium-deplcted rats. At the dose of 200 nmol,

the central administration of mepyramine significantly
inhibited salt intake at 15 and 30 min, whereas the same
drug, when administered at the dose of 400 nmol,
significantly blunted salt intake for the entire duration of
the experiment.

Fig. 2 (panel C) illustrates the cftect of third ventricle
injections of cimetidine at different doses on water intake 1n
sodium-depleted animals. Analysis of variance indicated no
significant treatment effects and no significant treat-
ment < ttime interaction but a significant time ditference
[ £(4,31)=0.99, P=0.43: F(20,155)=0.95, P=0.52;
F(5,20)=4.28, P=0,001, respectively]. As expected,
sodium-depieted rats exhibited very lillie waler intake.

Fig. 2 (panel D) illustrates the effect of third ventricle
injections of cimetidine at different doses on salt intake in
sodium-depieted animals. Analysis of variance indicaied
significant treatment and time main effects and significant

trcatment < time interaction [ F(4,31%11.72, P<0.0001}:
F(5.20=30.27, P<0.000] F(20,155)=2.23, P=0.003,

respectively]. There was a statistically significant increase
in salt intake in all groups of sodium-depleted rats

compared to furosemide-free, normonatremic controls.
Th
%

ird ventricle injections of cimetidine failed to modity
the high salt intake of sodium-depleted rats at any of the
doses used in this study.

Fig. 3 (Panel A) shows the effect of third ventricie
injections of mepyramine at different doses on water intake
induced by third ventricle injections of angiotensin H (10
ng). Analysis of variance indicated significant trcatment and
time main effects and significant treatment « time intcraction
[ F(4,35)=27.43; P<0.0001; F(5,20)=12.62, P<0.000];
F(20,175)=2.50, P=0.0007, respectively]. As expected,
water intake was significantly increased in animals receiv-
ing third ventricle injections of angiotensin 1 preureated
with third ventricie injections of saline (saline+angiolensin
1) compared to control animals receiving two consecutive
third ventricle injections of saline (saline+saline). At the
iowest dosc (100 nmol), third ventricie injcctions of
mepyramine were unable to modify angiotensin Il-induced
water intake. At the other doses (200 and 400 nmol), the
central administration of mepyramine significantly impatred
water Intake induced by third ventricle injections of
angiotensin ii.

Fig. 3 (Panel B) shows the effect of third ventricle
injections of mepyramine at different doses on salt intake
induced by third ventricle injections of angiotensin 11 (10
ng). Analysis of variance indicated significant treatment and
time main effects and significant treatmentx time interaction
| F(4,35)=14.42; P<0.0001; F(5,20)=17.59, P<0.0001;
F(20,175)=7.23, P<0.0001, respectively]. Salt intake of
animals that received third ventricle injections of angioten-
sin 11 but were pretreated with third ventricle injections of
saline (saline+angiotensin 1) showed a significant increase
when compared with the control group of animals receiving
two consecutive injections of saline (saline+saline). At all
the doses used (100, 200 and 400 nmol), third ventricle
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Fig. 2. Cumulative water and salt intake !|S min after third ventricle injections of mepyramine or cimetidine in sodium-depleted rats. Panels A (water intake)
and B (salt intake): saline ([0; 7n=7); mepyramine 50 nmol (B; 7n=10); mepyramine 100 nmol ( A; 7=6); mepyramine 200 nmol (@; 7=6); mepyramine 400
nmol (®; n=7). An additional group of animals not submitted to sodium depletion and receiving third ventricle injections of saline is also shown (O; n=7).
Panels C (water intake) and D (salt intake): saline (O; n=7), cimetidine 100 nmol ( A ; 2=6); cimetidine 200 nmol (@; 2=9); cimetidine 400 nmol (®; n=7). An
addrtional group of animals not submitied to sodium depieiion and receiving third veniricie imngections of saiine is aiso shown {O; a= 7). Data are presented as
meant S EM. Asterisks indicate a statistically significant difference ( p<0.05) when the different groups of sodiwm-depleted, drug-treated animals are
compared to sodium-depleted animals receiving saline. *indicates a statistically significant difference when the group of rats not submitted to sodium depletion
1s compared to all other groups. Each curve m the graph has been obtained from a naive group ot animals.

injections of mepyramine reduced angiotensin ll-induced
salt intake throughout the entire duration of the experiment.

Fig. 3 (Panel C) shows the effect of third ventricie
injections of cimetidine at different doses on water intake
induced by third ventricle injections of angiotensin I (10
ng). Analysis of variance indicated significant treatment and
time main cffects and significant treatment < time interaction
[ F(4,43)=10.44; P<0.0001; £(5,20)=15.82, P<0.0001;
F(20,215)=3.57, P<0.0001, respectively]. As expected,
there was a significant increase in water intake in animals
receiving third ventricle injections of angiotensin 1 pre-
treated with third ventricie injeciions of saline {saline+an-
giotensin Il) as compared to control animals receiving two
consecutive, third ventricle injections of saline (saline+sa-

line). At all doses used in this study (100, 200 and 400
nmol), the central administration of cimetidine significantly
impaired water intake induced by third ventricle injections
of angiotensin 1L

Fig. 3 (Panel D) shows the effect of third ventricle
injections of cimetidine at different doses on salt intake
induced by third ventricle injections of angiotensin Il (10
ng). Analysis of varniance indicated significant treatment and
ume main effects and significant treatment X time interaction
| £(4,43)=10.43; P<0.0001; F(5,20)=12.87, P<0.0001;
£(20,215)=2.12, P=0.005, respectively]. There was a
significant increase 1n salt intake n animals receiving third
ventricle injections of angiotensin 11 but pretreated with
third ventricle njections of saline (saline+angiotensin 1)
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Fig. 3. Cumulative water and salt intake 1S mun afier third ventricle miections of mepyramine or cimetidine in rats recetving third ventricle injections of
angiotensin 11 (10 ng). Panels A (water intake) and B (salt immtake): Salinetangiotensin I (OO; »=7); mepyramine 10{} nmol+angiotensin Il (A ; n=7});
mepyramine 200 nmol+angiotensin 1l (@; #=10); mepyramine 400 nmol+angiotensin 11 (®; n=10). An additional group of animals not submitted to central
anglotensinergic stimulation (saline+saline) is also shown (O; n=9). Panels C (water intake) and D (salt intake): Salinet+angiotensin 1l (OO; n=6); cimetidine 100
mnol-tangiotensin i (& ; #=12); ciinetidine 200 nmol+angiotensin 1i (@. #=9); cimetidine 400 nmol+angiotensin il (®; n=12). An additional group of animals
not submitted to central angiotensinergic stimulation (saline+saline) is also shown (O; #=9). Data are presented as mean t S.E.M. Asterisks indicate a
statistically significant difference ( p<0.05) when the different groups of animals receiving third ventricle injections of angiotensin 11 but pretreated with
mepyramine or cimetidine are compared to animals receiving third ventricle injections of angiotensin I1 but pretreated with saline. “indicates a statistically

sigtihicant diflerence when Lhe group of rats not submitied o ceniral angioiensinergic stunulation is compared io ali other groups. Each curve in the graph has

oeen obtained trom a naive group of animals.

when compared with the control group of animals receiving
two consecutive injections of saline (saline+saline). At all
doses used (100, 200 and 400 nmol) third ventricle
injections of cimetidine reduced angiotensin 1l-induced salt
intake throughout the entire duration of the experiment.
Fig. 4 (panel A) depicts the result of the avoidance test
performed to verity whether any of the histamine antago-
nists were able to induce “illness-like” side effects. Analysis
of variance indicated a significant treatment difterence
between the groups | F(5,40)=8.07; P<0.0001]. As
expected, animals e¢stablishing a previous association
between lithium chloride and saccharin had a significant
reduction 1n saccharin intake on the following day, as

compared to saline-treated controls. In contrast, the previous
assoclation of each of the histamine antagonists (mepyr-
amine and cimetidine) with saccharin failed to produce any
significant reduction in saccharin intake the next day, which
suggests that 1t 1s unlikely that illness-like effects could
explain the results observed here after the injection of these
compounds into the third ventricle. Fig. 4, Panel B, shows
the results of the dessert test. Here, saline-treated control
animals drank more saccharin than water, indicating the
hedonic behavior represented by the preferential intake of a
“tasty” solution. Third ventricle injections of either mepyr-
amune or cimetdine failed to alter this hedonic preference.
Indeed, animals recelving these histamine antagonists drank
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Fig. 4. Panel A (Avoidance test): saccharin solution (0.25%) consumption
(ml/100 g body weight) over 15 min at a second offering in animals
recerving third ventricle injections of mepyramine (400 nmol), cimetidine
(400 nmol) or saline (controls). The sequence of injections used during the
first offering of saccharin and the number of animals used are indicated in
the figure. The first injection was into the third ventricle and the second via
intraperitoneal route. The asterisk indicates a statistically significant

ifference ( p<<0.001) between that particular group and controls {saline+sa
line). The number of animals used in each experiment is indicated in the
figure. Panel B (Dessert test): saccharin (0.1%) and water intakes (ml/100 g
body weight) during 2 h in the test cage in rats receiving third ventricle
imjections of 1sotonic saline solution (controls) mepyramne (400 nmot) and
cimetidine (400 nmol). The treatment received by each group and the
number of animals used 1s indicated in the graph. There was no significant
difference in the ingestion of saccharin and water between groups treated
with saline and the histamine antagomnists tested. Data are expressed as
mean +S_.E.M.

thie samc amount of saccharin | £(2,20)=0.67; £=0.52] and
presented the same water intake | £(2,20)=1.38; P=0.28] as

saline-treated controls.

4. Discussion

The present data show that third ventricle injections of
mepyramine, a selective Hy receptor antagonist, inhibit salt
intake 1n two distinct situations: sodium depletion and water
deprivation. Under these conditions, water intake 1s unaf-
fected by the central administration of mepyramine. Third
ventricle injections of cimetidine, an H; receptor antagonist,
are unable to modify salt intake either in sodium-depleted or
water-deprived rats. Third ventricle 1njections of both
mepyramine and cimetidine significantly reduce angiotensin
Il-induced water and salt intake. The inhibition of the
ingestive behaviors after the central administration of either
mepyramine or cimetidine seems Lo be specifically due to an
effect on the central pathways regulating water and salt
intake and does not reflect a general impairment of the
central nervous system. Indeed, we have demonstrated the
absence of “illness-like” effects after the cenwal adminis-
tration of these histaminergic antagonists, and a “dessert”
test revealed that the hedonic ingestive behavior of a “tasty”
saccharin solution 1s unaffected by third ventricle injections
of cithcr mcpyraminc or cimctidinc. Howcver, wc cannot
exclude the possibility that an “illness-like” effect could
explain the inhibitory effect of the histamine antagonists
used here in the group of animals in which salt intake was
induced by central angiotensinergic stimulatios.

Mammals constantly regulate plasma osmolarity, blood
volume and blood pressure by the integrated operation of
several visceral and behavioral mechanisms, including salt
appetite and thirst. Changes In these parameters are
continuously detected by specialized structures located both
in the central nervous system and in strategic peripheral
sites. A complex central circuitry involving many brain
areas and neurotransmitters receives a nonstop flow of
information that originates in these sensors and organizes
corrective responses that include stimulation or inhibition of
sodium appetite and thirst (for review, see Ref. [1]).

Circumventricular structures have a major participation
in the control of salt intake. Central areas such as the
subfornical organ and the organum vasculosum laminae
terminalis are activated by sodium depletion [15] and
lesions of these structures induce a significant decrease in
sodium appetite in sodium-depleted animals [16]. Further-
more, changes 1n sodium concentration in the cerebrospinal
fluid alter salt intake in rats after sodium depletion [17].

Several structures surrounding the cerebral ventricles that
participate in the coniroi of water and salt intake, such as the
paraventricular, the supraoptic and the suprachiasmatic
nuclei, as well as the ventromedial hypothalamic nucle:
and thc nuclcus of thc solitary tract, rcccive massive
histaminergic innervation, and a high density of both H,
and H-» receptors 1s found in these brain regions (for review,
see Ref. [2]). This provides the necessary anatomical
background to support the present findings. In addition,
by having the ability to detect variations in plasma
angiotensin 11 levels, the circumventricular structures may
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be important as a link between changes i1n the peripheral
hydroelectrolyte status and brain histaminergic control of
body fluild homeostasis.

Brain histaminergic control of food intake 1s a well-
established phenomenon [18]. However, the participation of
brain histaminecrgic pathways in the control of water and salt
intake 1s far less understood. Nonetheless, central histamine
administration leads to a significant increase in water intake
5], and intracerebroventricular injections of histamine
antagonists produce the opposite eftect [19]. Furthermore,
drinking is elicited by procedures that reduce brain
histaminergic activity, such as the activation of H-
inhibitory, presynaptic receplors by intracerebroventricular
iInjections of selective Hx receptor agonists [ 10]. The present
studies reveal that histamine receptors that can be reached
by pharmacologic agents injected 1nto the third ventricie are
related not only to the control of food but also to water and
salt intake.

In the present study, when access to the fluids was
allowed, water-deprived animals drank both water and
hypertonic saline solution, whereas sodium-depleted ani-
mals drank only hypertonic saline although both fluids were
available. These are the typical choices usually made by rats
submitted to these experimental conditions (for review, see
Ref. [1]). Third ventricle injections of either mepyramine or
cimetidine were unable to modify water intake 1n water-
deprived anmimals, thereby suggesting that water intake
under these circumstances does not depend on the function
of central H,; and H, receptors located 1n structures reached
by anti-histamine agents injected into the third ventricle.
Also, the negligible water intake of sodium-depleted rats is
unaftected by third ventricle injections ot either mepyramine
or cimetidine. On the other hand, water intake elicited by the
pharmacological stimulation of brain angiotensinergic path-
ways seecms 10 depend on mechanisms that require the
function of both H, and H, central receptors. Indeed, third
ventricle injections of either mepyramine or cimetidine are
able to biock drinking induced by the central administration
of angiotensin II.

The participation of brain H; receptors in the regulation
of water intake 1s a rather controverstal matter. The lack of
participation of brain H; receptors in the regulation of water
intake found 1n the present study is 1n agreement with other
data available in the literature, showing that intracerebro-
ventricular infusion of the selective H; antagonist mepyr-
amine was unable to modify water intake associated with
eating in rats [10]. However, another group of researchers
demonstrated that brain H, receptors may be involved 1n the
mechanisms leading to water intake induced by intragastric
salt load [16]. Nevertheless, salt load-induced thirst 1s a
rather different experimental model, and the authors of that
study did not use the same tl, receptor antagonist used here.

Studies concerning the role of brain k- receptors in the
control of water intake are also conftlicing. Some results
indicate that drinking induced by intragastric salt load does
not rely on an Hj-receptor dependent mechanism [20,21]

while another study shows that prandial drinking during the
period of darkness is regulated by brain H- receptors | 10].

We could not find any other data in the literature
analyzing the participation of brain H; and H; receptors 1n
the dipsogenic response stimulated by the activation of
central angiotensinergic pathways. Direct angiotensin/hista-
mine interplay and co-localization of histamine and angio-
tensin 11 receptors in the central nervous system have not
been documented. Nonetheless, based on the present results,
we raise the hypothesis that the dipsogenic eftect of brain
angiotensinergic stimulation depends on some mechanism
related to the function of central H, and H> receptors. A real
possibiiity 1s that the blockade of cenwral H; and H-
histaminergic receptors somehow disrupts the functional
linking that normally activates the higher integrative areas
that promote the motor activities necessary for water and
salt intake after brain angiotensinergic stimulation.

Salt intake is elicited by several sumuli (hypovolemia,
sodium deplction and hypotension) and somc conditions
that induce thirst also trigger sodium appetite (for review,
see Refs. [22,23]). The regulation of salt intake by the brain
1s accomplished by means of a complex interplay between
the stimulatory drive represented by the cooperative
interaction between mineralocorticoids and angiotensin 11
[24,25] and the negative input represented by the oxy-
tocinergic [26-28] and serotoninergic [12,29,30] compo-
nents. The present study suggests that the central
histaminergic component may also participate in the control
of salt intake In rats.

We used two different stimuli, sodium depletion and
water deprivation, that led to an increase in salt intake.
Sodium depletion may trigger sodium appetite-inducing
mechanisms through a reduction in extracellular volume and
osmolality, whereas water deprivation increases salt intake
mainiy by reducing extracellular volume without producing
significant changes in osmolality [31-33]. As a result,
sodium-depleted animals present a higher increase in salt
intakc as compaied to the watcr-deprived group, as shown
in the present study. In the present study, salt appetite was
evaluated by measuring the cumulative intake of a 1.5%
hypertonic saline solution. The ingestion of this type of
solution 1s strongly avoided by normonatremic rats. Only
sodium-depleted animals ingest hypertonic saline in con-
centrations above 1% and this reflects sodium appetitc and
not a hedonic ingestion associated with a “tasty”, salty
solution [1,9,23].

It 1s important to note that the pharmacological agents
used in the present study are rather selective at the doses at
which they were administered. Indeed, mepyramine pos-
sesses a high affinity for H, receptors (pK; =9.4) and may
interact with cholinergic receptors only when used at
micromolar concentrations [34,35], a much higher dose
than the nanomolar doses used here. Also, cimetidine may
exhibit agonistic properties at GABA 4 receptors only when
used at doses that are significantly higher than the doses we
have used in the present study [36].
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The pharmacological blockade of brain H; receptors
significantly inhibited salt intake in all salt intake-inducing
experimental protocols used here: sodium depletion, water
deprivation and central angiotensinergic stimulation. On the
other hand, the blockade of central H, receptors was able to
decrease angiotensin ll-induced salt intake, but failed to
modify the rise in sodium appetite elicited by water
deprivation and sodium depletion. Therefore, it 1s reason-
able to suggest that brain H,; receptors located in central
structures reached by pharmacological agents injected into
the third ventricle participate in the salt intake-triggering
mechanisms activated during sodium depletion, water
deprivation and central angiotensin 11 sumulation, whiie
brain H, receptors seem to be associated uniquely with
angiotensin ll-induced sodium appetite. However, it must be
observed that sodium depletion and water deprivaiion aie
physiological stimuli that activate a loop of events that are
probably functionally located before central angiotensin
pathways and may cven depend on central angiotensinergic
activation to induce salt intake. On the other hand, the
pharmacological stimulation of central angiotensinercic
circuitries induces salt intake by the activation of systems
that are functionally positioned ahead. This may explain
why the different histamine receptors studied present
distinct effects on salt intake, depending on the nature of
the salt intake-inducing stimulus used.

Both water and salt intake may be significantly reduced

during the course of a hypertensive response. However, a
hypertension-induced decrease in water and salt intake can
be excluded as the cause of the inhibitory ingestive
behaviors observed in the present study since intracerebro-
ventricular injections of histamine increase blood pressure
and this effect 1s blocked by the central administration of
both H; and H- receptor antagonists [4,25,37-39].
The histamine antagonists used have been administered
In nanomolar concentrations into the third ventricle. It is
obviously impossible to exclude the possibility that a small
portion of the total amount injected may have passed to the
periphery. However, as histamine i1s not a neurotransmitter
outside the brain, it 1s difficult to conceive how its putative
peripheral actions could explain the specific inhibition of an
ingestive behavior such as salt intake.

Brain histamine constitutes a neurochemical component
involved in the control of several visceral and behavioral
responses. Central histaminergic pathways participate in the
regulation of the sleep/arousal cycle, food intake, hypo-
physial hormone secretion, temperature regulation and
blood pressurc. On the other hand, H; and H-, receptor
antagonists that easily cross the blood—-brain barrier are used
as therapeutic agents in a myriad of clinical conditions. The
widespread use of H; receptor antagonists as anti-allergic
agents and Hj-receptor antagonists in the treatment of many
gastric disorders frequently targets the brain histaminergic
system and studies revealing new aspects of brain hista-
minergic component are of physiological and clinical
Importance.

.

In conclusion, the present results indicate that central H,
receptors are functionally important in the mechanisms that
trigger salt intake in sodium-depleted and water-deprived
rats, as well as in rats whose sodium appetite was induced
by central angiotensinergic stimulation. We have also
demonstrated that central H; receptors participate in the
dipsogenic response elicited by brain angiotensin 11 stim-
ulation. On the other hand, central H; receptors secm to play
a pivotal role in the mechanisms that activate both water and
salt intake in rats after pharmacological stimulation of
central angiotensinergic pathways.
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Abstract

In the present study we investigated the participation of central H; and H, histaminergic receptors in water intake induced by hyperosmolarity
(evoked by intragastric salt load), by hypovolemia (promoted by the subcutaneous administration of polyethyleneglycol) and by the pharmacological
sumulation of central cholinergic pathways by the muscarinic agonist carbachol in male Wistar rats. The data presented here show that the
pharmacological blockade of central H; histaminergic receptors by third ventricle injections of mepyraniine significantly decreased water intake induced
by hyperosmolarity, hypovolemia and by the intracerebroventricular injections of carbachol. On the other hand, the pharmacological blockade of central
H- histaminergic receptors by third ventricle injections of cimetidine significantly reduced water intake in hypovolemic and hyperosmotic animals, but

s tailed to alter water mtake induced by central cholinergic stimlation by carbachol. We conclude that H; and H; brain histaminergic receptors are
" wwvolved 1n inducing thirst during hyperosmolarity and hypovolemia and that H, histaminergic receptors located post-synaptically in relation to

cholinergic pathways scem to be important in triggering drinking following central pharmacological cholinergic stimuiation.

© 2006 Elsevier Inc. All rights reserved.

Endocrine and autonomic regulation; Osmotic and thermal regulation

Keywords: Histamine; Water intake; Cimetidine; Mepyramine; Hypovolemia; Hyperosmolarity; Carbachol

1. Introduction

Central histaminergic pathways are involved in the control of
numerous visceral and behavioral responses. Indeed, brain
histamine participates in the control of body temperature, modu-
lates pain perception and the sleep/wake cycle, affects the synthesis
and release of hypothalamic products and pituisary hormones and
strongly influences food intake | 1,2].

Less aitention has been given to the role ot brain histaminergic
circuitrics in the control of fluid balance. Central injections of his-
tamine have been shown to induce water intake [3,4] and brain
histamine has also been reported to influence urine output by
modulating vasopressin release through its action on the paraven-
tricular nucleus [35,6].

¥ Corresponding author. Departamento de Fisiologia Instituto de Ciéncias da
Sadde Universidade Federal da Bahia 40110-100 Salvador-BA, Brazil. Tel.: +55
78 335 7518; fax: +55 71 337 0591.
E-mail address: josmara(@ulba.br (J.B. Fregoneze).

0031-9384/% - see front matter © 2006 Elsevier Inc. All rights reserved.
doi: 10.1016/).physbeh.2006.06.004

We have been investigating the role of brain histaminergic
pathways and histaminergic receptor subtypes in the control of
water and salt intake, and recently reported that the pharmacolog-
ical blockade of central H; and H; histaminergic receptors, induced
by third venmicle injections of histamine antagonists, inhibits water
and salt intake induced by central angiotensinergic stimulation,
while this same pharmacological procedure fails to modity water
intake induced by water deprivation [7]. In another study, we
showed that the pharmacological blockade of H; and H; hista-
minergic receptors located within the ventromedial hypothalamus
(VMH) significantly decreases water intake during the overnight
period. In this same study, we also demonstrated that the pharma-
cological blockade of central H; receptors attenuates water intake
elicited by hyperosmolarity, while the blockade of central H-
receptors has no effect on this condition. Additionally, we showed
that the pharmacological blockade of central H, and H, receptors
impairs water intake produced by water deprivation [8].

In the present study, we investigated the role of central H; and
H: receptors in the control of water intake elicited by two different

23



242 J. Magrani et al. / Physiology & Behavior 89 (2006) 241-249

thirst-inducing physiological sumuli: hyperosmolarity (induced
by intragastric salt load) and hypovolemia (produced by
subcutaneous polyethyleneglycol admunistration). Additionally,
the existence of a well-documented histamine/cholinergic
interplay in the central nervous system [9—12], in which histamine
seems to modulate cholinergic transmission, promptcd us to
investigate the participation of histaminergic receptors in water
intake induced by central cholinergic stimulation, a classical
thirst-inducing pharmacological approach.

2. Material and methods

2. 1. Animals

In the present study, we used male Wistar rats weighing 240+
20 g. They were housed in individual cages and kept under
controlled light (lights on from 7 A.M. to 7 P.M.) and temperature
(22-24 °C) conditions. In all experimental protocols central
injections of saline (controls) and each individual dose of the
histaminergic agents were tested in a naive group of animals. All
experiments were conducted between 7 A.M. and 12 P.M. The
experimental protocols were conducted according to the rules
suggested by the National Institutes of Health (USA) and were
approved by a local committee that analyzes ethical aspects of
research with laboratory animals.

2.2, Surgical procedures
»
!

The cannulation of the third ventricle was performed under
pentobarbital anesthesia (50 mg/kg 1.p.) 5 days before the expe-
rnmental sessions. A stereotaxic apparatus (David Kopf Instru-
ments, Tujunga, CA) was used to implant a 15 mm, 22-gauge,
stainless steel cannula. The following coordinates were used:
anteroposterior=0.5 mm behind the bregma; lateral=0.0 mm:;
vertical 8.5 mm below the skull. The animals were placed in the
stereotaxic apparatus with the head inclined 2.0 mm upwards to
avold lesions to the midline structures related to body fluid and
clectuolyte control. A mucrophotograph showing third venticle
cannulation using these procedures does not produce any damage
to the brain structures involved in water and salt intake regulation
has been previously published by our group [13]. The cannulas
were cemented to the skull bone with dental acrylic and an
obturator (28-gauge) was provided to avoid obstruction. After
sacrifice by CQ); inhalation, we verified whether the tip of the
cannula was correctly positioned by injecting Blue Evans dye
(2.0 ul) into the third ventricle. Only data from animals in which the
cannulas were strictly inside the third ventricle were analyzed. In
order to minimize the stress of the experimental maneuvers, the
animals were handled every day.

2.3. Drugs and microinjections

The following drugs were used: mepyramine maleate (N-(4-
methoxy-phenylmethyl-V N’ -dimethyl-N-(2-pyridinyl)-1,2-etha-
nediamine), an H, histaminergic receptor antagonist, cimetidine,
an H, histaminergic receptor antagonist, and polyethylene glycol
(m.w. 15.000—-20.000; PEG) were purchased from Sigma Co., St.

Louis, MQO. Central injections were performed using a Hamilton
microsyringe connected to a Myzzy-Slide-Pak needle through
polyethylene tubing. All drugs were dissolved 1n 1sotonic saline
solution. The final volume 1njected was 2 jil over a period of 90 s.

The pharmacological agents used in the present study are
selective at the doses at which they were administered.
Mepyramine, which has a high affinity for H, receptors
(pK3=9.4) may interact with cholinergic receptors at micromolar
concentrations [14,15], however, in the present experiment, the
compound was used at nanomolar doses. Cimeudine exhibits
agonistic properties in GABA , receptors only when used at doses
significantly higher than those used in the present study [16]. The
doses of mepyramine used here were based on a previous work
cairied out by another group [17] in which intracercbroventricular
infusions of this compound were used to study the role of central H,
receptors on food and water intake. In that paper, the authors used a
fixed dose of 800 nmol of mepyramine. Another study from a
different group states that cimetidine, when injected intracerebro-
ventricularly at similar doses, induces convulsion {18]. Therefore,
in order to use both drugs 1n equimolar amounts, we decided to test
mepyramine and cimetidine at smaller doses (50, 100, 200 and
400 nmol) than those used by the group of Lecklin [17].

2.4. Intragastric salt load

To study the role of central H; and H, receptors in water intake
induced by hypcrosmolanty, different groups of animals submitted
to an acute Intragastric salt load received third ventricle injections
of H; or H» receptor antagonists (mepyraminc¢ and cimetidine,
respectively), and had their water intake monitored during
120 min. Intragastric salt load was achieved by administering
1 ml/100 g of a hypertonic saline solution (1.5 M) via orogastric
tubing. In this case, the animals were fasted for 14 h (from 6 P.M. to
8 A.M.) the night preceding the experiments, in order to obtain a
untform electrolyte absorption in all individuals. They received an
intragastric salt load 10 min after third ventricle injections of
mepyramine or cimetidine at different doses. These groups of
animals were compared to an additional group recciving
intragastric administration of isotonic saline solution followed by
third ventricle injections of isotonic saline solution.

2.5. Polvethvlene glvcol administration

A 30% PEG solution was prepared in 0.15 M sodium chlonde
by heating the mixturc to approximately 50 °C while stimng
constantly. This solution was administered subcutaneously (2 ml/
100 g) 4 h before the third ventricle injections of the histaminergic
antagonists (mepyramine and cimetidine) or the isotonic saline
solution (controls). Graduated bottles were removed from the cages
immediately before PEG administration and reintroduced 30 min
after the icv injections. Cumulative water intake was measured over
the following 120 min. These groups of animals were also
compared to an additional group receiving subcutaneous injections
of 1sotonic saline solution in the same volume as the PEG solution
followed by third ventricle injections of saline. The dose of PEG
used in the present study is 1dentical to that successfully used in
previous experiments cairied out at this laboratory [ 19},
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2.6. Central cholinergic stimulation

Toe induce pharmacological stimulation of central cholinergic
pathways, animals reccived third ventricle injections of carbachol
at the dose of 2 g, a dose that has been previously used 1n other
studies [20-22]. Control animals received third ventricle
injections of 1sotonic saline solution. To study the participation
of central H, and H, receptors in water after central cholinergic
stimulation, different groups of rats received third ventncle
injections of different doses of mepyramine, a selective H;
antagonist, or the I, receptor antagonist cimetidine 15 min before
receiving carbachol (2 jig). As in the previous experimental sets,
fluid intake was first measured 15 min later and thereafter for the
following 120 min. All groups were compared to a group of rats
receiving central administration of saline instead of carbachol.

2. 7. Hematocrit measurement

Two separate groups of animals, one receiving subcutaneous
injections ot polyethyleneglycol and the other treated subcuta-
neously with 1sotonic saline solution, were used to estimate the
cfficacy of PEG in inducing hypovolemia. In these groups
blood samples were collected from the tip of the tail into
microhematocrit tubes 4 h and 30 min after these subcutaneous
injecttons. The blood samples were centrifuged and read
immediately following collection.

‘," 2.8. Open field test

To test whether the third ventricle injections of either mepy-
ramine or cimetidine were able to induce any significant re-
duction 1n locomotor activity that could explain the inhibition
of water intake observed here, we submitted different groups
of rats to an open field test 30 min after receiving third ventricle
injections of either one of the two compounds or saline.

The apparatus consisted of a circular wooden box (60 cm in
diameter and 60 cm high) with an open top. The floor was divided
Into erght areas of equal size with a circle at the center (42.43 c¢cm).
Hand-operated counters and stopwatches were used to score
locomotion (measured as the number of tloor units entered by the
animal with all four paws) for 10 min.

The behavioral experiments took place in a sound-attenuated,
temperaturecontrolled (24+1 °C) room between 7 A.M. and
12 PM. Two40 W fluorescent lights placed 1.50 m away from the
apparatus illuminated the environment. A white-noise generator
provided constant background noise and the apparatus was
cleaned with 70% ethanol and dried before each session to
minimize olfactory cues.

2.9. Statistical analysis

A computer software package (SigmaStat for Windows, Jandel
Scientific, San Rafael-CA) was used to carry out the one-way
analysis of variance for each ume point. The post-hoc Student
Newman—Keuls test was used for comparison among the distinct
treatments. The data are presented as the mean+ SEM. The effects
were considered significantly diftferent when p <0.05.
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Fig. 1. Panel A: Cumulative water intake in animals receiving an acute intragastric
salt load (hyperosmotic animals) or intragastric i1sotonic saline treated with third
ventricle injections of mepyramine. (<3, n=38) no salt load +icv saline; (L, n=7)
hyperosmotic+icv saline; (#, »=8) salt load+icv mepyramine 100 nmol,
(B, n=9) hyperosmotic +icv mepyramine 200 mmol; (&, n=8) hypcrosmotic +icv
mcpyramme 480 mmol; Panel B: Cumulative watcr intake m animals recciving an
acute intragastric salt load or intragastric isotonic saline treated with third ventricle
injections of cimetidine. (O, 7n=7) no salt load+icv saline; (_i, n=11)
hyperosmotic +icv saline; (i, n=8) hyperosmotic +icv cimetidine 100 nmaol;
(®, n=06) hyperosmotic +icv cimetidine 200 nmol; (&, n=11) hyperosmotic +icy
cimetidine 400 nmol. Data are presented as the mean+SEM. “a” indicates a
statistically significant difference (p<0.05) when salt-loaded animals receiving
third ventricle injections of mepyramme or cimetidme are compared to salt-loaded
animals receiving third ventricle imjections of saline. “b” indicates a statistically
significant diflerence (p <0.05) when salt-loaded animals receiving third ventricle
injections of mepyramine or cimetidine at the doses of 200 and 4({) nmol are
compared to salt-loaded animals receiving mepyramine or cimetidine at the dose
100 nmol. “c” indicates a statistically signiticant difference (p <0.05) when animals
receiving third ventricle injections of mepyramine or cimetidine at the dose of
400 nmol are compared to amimals receiving cimetidme at the dosc 200 nmol. Each
curve In the graph has been obtained from a naive group of animals.
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3. Results

Fig. 1 (panel A) shows the effect of the central administration
of the H, histaminergic antagonist mepyramine, at different doses,
on water intake in rats submitted to an intragastric salt load. As
expected, a significant increase in water intake was observed in
salt-loaded animals (hyperosmolar intragastric saline) receiving
third ventricle injections of saline solution when compared to the
group of animals not submitted to salt load (intragastric isotonic
saline) also receiving third ventricle injections of isotonic saline
solution. At the lowest dose used (100 nmol), the central
administration of mepyramine failed to modify the high water
intake observed in the group of salt-loaded animals. At the other
doses used (200 and 400 nmol), mepyramine significantly
inhibited the dipsogenic response induced by intragastric salt load.

Fig. 1 (panel B) shows the effect of the central admunistration of
the H, histaminergic antagonist, cimetidine, at different doses, on
water intake 1n rats submitted to an intragastric salt load. As in the
previous experiment, intragastric salt load produced a significant
increase in water intake. At doses of 100 and 200 nmol, third
ventricle injections of cimetidine had no effect on the increase in
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water intake observed in salt-loaded animals. Conversely, at the
highest dose used (400 nmol), the central administration of
cimetidine significantly blunted the increase in water intake seen in
salt-loaded rats.

Fig. 2 (panel A) shows the eftect of the central administration of
the H histaminergic antagonist, mepyramine, at different doses, on
water intake in hypovolemic rats. There was a significant increase
in water intake in hypovolemic animals (treated with subcutaneous
PEG) receiving third ventricle injections of 1sotonic saline solution
when compared to normovolemic rats (those treated with
subcutaneous isotonic saline solution) also receiving third ventricle
injections of 1sotonic saline solution. At the lowest dose used
(100 nmol), mepyramine failed to induce any change in the
dipsogenic effect of hypovolemia. At the intermediate dose of
200 nmol, the central admunistration of mepyramine was able to
attenuate the increase in water intake in hypovolemic animals only
during the first 60 min of the experiment. At the highest dose used
(400 nmol), mepyramine significantly blunted the increase in
drinking seen in hypovolemic animals for the entire duration of the
experiment.

Fig. 2 (panel B) shows the effect of the central administration
of the H» histaminergic antagonist, cimetidine, at different doses,
on water intake in hypovolemic rats. As in the previous expe-
rimental set, a significant increase in water intake was observed in
hypovolemic animals receiving third ventricle injections of
isotonic saline solution when compared to normovolemic rats
also receiving third ventricle injections of isotonic saline solution.
Atall doses used (25, 50 and 100 nmol), the central administration
of cimetidine resulted in a significant decrease in the dipsogenic

eftect produced by hypovolemia.
Fig. 3 (panel A) shows the effect of the central administration

of the H, histaminergic antagonist, mepyramine, at different

- D P P e = T T " s s i e D e U > > > . — ——_— — — —————————— —— ——— > ) i W A T - G = T T T T T P e e S e cm—— 3 . Wl A S e S—. et . A G . S e e e

Fig. 2. Panel A: Cumulative water intake in animals recetving subcutaneous
administration of PEG or isotonic saline solution treated with third ventricle
injections of mepyramine. (©, n=7) sc saline solution+icv saline; (i1, n=7) sc
PEG +icv saline; (8, n=9) sc PEG + icv mepyramine 100 nmol; (®, n=06) sc PEG+
icv mepyramine 200 nmol; (&, n=9)sc PEG + icv mepyramine 400 nmol; Data are
presented as the mean+SEM. “a” indicates a statistically significant diflerence
(2<0.05) when animals receiving third ventricle injections of mepyramine are
compared to animals receiving third ventricle injections of saline. “b” indicates a
statistically significant ditterence (p <0.05) when animals receiving third ventricle
mjections of mepyramine at the doses of 200 and 400 nmol are compared to
animals receiving mepyramine at the dose 100 nmol. *’¢” indicates a statistically
significant difference (p<0.05) when animals receiving third ventricle injections of
mepyramine at the dose of 400 nmol are compared to ammals receiving
mepyramme at the dose 200 nmol. Panel B: Cumulative water mtake in animals
receiving subcutaneous administration of PEG or isotonic saline solution treated
with third ventricle injections of cimetidine. (2, 7= 1 0) sc isotonic saline solution +
icv saline; (L, n=9) sc PEG+ icv saline; (B, n=10) sc PEG+icv cimetidine
100 nmol; (®, n=11) sc PEG+icv cimetidine 50 nmol; (¥, n=9) sc PEG+icv
cimetidine 25 nmol. Data are presented as mean+SEM. “a” indicates a statistically
significant difference (p<0.05) when animals receiving third ventricle injections of
cimetidine are compared to salt-loaded amimals receiving third ventricle injections
of saline. “d” indicates a statistically significant difference (p <0.05) when animals
receiving third ventricle injections of cimetidine at the doses of 100 and 50 nmol are
compared to salt-loaded animals receiving cimetidine at the dose 25 nmol. *‘e”
indicates a statistically significant difference (p<0.05) when animals receiving
third ventricle injections of cinetidine at the dose ot 100 nmol are compared to
animals recerving cimetidine at the dose 50 nmol. Each curve inthe graph has been
obtained from a naive group of animals.
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doses, on water intake induced by third ventricle injections of
carbachol (2 ug). In the group of animals receiving central
administration of the cholinergic agonist, carbachol, a significant
Increase in water intake was seen compared to animals receiving
third ventricle injections of 1sotonic saline solution. At the lowest
dose used (100 nmol) mepyramine failed to modify carbachol-
induced water intake. At the other doses used (200 and 400 nmol),
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Fig. 3. Panel A Cumulative water intake 15 min following third ventricle
injections of mepyramine in rats receiving third ventricle ijections of carbachol
(2 pg). (I I n=06); saline + carbachol; (#; n—=8) mepyramine 100 nmol +carbachol;
(®. 7=9) mepyraminc 200 nmol+carbachol; (&: #=9) mepyramine
400 nmol+ carbachol. An additional group of animals not submitted to
central cholinergic stimulation (saline +saline) is also shown (73; n=12). “a”
indicates a statistically significant difference (p<0.05) when animals
receiving third ventricle injections of mepyramine are compared to animals
receiving third ventricle mjections of saline. *b” indicates a statistically
significant difference (p<0.05) when animals receiving third ventricie
injections of mepyramine at the doses of 200 and 400 nmol are compared to
anumals recerving mepyramine at the dose 100 nmol. Panel B — Cumulative
water intake 15 min tollowing third ventricle injections of cimetidine in rats
receiving third ventricle injections of carbachol (2 ug). (L.;; n=7) saline +
carbachol; (B; n=7) cimetidine 100 nmol + carbachol; (&; n= 6) cimetidine
200 nmol+carbachol; (&; n= 9) cimetidine 400 nmol+carbachol. An
additional group of animals not submitted to central cholinergic stimulation
(saline + saline) 1s also shown (G; n= 10). Data are presented as mean+ SEM.
Each curve in the graph has been obtained from a naive group of animals.

Tabie 1
Effects of third ventricle injections of mepyramine (400 nmol/rat), cimetine
(400 nmol/rat), or saline on the behavioral parameters in the open-field test

Behavior Saline Mepyramine  Cimetidine ~ One-way
(6) (6) (6) ANOVA
Areas entered 33.67+4.36 33.33+4.63 34.00+4.11  F5.:5=0.00582.
p=0.9942
Times in the  23.50+2.43 26.00+3.25 26.67+£3.77  F3.,5=0.271,
peripheral p=0.7665
areas
Times inthe 10.17x2.75 7.33+£3.08 7.33+£1.41 Fi3.:5=0421;
center areas 1=0.6637
Stops 10.67+1.12 10.50+1.23 11.17£2.21  Fi5,.5=0.0472;
p=0.954]
Rearing 6.33+0.88 S.17+1.11 7.00x1.98  Fi5..5=0.435;
p=0.6552
Grooming 2.00+£0.58 1.33+0.49 1.67£0.33  F215,=0.484,
p=0.6257
Diuresis 0.67£0.21 1.17£0.31 1.33£0.49  Fi2.:5,=0.942;
p=0.4117
Defecation 1.67£0.56 2.50+£0.43 1.33+£0.42  Fi2.15,=1.61;
p=0.2323

Data 1s presented as mean+SEM of the number of occurrences of each listed
behavior in a 10-minute long open-field test. The number of animals in each
treatment group IS In parcnthesis.

mepyramine significantly decreased the dipsogenic responsc seen
following central administration of carbachol.

Fig. 3 (panel B) shows the effect of the central administration
of the H, histaminergic antagonist, cimetidine, at different doses,
on water intake 1induced by third ventricle injections of carbachol
(2 ug). As in the previous experimental set, the central
administration of carbachol induced a significant increase in
drinking. Nonetheless, in this case, cimetidine failed to modify the
dipsogenic response induced by third ventricle injections of
carbachol at any of the doses used (100, 200 or 400 nmol).

A significant increase (»<0.05) in hematocrit levels (49.3+
0.23%) was observed 4 h and 30 min after the administration of
PEG when compared to a control group receiving subcutaneous
injections of 1sotonic saline solution (43.2+0.72%).

As shown in Table 1, neither third ventricle injections of
mepyramine nor cimetidine were able to alter the animals’
locomotor activity pattern and the behavior of rats compared to
the pattern observed 1n rats receiving third ventricle injections
of saline solution, even at the highest dose used In the
experimental sets already described (400 nmol) in an open field.

Table 2, condenses the results of the overall analysis of the
effects of third ventricle injections of H; and H-, receptor
antagonists or saline on water intake at each time point.

4. Discussion

The present data clearly demonstrate that third ventricle
Injections of mepyramine, an H; antagonist, induced a significant,
dose-dependent decrease in water intake induced by hyperosmo-
larity, hypovolemia or by the pharmacological stimulation of
central cholinergic pathways by intracerebroventricular injections
of carbachol, a muscarinic agonist. On the other hand, the central
administration of cimetidine, an H» antagonist, significantly
reduced water intake in hypovolemic animals in a dose-dependent
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Table 2
Overall analysis of the eftects of third ventricle injections of H, and H, receptors

antagonists or saline on water intake at each period of time

Time Mepyramine Cunetidine
(min)
Hyperosmolarity 1S Fiazh=11.4; Fi3.32,=3.76; p=0.0203
»<0.0001
30 [‘1(3‘2\\'):21.8; [’}3‘32):6.0; p:00023
p<0.0001
45 [:(.1.23;): 13.9, F‘(__"j_,_}]_) = 104, p<OOOOl
P <0.0001
60 Fia 0= 14.8; Fi3.45,=9.96; p<0.000]
»<0.0001
90 Fin 0= 15.0; Faam=13.9; p<0.0001
p<0.000]1
120 Ir(_’z,"_v\\')— 17.8, F(3_~57_>=20.O; P <(0.0001
p<0.0001
l'lyp()VOlCI‘nia 15 f"‘_‘;':m'): 10.1 5 F’(3.32): 5.52; p:().0036
p=0.0002
3() F{3.24):,12.O; F(3_32;=10.6;p<().00()l
p<0.0001
45 Faaa=11.9; Fey42,=14.9; p<0.0001
$<0.0001
60 Fi329=13.3; Fsy sm=17.2; p<0.0001
p<0.0001
90 f’ﬂ(‘_’;.}_.@): 131, ["1(3‘_‘;2;= 15.4,p<00001
p<0.0001
120 F(3_2.3): | 19, [‘13_32;: 152, p<()()()()l
p<0.0001
Carbachol 15 Fraa=0.535;  Fi335,=6.14: p=0.0028
p=0.6618
ﬂ 30 ﬁ}ﬁi.l%): 16.8; E325;=265,p200706
‘ P <0.0001
45 E3.lﬂ): 159, E325)=O497, p-_‘0687l
p<0.0001
60 ]:‘3.2_3): 10.1, F‘_;_)_S):O.336;p20.7992
p=0.0001
90 F(‘j.)';.;)_ 10.1; E5525)20-360; [)-“‘()47822
p=0.0001
120 F‘<3_‘1;.;)=9.7l; F(;;,35,=().296; p20.8280
£=0.0001

The data were analyzed using the one-way ANOVA for each time point. For
follow-up statistical tests to contrast specitic groups additional post-hoc Student—
Newman—Keuls tests were conducted. The group means for the various parameters
analyzed were considered to be signiticantly different when p <0.05. These results
are shown in Figs. 1, 2 and 3.

way while in hyperosmotic animals this compound was able to
inhibit water intake only at the highest dose used. Third ventricle
injections of cimetidine failed to alter water intake induced by
central cholinergic stimulation by carbachol.

Plasma osmolarity, blood volume and blood pressure are
constantly regulated by the central nervous system. Indeed, a
complex central circuitry involving many brain areas and neuro-
transmitters receives a continuous flow of information related to
these parameters and operates intricate mechamsms controlling
corrective visceral and behavioral responses that include stimu-
lation or inhibition of water and salt intake. Several central
neurotransmitters play a significant role in the control of thirst.
The cholinergic, adrenergic and serotonergic systems in the brain
strongly influence watcr intake, exerting both positive and
negative drives on drinking behavior, depending on the area in

which each parucular subset of neurons is located, the subtype of
receptor activated and the animal’s state of hydration [23,24].

The central histaminergic pathways participate in the control
of water and salt intake, but the nature of this participation is not
yet tully understood [25]. Central administration of histamine
into several hypothalamic sites induces a significant increase in
water intake [4,26,27], and the decrease in drinking behavior
promoted by antihistaminics 1s reversed by intracerebroven-
tricular injections of histamine [3,28,29].

By modulating not only histamine synthesis but the synthesis
and release of several other neurotransmitters, central H; recept-
ors may exhibit complex effects on water intake. Indeed, the
central administration of H: receptor agonists, which decreases
brain histaminergic activity, elicits drinking [17], thereby
indicating that this effect cannot be attributed to H; receptor-
dependent modifications in histaminergic activity. In another
paper {30) the authors demonstrated that intracerebroventricular
injections of aselective Hy receptor antagonist attenuates drinking
elicited by intragastric salt-load. The activation of post-synaptic
H- receptors or H. receptors functioning as heteroceptors
modulating the synthesis and release of other neurotransmitters
may cxplain this apparent paradox.

We have previously shown that, in hyperosmotic rats, the
activation of histaminergic H; receptors located in the
ventromedial hypothalamus (VMH) stimulates water intake,
while histaminergic H, receptors in this same region do not
participate 1n the control of drinking behavior in this same group
of animals. In addition, we have also shown that when activated
both H; and H, histaminergic receptors located in the VMH
increase overnight water intake and drinking behavior induced
by a 14-hour period of water deprivation [8].

In another study, we showed that 1) the activation of central H;
and H5 histaminergic receptors stimulates salt intake induced by a
24-hour period of water deprivation, 2) the functional integrity of
central H, histaminergic receptors 1s required to trigger salt intake
1n sodium-depleted rats, while central H; histaminergic receptors
play no significant role in this mechanism and 3) both H; and H;
histaminergic receptors participate in the mechanisms leading to
water and salt intake 1n rats following central angiotensinergic
stimulation [7]. It is itmportant to note that several central
structures and neurotransmitters normally linked to the stimula-
tion of salt intake also increase water intake.

In the present study, third ventricle injections of mepyramine
and cimetidine significantly blunted water intake induced by
hypovolemia, indicating that the functional integrity of these
receptors 1s essential for inducing thirst when blood volume 1s
decreased. Water intake induced by hypovolemia 1s predomi-
nantly triggered by the activation of peripheral and central
angiotensinergic components [23,24,31]. However, it should be
noted that hypovolemia may induce thirst even in the absence of
any Increase in angiotensin 11 levels, as occurs 1n nephrectomized
rats [32]. We have previously shown that the pharmacological
blockade of H; and H; central histaminergic receptors attenuates
water intake induced by central angiotensinergic stimulation [7].
Taken together, the data produced by our laboratory indicate that
brain H; and H; histaminergic receptors are required to induce
drinking 1n the presence of a direct pharmacological stimulation
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of brain angiotensin 1l receptors or following hypovolemia, a
physiological condition associated with the endogenous activa-
tion of central angiotensinergic pathways.

In the present study, third ventricle injections of mepyr-
amine, an I1; antagonist, significantly reduced water intake in
animals recciving an intragastric salt load. This finding is 1n
agreement with previous data from our laboratory showing that
this same typc of receptor located in the VMH 1s also necessary
tor the full expression of water intake in hyperosmotic animals.
In addition, in the present study, third ventricle injections of
cimetidine, an H, antagonist, significantly i1mpaired the
dipsogenic response induced by hyperosmolarity, while in the
previously mentioned study, injections of cimetidine into the
VMH failed to modify drinking behavior induced by this
condition. The accumulated data from our previous and current
studies indicate that 1) H, histaminergic receptors located both
in the VMH and in other brain regions reached by 1njections of
histaminergic drugs into the third ventricle participate 1n the
thirst-inducing mechanisms triggered by hyperosmolarity and
that 2) the activation of brain H-, histaminergic receptors located
tn regions reached by injections of histaminergic drugs into the
third ventricle 1s necessary to induce drinking in hyperosmotic
animals, while these receptors located in the VMH play no
significant role in this response.

Water intake induced by hyperosmolarity depends strongly on
the activation of central cholinergic pathways and different brain
areas may be mnvolved [23,24,31,33,34] In this study, the
pharmacological blockade of brain H, histaminergic receptors
significantly decreased water intake both 1n animals submitted to
an Intragastric salt load and in animals receiving central
cholinergic sumulation. Conversely, the pharmacological block-
ade of brain H-» histaminergic receptors attenuated water intake in
hyperosmotic animals, but failed to modify water intake in the
group of rats receiving central cholinergic stimulation by third
ventricle injections of carbachol. This suggests that hyperosmo-
larity, a physiological condition that certainly induces a myriad of
complex alterations in the diverse central nervous system cir-
cuitries related to thirst regulation, triggers water intake through a
mechanism that requires both H; and H- receptor involvements,
whereas drinking behavior resulting from the pharmacological
activation of central cholinergic pathways does not require H,
histaminergic receptor activation.

A clear interaction has been demonstrated between the central
histaminergic and cholinergic pathways in the central nervous
system [9,10]. The activation of H,; histaminergic receptors
induces a significant increase in cholinergic transmission and
acctylcholine release at many brain sites, and the central
administration of histamine H; antagonists decreases acetylcho-
line release [9,12]. In addition, thc central administration of
sclective H3 histaminergic receptor antagonists, a procedure that
Increases histaminergic neurotransmission, augments ¢-fos 1m-
munoreactivity in cholinergic neurons [11]. In a previous paper,
we suggested that H histaminergic receptors located in the VMH
may exert a sumulatory drive on acetylcholine release by
cholinergic neurons, resulting in an increase In water intake
induced by hyperosmolarity. A similar hypothesis may be applied
here, linking brain H,; histaminergic receptors to the release of

acetylcholine 1n some thirst-triggering region of the brain,
However, third ventricle injections of mepyramine were also
able to attcnuate water intake in animals recciving central
administration of carbachol. This may indicate that H,; histamin-
ergic receptors located 1n circuitrics post-synaptically situated in
relation to the cholinergic pathways may also be involved in the
thirst-inducing mechanisms triggered by central pharmacological
cholinergic activation. These mechanisms leading to water intake
following central cholinergic activation probably do not depend
on histaminergic H- receptors located post-synaptically in relation
to the cholinergic pathways, since central cimetidine administra-
tion failed to modify carbachol-induced drinking behavior.

The thirst-inducing procedures used in the present study
generate physiological and pharmacological stimuli that normally
trigger water intake. Indeed, we have demonstrated that
intragastric salt load, using the same methodology applied in
this study, produces a significant increase in plasma osmolarity
and 1n plasma sodium concentration [8]. Furthermore, subcuta-
neous administration of PEG certainly produced hypovolemia, as
indicated by the significant increase in hematocrit in the group
submitted to this procedure, as compared to the group of control
animals recetving i1sotonic saline solution subcutaneously. The
induction of water intake by central cholinergic stimulation has
been largely demonstrated and the use of intracerebroventricular
administration of carbachol at the doses used in the present study
to induce thirst i1s in accordance with data produced by other
groups of investigators [35].

The inhibitory eftects of mepyramine on water intake
induced by hyperosmolarity, hypovolemia or by the pharma-
cological stimulation ot central cholinergic pathways by
intracerebroventricular injections of carbachol, as well as the
inhibitory effect of cimetidine on water intake induced by
hypovolemia were typically dose-dependent. This indicates a
selective interaction of those compounds with central histamin-
ergic receptors. Analysis of the effects of the various doses of
the compounds used in the present study indicates that H,
histaminergic inhibition of water intake in hyperosmotic
animals requires a greater amount of pharmacological sumula-
tion in contrast with the inhibitory influence exerted by central
H, receptors that 1s obtained after significantly lower pharma-
cological stimulation. It is also important to note that, in
hypovolemic animals, the magnitude of central H; pharmaco-
logical stimulation required to inhibit water intake is signifi-
cantly greater than the central I, pharmacological stimulation
necessary to produce an antidipsogenic effect.

The inhibition of water intake induced by the central
administration of the histamine rcceptor antagonists seems to
result from a specific action of the compounds on the brain
circuitries that regulate drinking behavior and does not indicate
a general impairment of the central nervous system. Indeed, in
previous studies we have used an aversion test to show that third
ventricle injections of either mepyramine or cimetidine fail to
generate any “‘illness-like” effects [7]. Moreover, we have
previously shown that third ventricle injections of these
compounds selectively impair water intake but fail to alter the
hedonic behavior represented by the consumption of a tasty
saccharin solution | 7]. We have also shown that the inhibition of
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water intake induced by the central administration of mepyr-
amine and cimetidine 1s not due to a deficit in locomotor activity
since animals recetving the highest dose of the compounds used
In this study showed no modification in locomotor activity and
behavior as measured by an open field test.

The brain histaminergic system participates in the control of a
large number of visceral and behavioral homeostatic processes [ 1]
such as pain perception and the intake of food, water and salt.
Central histaminergic circuitries are also involved in thermoreg-
ulation and in the control of the sleep/wake cycle. They also
influence cardiovascular and neuroendocrine effectors. Further-
more, the central histaminergic system may be involved In
important pathological conditions. Indeed, subcortical histaminer-
gic projections have shown significant degeneration in Alzhel-
mer’s discase [36,37]; histamine levels and histidine
decarboxylase activity are lower in Alzheimer disease and Down'’s
syndrome |38,39]; histamine levels in the brains of patients with
Parkinson’s discase are selectively higher in the putamen,
substantia nigra and globus pallidus [40]; and levels of r-methyl-
histamine, a histamine metabolite, are higher in the spinal fluid of
schizophrenic patients [41]. All these facts, associated with the
large clinical application of anti-histaminergic agents such as anti-
allergic or antacid agents that cross the blood—brain barrier, as well
as some antipsychotics and recently developed antidepressants,
make the brain histaminergic system a target for an extensive list of
drugs used in current medical practice. Therefore, the investigation
of the physiological roles played by central histaminergic receptors
J1s opportune and relevant.
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5 DISCUSSAO

Modificagdes no volume e na osmolaridade dos liquidos corporais, bem como
alteracOes na pressao sanguinea, desencadelam mecanismos de ajustes do equilibrio
hidroeletrolitico, entre os quais a ingestdo hidrica e o apetite por sodio tém papel
reievante (JOHNSON et al., 1997). Os mecanismos de controle da ingestao de agua e
sodio podem ser regulados por diferentes areas cerebrais e vias neurotransmissoras
centrals. A inter-relagdo entre as diversas areas e neurotransmissores geram
comportamentos como a sede € o apetite por sodio, importantes para a manutencao do
equilibrio hidrossalino do organisme

Nesta pesquisa fo1 estudada a participagdo das vias histaminérgicas centrais no
controle da ingestdo hidrica e do apetite especifico por sodio em diferentes situagoes:
hiperosmolaridade, hipovolemia, privacao de liquidos, deplecdao de sodio e estimulagie
anglotensinergica € colinergica centrais.

Os receptores histaminérgicos encontram-se amplamente distribuidos por todo o
sistema nervoso central sendo i1dentificados em diversas areas, como o talamo. nucleos
da rafe, sistema limbico, nucleos hipotalamicos, hipocampo, amigdala e substancia
negra (CHANG et al., 1979, PALACIOS et al., 1981, BOUTHENET et al., 1988,
TRAIFFORT et al., 1992, VIZUETE et al., 1997, BROWN et al., 2001). No presente
estudo, o terceiro ventriculo fo1 escolhido como local de administracao das drogas
devido a sua proximidade com as areas hipotalamicas, responsaveis pelo controle
hidrossalino, e devido a possibilidade de distribuigdo ampla das drogas no sistema
nervoso central. As areas e nucleos circunventriculares apresentam alta densidade de
receptores histaminérgicos dos tipos H; e H;, além de receberem grande numero de

projecoes histaminergicas oriundas do nucleo tuberomamilar hipotalamico
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(WATANABE et al., 1984, THRASHER, 1989, TRAIFFORT et al., 1992, GOOT &
TIMMERMAN, 2000, BROWN et al., 2001).

A participagdo das vias histaminé€rgicas centrais € de seus receptores no controle
do equilibrio hidrossalino ainda n3o esta totalmente esclarecida. Poucos estudos
mostram a participagdao dessa vias nos comportamentos de ingestao hidrica. O aumento
da histamina cerebral em diferentes areas hipotalamicas, seja pela redugcdo do seu
catabolismo ou por sua administragdo central diretamente, provoca aumento da ingestao
nidrica em ratos (LEIBOWITZ, 1973, KRALY, 1983, SPEACHT & SPEAR. 1989,
LECKLIN & TUOMISTO, 1995). Ao contrario, a administracdo de substancias anti-
histaminérgicas, como a promazina, no hipotalamo lateral, reduz significativamente a
ingestdo hidrica em animais privados de liquidos por 23h. O efeito inibitorio do anti-
histaminico sobre a ingestdo hidrica € revertido com a administracdo central de
histamina (GERALD & MAICKEL, 1972, KRALY, 1990, CLAPHAN et al., 1993).

Em estudo anterior de nosso grupo observou-se que a administracio dos
agonistas histaminérgicos HTMT (6-[2-(4-Imidazol)etilamino]-y-(4-trifluorometilfent!
heptanocarboxamida) e dimaprita, especificos para os receptores histaminergicos dos
tipos H; e H; no nicleo ventromedial hipotalamico (VMH), nas doses de 100 e 200
nmol respectivamente, provoca efeito dipsogénico em animais normhidratados
Investigou-se tambeém a participagdo dos receptores histamin€rgicos no comportamento
de ingestdo de agua pos-prandial. Verificou-se que a administracdo do antagonista para
os receptor histaminergico dos tipo H;, mepiramina, no VMH i1nibe a ingestdo hidrica
nos-prandial, mas a reduc¢do induzida pela cimetidina, antagonista para os receptor
histaminérgico dos tipo Hj, ndo fo1 estatisticamente significativa (MAGRANI, 2003).

No mesmo estudo, utilizando um outro protocolo experimental, verificou-se que

a mepiramina administrada nas doses de 25, 50 e 200 nmol inibe a ingestdo hidrica de
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forma dose-dependente em animais privados de liquidos por 14 horas, enquanto que a
aaministracao de cimetidina reduz significativamente a ingestdo hidrica em animais
privados de agua apenas na maior dose utilizada, 200 nmol. Em animais submetidos a
desidratacdo osmotica induzida pela administracdo intragastrica de salina hipertonica
(1,5%), a administracdo de mepiramina na dose de 200 nmol reduz significativamente a
ingestao hidrica, ja a administragao de cimetidina ndo modifica a ingestao de agua nos
animais nesta condicido em nenhuma das doses utilizadas (MAGRANI et al., 2004).
Estes resultados demonstram a participagdo das vias histaminergicas € de seus

receptores H; € H; nos mecanismos de controle da ingestao hidrica em diferentes
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ondi¢des. Observa-se um papel mais efetivo dos receptores do tipo H; no controle da
ingestao hidrica desencadeada por desidratagdo intracelular. Por outro lado, os
receptores do tipo H, mostram-se mais efetivos nos mecanismos de ingestdo hidrica
nrovocados por desidratacao extracelular.

Dando continuidade a este estudo, decidiu-se investigar outros aspectos da
participacdo das vias histaminergicas e de seus receptores na regulacdo da ingestédo
hidrica ainda n3o esclarecidos pela literatura. Procedeu-se, assim, a administracao do
antagonista histaminérgico para o receptor do tipo H;, mepiramina, nas doses de 100,
200 e 400 nmol no III ventriculo de animais submetidos a sobrecarga de sodic
intragastrica. Observou-se, entdo, 1nibigdo da ingestdo hidrica de forma dose-
dependente. Por outro lado, a administracdao do antagonista para o receptor do tipo Ha,
cimetidina, nas mesmas doses, provocou redugdo significativa na ingestdo hidrica
somente na maior dose utilizada (400 nmol). Estas respostas foram semelhantes as
observadas no estudo anterior, quando em animais submetidos as mesmas condigOes de
hiperosmolaridade, a administragio de mepiramina no VMH, apresentou efeito

antidipsogénico mais eficaz quando comparado a administragdo de cimetidina



(MAGRANI et al., 2004). A participagao dos receptores histaminergicos do tipo H; nos
processos de regulagdo da ingestao hidrica induzida por hiperosmolaridade parece ser
mais efetiva, quando comparadas ao papel dos receptores do tipo H:.

Chiaraviglio € Perez Guaita, em 1984, demonstraram o envolvimento dos
receptores histaminérgicos do tipo H;, localizados na regido antero-ventral do IIl
ventriculo (A3V), na ingestao hidrica induzida pela sobrecarga de sodio intragastrica.
Esta regido € conhecida por seu papel no controle da ingestao hidrica. Diversos estudos
mostram que, além da histamina, outros neurotransmissores presentes nesta regiao
podem participar da regulacdo da ingestdao hidrica. A lesdo eletrolitica da regido A3V
reduz a resposta dipsogénica induzida por angiotensina 1I, pela estimulagdo colinérgica
central, pela privacao hidrica e pelo aumento da osmolaridade plasmatica. Enquanto que
a estimulacdo elétrica dessa regidao pode desencadear respostas dipsogé€nicas e
natriofilicas (VIEIRA et al., 2006). Esses dados sugerem que a participac¢ao de diversos
neurotransmissores, incluindo a histamina, nos processos de regulacao do balango
hidrico no organismo pode estar diretamente relacionada com a sua localizagac e
distribuicao cerebral.

Os diferentes estimulos utilizados, privacao de liquidos e sobrecarga de sodio
provocam modificagOes tanto do volume quanto da concentragao dos ions dos liquides
intracelulares e extracelulares. Estas alteracoes da volemia e da osmolaridade ativam
diferentes mecanismos para a regulacdo da homeostasia hidrossalina. Modificagoes da
osmolaridade extracelular ativam ce€lulas neuronais especializadas localizadas
especialmente em estruturas circunventriculares. Essas c€lulas sao sensiveis a pequenas
modificagOes da osmolaridade do liquido extracelular e enviam sinais neuronais para
outras areas centrais, como o0 nucleo predptico mediano, nucleo supradptico € nuclee

naraventricular desencadeando assim, modificacdes da atividade neuronal que

HI‘P
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estimulam a sede e o comportamento de ingestdo hidrica. A redu¢cdo do volume dos
liguidos corporais ativa receptores de estiramento localizados no arco aortico € seio
carotideo, alem de receptores nos atrios cardiacos, que emitem sinais atraves dos nerves
vago e glossofaringeo para o nucleo do trato solitario. Este nucleo comunica-se com
areas hipotalamicas que estimulam a liberacdo de hormonios, a exemplo da All e AVP,
que 1rao promover reten¢do renal de agua e sodio, alem de estimular a ingestao de agua
e sal visando ao restabelecimento dos volumes normais (FITZSIMONS, 1998).

Entre as diversas vias neurotransmissoras centrais tem sido demonstrado que as
vias colinérgicas tém papel relevante no controle da ingestao hidrica induzida pela
hiperosmolaridade. De fato, observou-se que o comportamento de ingestdao hidrica
desencadeado pela situagcdo de hiperosmolaridade plasmatica ativa diretamente as vias
colinérgicas centrais em varias areas cerebrais (HOFFMAN et al., 1978, SAAVEDRA,
1992, FREECE et al., 1995, JOHNSON & THUNHORST, 1997). As vias colinérgicas
centrais participam de forma direta dos mecanismos de controle da ingestao hidrica
(MENANI et al.,, 1984). A administra¢dao na area septal € no hipotalamo do agonista
colinérgico, o carbacol, provoca significativo aumento da ingestdo hidrica em ratos
(STRICKER & MILLER, 1968, ANTUNES-RODRIGUES & COVIAN, 1971). O
mesmo efeito dipsogénico € observado quando este agonista € administrado no IIf
ventriculo (ANTUNES-RODRIGUES & McCANN, 1970).

Tendo em vista que a administragdo de antagonistas histaminergicos no III
ventriculo modifica a ingestdo hidrica induzida por hiperosmolaridade, decidiu-se
investigar a possivel interacdo entre as vias histaminéricas € colinergicas centrais no
controle da ingestao hidrica. Verificou-se que o bloqueio dos receptores histaminérgicos
do tipo H;, atraveés da administracao de mepiramina, reduz significativamente a ingestao

hidrica induzida pela estimulagdo colinérgica através da administragdo de carbacol no
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IIl ventriculo. Ao contranio, a administracio de cimetidina, antagonista para oS
receptores histaminérgicos do tipo H, ndo € capaz de bloquear a resposta dipsogenica
induzida pela administra¢do central do agonista colinergico (MAGRANI et al., 2006).

Outros estudos tém demonstrado a relagdo entre as vias histaminergicas e
coiinergicas no sistema nervoso central. A liberacao de acetilcolina no nucleo estriado
ventral, hipocampo e areas hipotalamicas, sofre modulagdo dos neuronios
histaminérgicos colocalizados nestas areas (RAQO et al., 1987, PRAST et al.,, 1999,
BACCIOTTINI et al., 2000 e 2001). A estimulagdo dos receptores histaminérgicos do
tipo H; localizados em neuronios colinergicos aumenta significativamente a transmissao
colinergica e a liberagdo de acetilcolina no nucleo estriado ventral. Entretanto, efeito
oposto pode ser observado quando sdao estimulados os receptores histaminergicos do
tipo H; localizados em neuronios dopaminérgicos do nucleo estriado ventral (PRAST et
al., 1991 e 1999). Esses dados estdo de acordo com os resultados aqui apresentados,
onde o bloqueio dos receptores histaminérgicos do tipo H;, mas nao dos receptores do
tipo H,, reduz de forma significativa a ingestao hidrica desencadeada pela estimulagaco
colinergica central. Mostrando uma maior e mais efetiva participacao dos receptores do
fipo H;, tanto no controle da ingestdo hidrica, quanto na modulacdo da liberacdao de
agentes colinergicos em diferentes areas centrais

A sede pode ser desencadeada por diterentes situagdes que alteram tanto volume
quanto a osmolaridade dos liquidos corporais, entre estas condi¢gdes pode-se citar: a
hemorragia com redugdo significativa de volume sanguineo, a deplecdo de sodio
causada por uso de diuréticos ou por alteragdes patologicas da excregcao e reabsor¢ao de
eletrolitos pelos rins € por vomito e diarreila. No caso do estado hipovolémico
desencadeado pela reducdao do volume dos liquidos corporais ocorre a ativagao de

diferentes mecanismos centrais € perifericos, como a secre¢do de hormonios a exemplo



da vasopressina, da aldosterona e da angiotensina II, que, sozinhos ou associados,
aumentam a pressdao sanguinea, reduzem a excrecdo renal de agua e eletrolitos e
estimulam a 1ngestdao hidrica, bem como o apetite por sodio, visando ao
reestabelcimento das condi¢cdes homeostaticas normais. (JOHNSON, 1982, REID,
i984, SAAVEDRA, 1992, JOHNSON & THUNHORST, 1997, FITZSIMONS, 1998).

Um dos protocolos experimentais utilizados para desencadear a sede
hipovolémica € a administragdo subcutanea de polietileno glicol (PEG), que provoca
migracdo do liquido extracelular para a regidao da injecao, levando a mudangas no
volume dos compartimentos de liquidos corporais € causando o estado de hipovolemia
e, conseqiientemente, a sede. O estado hipovolémico causa tanto aumento da ingestao
hidrica quando do apetite por sodio, visto que ambos, volume e osmolaridade dos
liquidos corporais, precisam ser restabelecidos, muito embora o primeiro fator a ser
corrigido seja a volemia.

No presente estudo, animais submetidos a condi¢do hipovolémica, atraves da
administracao subcutanea de PEG, apresentaram reducdo significativa da ingestdo
hidrica apos a administracdo no III ventriculo dos antagonistas para os receptores
histaminergicos dos tipos Hy € H;, mepiramina e cimetidina. A mepiramina apresentou
nmol, enquanto a cimetidina bloqueou a resposta dipsogéncia em todas as doses
utilizadas, 25, 50 e 100 nmol, de forma dose-dependente. Esses dados demonstraram
uma participagao mais efetiva dos receptores do tipo H; no estado de hipovolemia de
iue os receptores do tipo Hy.

Como as vias angiotensinérgicas tém importante papel no controle da sede
hipovolémica, decidiu-se investigar a interacdo entre as vias histamineérgicas e

anglotensinérgicas centrais nesse controle. O aumento da angiotensina endogena, seja
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central ou periférica, ativa diferentes mecanismos que provocam o comportamento de
ingestao de agua. Centralmente, 0 aumento nos nivels de angiotensina ativa neuronios
no OSF e OVLT, areas estas que fazem parte do circuito de controle da sede
{THRASHER et al., 1982). Peritericamente, em situagdes de hipovolemia, o complexo
justagiomerular renal, através da liberacao de renina, aumenta os niveis de angiotensina
[1 circulante que atua nas mesmas areas cerebrais, OSF e OVLT, alem da area postrema,
tambem estimulando a sede (FITZSIMONS, 1972).

No presente estudo, a administragcdo dos antagonistas histaminergicos para os
receptores dos tipos H; e H; foi capaz de reduzir a resposta dipsogénica desencadeada
nela administragdo central de angiotensina II. A administracdo no III ventriculo de
mepiramina apresentou potente efeito inibitorio sobre a ingestao hidrica somente nas
maitores doses utilizadas (200 e 400 nmol), enquanto que a administracdo de cimetidina
promoveu 1nibicdo da ingestao hidrica causada pela angiotensina em todas as doses
utilizadas nos experimentos (100, 200 e 400 nmol) (MAGRANI, 2005). Os dados
obtidos nesse trabalho sugerem uma possivel interacdo entre as vias histaminérgicas e
angiotensinergicas centrais no controle da sede induzida por variagdes dos volumes
corporais.

Assim, pode-se concluir que os receptores histaminérgicos H; e H, participam
de forma diferenciada dos mecanismos de controle do balanco hidroeletrolitico do
organismo. Enquanto os receptores do tipo H; parecem ser mais importantes no controle
da sede induzida por estimulos osmoticos € por ativagdo colinérgica, os receptores H:
mostram maior efetividade no controle da ingestdo de agua induzida por estimulo
voléemico e por ativagdo de vias angiotensinergicas.

Outro comportamento importante para manutencao do equilibrio hidrossalino do

organismo € a ingestdo de sal. O apetite por sodio pode ser desencadeado em resposta a
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diversos fatores como a hipovolemia, a hiponatremia, € por modificagdes na liberacao
de renina, mineralocorticoides e outras substancias hormonais (DENTON, 1982). A
modificacdo na concentracdao de ions nos liquidos corporais, principalmente a do sod:o,
¢ percebida por ceélulas sensiveis a este ion localizadas no orgdao vasculoso da lamina
terminal (OVLT) e no orgao subfornical (OSF) (NODA, 2006). O mecanismo de
percepcdo dessas alteracdes € extremamente sensivel a ativagdao desses osmorecptores
freceptores de Na', desencadeando a ativagdo de vias neurotransmissoras centrais que
esttmuiam ou inibem o comportamento de apetite especifico por sddio (ANTUNES-
RODRIGUES et al., 2004, DANIELS & FLUHARTY, 2004}

Nesse estudo decidiu-se i1nvestigar tambeém a participagdo das wvias
histaminérgicas centrais no controle do apetite especifico por sodio. Tres modelos
experimentais, que tém sido empregados correntemente por diversos grupos de
pesquisas dedicados a este tipo de estudo - privagdo de liquidos; deplecdao de sodio e
estimulacdo angiotensinérgica central - foram utilizados no presente estudo.

Em condicdo de privagdo liquida por 24h nos animais que receberam a
administracdo no III ventriculo do antagonista para o receptor histaminérgico do tipo
H,, mepiramina, observou-se reducao significativa da ingestao de sal em todas as doses
utilizadas (100, 200 e 400 nmol), sendo esse efeito inibitorio dose-dependente. Nos
animais submetidos ao mesmo protocolo experimental, que receberam administragdo do
antagonista para os receptores histaminergicos do tipo H;, cimetidina, ndo se observou
modificacdo da ingestdo de sal quando comparados aos animais controles

Nos grupos de animais submetidos a deplecao de sodio, através da administragcao
subcutanea do diuretico furosemida associada a uma dieta livre de sodio, a
administragdo central de mepiramina levou a redugdo significativa da ingestao de sodia

apenas na dose de 400 nmol. Nos animais tratados com a cimetidina também se
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verificou reducao da ingestdo de sal, contudo, nenhuma das doses utilizadas apresentou
diferenca estatistica significativa quando comparadas com o grupo controle.

Na condi¢do de privagdo de liquidos ocorre a reducdo do volume do liquido
extracelular e conseqiiente modificagao na osmolaridade plasmatica. Por outro lado, a
situacdo de deplecdao de sodio, desencadeada pelo o uso de diuretico, provoca aumento
da excre¢cdo urinaria com perda tanto de volume quanto de solutos (FITZSIMONS,
1961). A turosemida, assim como a bumetanida, sao diwuréticos de al¢ca que diminuem a
reabsorc¢ao de ions no ramo ascendente espesso da al¢ca de Henle atraves do bloqueio do
co-transporte de Na /K /2CI". Esta redu¢do da reabsorcdo de eletrolitos leva ao aumenta
da osmolaridade nas por¢des finais do néfron reduzindo a reabsor¢ao de agua neste
segmento, aumentando a excre¢ao urinaria tanto em volume quanto em concentragoes
de ions. Desta forma, as privagdes de liquidos, bem como a deple¢cao de sodio, provoca
modificagdes nas concentragdes 10nicas plasmaticas e no volume dos liquidos corporats,
acionando mecanismos centrais que provocam o apetite por sodio (GREENLEAF,
1992, TAKAMATA et al., 1994). Dados da literatura mostram que as estruturas
circunventriculares, como o OSF e o OVLT, sdo ativadas quando ocorre deplecao de
sodio no organismo. Por outro lado, lesdes nestas areas reduzem significativamente o
apetite por sodio em animais depletados deste ion (HIYAMA et al., 2002; LIEDTKE,
2005A € 2005B; NODA, 2006).

Os resultados apresentados no presente estudo mostram que quando o0s
receptores histaminergicos do tipo H; s3o bloqueados, a resposta natriofilica
desencadeada pelos estimulos de privacao de liquidos e deplecao de sodio € abolida. No
entanto, quando ocorre o bloqueio dos receptores histaminérgicos do tipo H;, a resposta

natriofilica promovida pela deplecao de sodio € reduzida, porem ndo de forma
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significativa, enquanto que na situagdao de priva¢do nao ocorre qualquer modificagdao da
ingestao de sodio.

No protocolo experimental em que os animais foram submetidos a estimulag¢ado
angiotensineérgica central, o bloqueio tarmacologico dos receptores histaminergicos dos
tipos H; e H;, em todas as doses utilizadas (100, 200 e 400 nmol), provocou um potente
efeito inibitorio da ingestdo de sodto.

A regulacgdo central do apetite especitico por sodio esta associada a ativagao de
diferentes areas e vias neurotransmissoras centrais que podem estimular a liberagcao de
hormonios tais como: aldosterona e angiotensina II (GALAVERNA et al., 1996,
SHELAT et al., 1999), ou inibir outras vias reguladoras a exemplo das wvias
acitocinergicas e serotoninergicas centrais (MENANI et al 1998, CASTRO et al., 2002
e 2003). Em condi¢cdes de hiponatremia ocorre estimulo para a liberagdo tanto da
angiotensina Il quanto de aldosterona, provocando, assim, aumento da reabsor¢ao renal
de sodio. No quadro de hipernatremia ocorre reduc¢ao da liberagdo dessas substancias e,
consequentemente, aumento da excre¢ao renal de sodia.

Os dados do presente trabalho sugerem a existéncia de uma interagdo entre as
vias histaminérgicas e angiotensinérgicas centrais na regulacao do apetite especifico por
sodio. Dessa forma, pode-se concluir que as vias histaminérgicas atraves dos seus
receptores H, € H, tém papel relevante nos mecanismos de controle tanto da ingestao
nidrica, quanto do apetite por sodio. Esses processos de controle da homeostasia
hidroeletrolitica do organismo envolvem a interagdo das vias histaminérgicas com
cutras vias neurotransmissoras centrais, a exemplo das wvias colinergicas e
angiotensinergicas. Observou-se também que a efetividade dos receptores do tipo H; €
maior quando ocorrem modificagdes nas condigdes osmoticas dos compartimentos de

liquidos corporais. Alem disso, a atividade deste receptor parece fundamental para o
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efeito estimulatorio das vias colinergicas sobre a ingestio hidrica. Por outro lado, a
participagdo dos receptores do tipo H, esta relacionada a alteragdes do volume dos
liquidos corporais, bem como a reposta dipsogenica desencadeada pela angiotensina II.

Os agentes farmacologicos utilizados nesse trabalho apresentam especificidade
para os receptores histaminergicos H; e H, (ISON, et al., 1973, HILL, 1990, GOOT &
TIMMERMAN. 2000) e as dose administradas estao em concordancia com os dados da
Literatura (KRALY, et al, 1995, LECKLIN & TUOMISTO, 1995). Wyngaarden &
Seevers, em 1951, mostraram que altas doses de substancias anti-histaminé€rgicas
afetam o sistema nervoso central, provocando excitagdo € convuisdo em criangas,
depressdo e coma em adultos. Dessa forma, optou-se por utilizar doses de, no maximo,
400 nmol, pois doses maiores de agonistas € ou antagonistas histaminergicos podem
causar excitacao central e convulsao em ratos (GERALD & MAICKEL, 1972)

Q conhecimento do papel funcional dos receptores histaminergicos Hy € H; no
controle hidrossalino € relevante desde que antagonistas desses receptores tém sido
empregados na clinica medica. Estudos clinicos mostram a utilizacdo dos antagonistas
dos receptores histaminergicos H, no controle € na reducio do ganho de peso em
pacientes esquizofrénicos tratados com olanzapina (antipsicotico) que tendem a ter
aumento de peso corporal durante o tratamento. A utilizacdo de olanzapina em
associlacao com nizatidina (antagonista H) tem como resposta estabilizacdo do ganho
de peso destes pacientes e até reducdao do peso corporal posterior (SACHETTI et al.,
2000}

O uso dos antagonistas histaminérgicos para o receptor do tipo Hj, cimetidina,
ranitidina e fomatidina, quando administrados intragastricamente em ratos provocam
reducdo no consumo alimentar (STOA-BIRKETVEDT et al., 1997). Essa reducao da

ingestao alimentar pode estar associada ao bloqueio dos receptores histaminergicos do
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tipo H, periféricos, como ocorre no tratamento de doencas gastricas, como ulceras,
tendo como efeito redu¢ao ou mesmo a supressao da produg¢ao de acido gastrico, o que
provoca diminui¢do na absor¢do de nutrientes pelo intestino e conseqiiente perda de
peso (STOA-BIRKETVEDT, 1993). O uso de antagonistas histamine€rgicos no
tratamento de patologias gastricas (BRINBLECOMB et al., 1975) e no controle e
reducao de peso (STOA-BIRKETVEDT, 1993, STOA-BIRKETVEDT et al., 1996}
pode ser futuramente estendido para o tratamento de patologias relacionadas a regulagao
do balango hidroeletrolitico do organismo, propiciando maior efetividade nos
tratamentos de patologias associadas a alteragdes na atividade dos receptores
hustaminérgicos. Acredita-se que o presente estudo contribui significativamente para o
desenvolvimento do conhecimento a respeito da participacdo das vias histaminérgicas

centrais no controle da ingestdo hidrica e do apetite por sodie



6 CONCLUSAO

Os resultados apresentados neste estudo demonstraram a participagdo dos
receptores histaminérgicos centrais nos mecanismos de controle da ingestdo hidrica e
regulacdo do apetite por sodio.

Os efeitos 1nibitorios obtidos com a administragdao dos antagonistas especificos,
mepiramina € cimetidina, na ingestdo hidrica induzida pela hiperosmolaridade,
hipovolemia e estimulagdao colinérgica central mostram a participagdao desses tipos de
receptores na regulacdo do balango hidrico. Os dados mostram uma participagdo mais
eficiente dos receptores histaminérgicos do tipo H; em todos os modelos de sede
apresentados, enquanto os receptores histaminérgicos do tipo H, apresentaram maior
tuncionalidade na condi¢dao de hipovolemia.

O bloqueio farmacologico dos receptores histaminergicos do tipo H; resultou em
eficaz reducgdo da ingestao especifica de sal em animais submetidos a deplecao de sodio,
privagdo hidrica e estimulagdo angiotensinergica. Os mesmos protocolos utilizados com
os receptores histaminérgicos do tipo H, apresentou resultado apenas nos animais
submetidos a estimulagdo angiotensinergica. Esses dados sugerem uma participagao
mais efetiva dos receptores do tipo H; nos mecanismos de regulagdo do apetite por
sodio quando comparados aos receptores do tipo H, Sugerem também que os
receptores do tipo H, apresentam funcionalidade mais especifica na resposta natriofilica
desencadeada pela estimulagdo angiotensinérgica central.

O conjunto dos dados mostra uma interagdo seletiva entre vias e receptores

histaminérgicos e as demais vias centrais de regulacdo do balango hidroeletrolitico do

Organismo.
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