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De onde ela vem?! De que matéria bruta
vem essa luz que, sobre as nebulosas
cai de incognitas criptas misteriosas
como as estalactites de uma gruta?!

Vem da psicogenética e alta luta
do feixe de moléculas nervosas,
gue, em desintegracdes maravilhosas,
delibera, depois quer e executa!

Vem do encéfalo absconso que a constringe,
chega em seguida as cordas da laringe,
tisica, ténue, minima e raquitica...

Quebra a forga centripeta que a amarra
mas, de repente, e quase morta, esbarra
no molambo da lingua paralitica!

(Augusto dos Anjos, 1884-1914)



RESUMO

Neste trabalho, estudou-se a interacdo dos efeti@brais da cafeina e da
desnutricdo. Ratas Wistar foram desnutridas néaateinto pela dieta basica regional (DBR,
com 8% de proteinas de origem predominantementetalggSeus filhotes receberam, aos
70-75 dias de idade, 30 mg/kg de cafeina ou solsefina, por via intraperitoneal. Parte
desses animais foi testada no modelo comportameoriecido como “inibicdo latente” (IL).
A outra parte foi submetida ao estudo do fendmemddepressao alastrante da atividade
elétrica cerebral (DAC). A cafeina bloqueou a Hntb no grupo DBRquanto em um grupo
controle, bem-nutrido. Num terceiro grupo, desdoatripela DBR,, suplementada na
quantidade(22%), mas ndo ngualidadedas proteinas (suplementacdo a custa dos alimentos
da DBR), o efeito da cafeina sobre a IL desaparég€emo, na IL, 0s animais precisam ser
injetados com cloreto de litio (LiCl), estudou-aenbém os efeitos do LiCl sobre a DAC. A
cafeina ndo alterou, enquanto o LiCl reduziu a ggagdo da DAC no grupo DBRmas ndo
nos grupos nutrido e DBR Nossos resultados demonstram efeitos antagbdeasmfeina
sobre a IL e do LiCl sobre a DAC, os quais dependiemestado nutricional durante o
desenvolvimento cerebral, sugerindo interacdo dmgacdo. Sugere-se também o
envolvimento da cafeina na modulacdo de recepsufesorticais, envolvidos com a atencao
seletiva no nucleo acumbens, mas sem acdo exmessiwneocortex, onde a DAC foi
avaliada.

Palavras-chave:Desnutricdo; Cafeina; Litio; Inibicdo latente; Degsdo alastrante cortical;
Atencao.



ABSTRACT

In this work, theteraction between the cerebral effects of caffeine
and malnutrition was studied. Female Wistar ratseewealnourished during the lactation
period by the regional basic diet, with 8% proteredominantly from vegetable sources
(RBDg). Their pups, at 70-75 days of age, received foo@secutive days either 30 mg/kg
caffeine or saline solution, via intraperitonegéation. Part of these animals was tested in
the behavioral model known as "latent inhibitiohl)( The other part was submitted to
the study of the phenomenon known as "corticalajing depression” (CSD) of the brain
electrical activity. Caffeine blocked LI in the RBBAs well as in a control, well-nourished
group. This behavioral effect of caffeine was resrsin another malnourished group fed a
protein-supplemented RBD (protein content increased22% by increasing the
proportion of the same foodstuffs from vegetabligior RBD,, group), suggesting an
interaction between caffeine and dietary proteimteot. Since in LI procedure the
animals had to be injected with lithium chlorideLl), we decide also to study the effects
of LiCl on CSD. Caffeine did not alter CSD, wheréaSI reduced the CSD propagation
in the RBO}-, but not in the well-nourished and in the RBDgroup. Our results
demonstrate antagonistic effects (1) of caffeind.loand (2) of LiCl on CSD, both effects
depending on the nutritional status during the lm@ledevelopment, suggesting a drug-
nutrition interaction. It is suggested the invoharh of caffeine in the modulation of
subcortical receptors, involved with selective mtiten processes in the nucleus acumbens,
but without expressive action in the neocortex, @SD was evaluated.

Keywords: Malnutrition; Caffeine; Lithium; Latent InhibitignAlastrant depression cortical;
Attention.
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1. INTRODUCAO

Os macro e micronutrientes dos alimentos sédo aditiz pelo organismo para a
producdo de energia, para as sinteses organicandios, neurotransmissores e outras
moléculas fisiologicamente relevantes), bem comaramte o desenvolvimento, para a
formacdo de estruturas celulares. AlimentagOes emaadas, associadas ou nédo a
manipulacbes sensoriais ou motoras, podem ocas#itgacdes permanentes em algumas
estruturas e funcdes cerebrais durante o desemait® (ALMEIDA et. al, 2002;
MORGANE et. al, 1978, 1993). No rato, o periodo do aleitamedtmr(ascimento até o 21°
dia de vida) € muito importante para o desenvolatmemorfo-fisiolégico cerebral, e é
denominado fisiologicamente como: Periodo de Omemtio Rapido do Cérebro. Muitas
vezes, a capacidade cerebral de modificar suatégtnade desenvolvimento e/ou de
funcionamento em face de solicitacdes ou alteragfiggmicas e ambientais (conhecida como
“plasticidade neural”), evidencia-se como resultadaptativo do organismo as manipulacdes
do meio ambiente (MORGANEt. al, 1978, 1993; WINICK; ROSSO; BRASEL, 1972).

Alteracbes em alguns parametros comportamentaiso cboumor, temperamento,
percepcdo e motivacdo, também podem ser ocasionaelas desequilibrio de alguns
nutrientes na dieta, tais como as proteinas, cu @@isumo de farmacos psico-estimulantes,
como a cafeina. Dietas ricas em proteinas parecemraar 0s niveis de aminas cerebrais, o
gue pode resultar na melhora de estados deprespogsvelmente por fornecer sensacdes de
mais vigor, prazer e alerta em pessoas que est@iobaixa motivagcdo na realizacdo de
aprendizagens diarias (ALVES; AGUIAR; GUEDE®05). Associado ao fator nutricional, o
consumo de cafeina pode determinar alteracdes ctampntais (FREDHOLMet. al, 1999;
HOLLOWAY JUNIOR, 1982; MCKIM, 1996; SINTON; VALATY; JOUVET, 1981;
SOBOTKA; SPAID; BRODIE, 1979) e eletrofisiolégicaslevantes para a fungédo cerebral
(SIEPMANN; KIRCH, 2002). E observacio freqiientesneiedade moderna que a populagio
em geral, independente da faixa etaria e do paoeréenico, associa 0 consumo de cafeina
(através do popular “cafezinho”) a ingestdo inadéqude alguns nutrientes, tais como
proteinas. A cafeina (1,3,7-trimetilxantina), é estimulante que em doses na faixa de 10 a
40 mg/kg, ocasiona um aumento da atividade motatficuldade na discriminagéo correta
de estimulos por diminuir a percepcdo para estignubegativos (MCKIM, 1996;
NIKODIJEVIC; DALY, 1993). Em altas doses (acima 4@ mg/kg), produz um estado de
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insbnia, irritabilidade, cefaléia, vertigens e zisios (FREDHOLMet. al, 1999; MCKIM,
1996; SINTON; VALATY; JOUVET, 1981; SOBOTKA; SPAIIBRODIE, 1979).

Por outro lado, o uso de dietas com baixo teoréprot tal como aieta Basica
Regional(DBR — que contém apenas 8% de proté€ina), podepan severas e, muitas vezes,
permanentes alteracbes estruturais (PICANCO-DINGZ al, 1998), bioquimicas
(TEODOSIOet. al, 1990), e eletrofisiolégicas no Sistema NervosoEGES; ANDRADE;
CABRAL-FILHO, 1987; GUEDES; CAVALHEIRO, 1997; ROCHBRE-MELO; GUEDES,
1997; SILVA et. al, 1987). Os estudos eletrofisiolégicos tém mostrgde a desnutricdo
precoce pela DBR facilita a propagacédo do fendm@maDepressao Alastrante Cortical
(DAC). Este fenbmeno caracteriza-se por uma reapdsttecido cortical, provocada por
estimulo mecéanico, elétrico ou quimico aplicadona ponto desse tecido. Esta resposta
consiste na diminuicdo (“depressédo”) da atividatidriea espontanea, que se propaga
(“alastrante”) por todo o cortex cerebral. A desiglb precoce pela DBR leva a alteragfes na
propagacdo da DAC (GUEDES; ANDRADE; CABRAL-FILHO987). Este efeito é
revertido pela suplementacdo protéica da DBR, maguando esta suplementacdo € feita
com proteinas de elevado valor biologico (caseiddPDRADE; GUEDES; TEODOSIO,
1990).

Mais recentemente, estudos comportamentais reazad LAFINNT da UFPE, por
Alves (ALVES; AGUIAR; GUEDES,2005), vém demonstrando que a DBR também pode
ocasionar alteracfes irreversiveis na aprendizadgerastimulos funcionalmente relevantes,
que requerem a participacdo da atencdo, atravamadielo comportamental daibicdo
Latente (LI). Este fenbmeno é considerado um modelo de atengitequcomo base o fato
de que a pré-exposicdo repetida de um estimulormalificulta um condicionamento
posterior, quando este estimulo tem a funcéo demest condicionado (ALVES; GUERRA;
SILVA, 1999; LUBOW; MOORE, 1959). No modelo da Ld, sujeito aprende que este
estimulo ndo sinaliza evento de importancia ouvégleia motivacional, por ndo estar
correlacionado a qualquer reforco, e, devido a essacteristica, o sujeito ndo presta atencéo
ao estimulo, ocorrendo o que Mackintosh chamou peendizagem de irrelevancia
(MACKINTOSH, 1974).

Diante do exposto acima, decidiu-se investigar oretis efeitos comportamentais e
eletrofisiologicos da cafeina no rato adulto, pmewente desnutrido, durante o
desenvolvimento. Considerou-se a presente promogjmal e inovadora, uma vez que a
interacdo cafeina-estado nutricional, nos seuscaspeomportamentais e eletrofisiologicos,

nao tem sido investigada, a julgar pela inexistdel literatura especifica pertinente.
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2. OBJETIVOS

2.1 Geral:

Avaliar, no rato adulto previamente desnutrido de@BR, os efeitos da cafeina sobre
parametros comportamentais da funcdo cerebral @I) eletrofisiolégicos (DAC).
Adicionalmente, investigar se a suplementacdo dR D8 quantidade de proteinas (elevacao
de 8 para 22%), mas ndo na sua qualidade (ele@agéastas dos mesmos alimentos da DBR
original) modificaria tais efeitos; e, por ultimmmo nos procedimentos que foram utilizados
na LI foi necessario tratar os animais com clomolitio, decidiu-se avaliar se haveria

interacdo entre o cloreto de litio e a DAC.

2.2 Especificos

1) Verificar o efeito da cafeina e/ou desnutricdecpce pela DBR sobre o
comportamento de atencéao, através do modelo da LI.

2) Investigar se a suplementacdo quantitativa, mda@squalitativa das proteinas da
DBR influenciaria o efeito acima.

3) Averiguar se a cafeina teria efeitos sobre pggacdo da DAC e se os dois tipos de
desnutricdo (DBR com 8% ou 22% de proteina) inftieemam esse efeito.

4) Analisar se o cloreto de litio (LiCl) adminigdma previamente no modelo
comportamental da LI é capaz de interferir no femdonda DAC.

5) Verificar se haveria uma correlacdo entre ago®as comportamentais e

eletrofisiologicas mensuradas neste trabalho.

3. HIPOTESES

A cafeina afetaria o fenbmeno comportamental da blfenémeno eletrofisiolégico

da DAC e a desnutricdo durante o desenvolvimentebcal modificaria os eventuais

efeitos da cafeina.
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O tratamento com cloreto de litio, necesséario megatimento da LI, afetaria também
a propagacéao da DAC.

4. REVISAO DA LITERATURA

4.1. Nutricdo, processos fisiologicos, processosmabrtamentais e cafeina

A saude é definida como um estado compuletbem-estar fisico, mental e psiquico, e
para que esteja presente no individuo € neceseansiderar a estreita correlacdo entre
nutricdo, processos comportamentais e fisiologiQagando esta triade ndo esta em perfeito
equilibrio, ela interfere na imunidade, morbidademertalidade do individuo (ALVES;
AGUIAR; GUEDES, 2005; CHAVESet. al, 1975. Desta forma, podemos colocar em
destaque a importancia da nutricho para a manwengd equilibrio dos processos
comportamentais e fisiologicos necessarios parabaegivéncia do individuo (ALVES;
AGUIAR; GUEDES, 2005; BRANDAO; MORATO, 2002; DOUGIS\ 2002).

4.1.1. Nutricao e processos fisiologicos

As necessidades nutricionais fundamerdas seres humanos, tais como calculadas
atualmente, resultam na ingestao diaria de alinseqte devem fornecer aproximadamente,
10 a 15% de proteinas, 15 a 30% de gorduras e/5%6ade carboidratos; bem como menos
de 5g de sal iodinizado e pelo menos 400g de feilfagumes (OMS/FAO 32, 2003). Estes
nutrientes sado utilizados fisiologicamente paracapcao da energia necessaria & manutencao
dos processos fisiolégicos, bem como para a sirdeséormoénios, neurotransmissores,
citoesqueleto e membranas celulares, dentre oupuwasndo ocorre algum tipo de alteracao,
de ordem quantitativa e/ou qualitativa, na dietda @pode levar a variacdbes minimas em
funcdes normais de um ser vivo, tais como: preas@oial, osmolaridade, pH, concentracdo
ibnica e outros componentes (DOUGLAS, 2002; MALNIEFECHE; CIPOLLA-NETO,
1999).

Uma dieta balanceada qualitativamente e quanstante, em seus nutrientes,

favorece o desenvolvimento e a organizacdo funtidoa organismos, em especial do
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sistema nervoso (embriogénese). Entretanto, quasdieficiéncias alimentares ocorrem no
periodo inicial da vida (em ratos, durante o peridd aleitamento e, em seres humanos, do 6°
ou 7° més de gestacdo até 3° ano de vida, aproxmeade) podem comprometer o
desenvolvimento do sistema nervoso. Esse periodonBecido como periodo critico ou
“Periodo de Crescimento Rapido do Cérebro”. Poruserperiodo de intensa atividade
cerebral, nele sdo observadas altas taxas de @m@sgy gliogénese, mielinizacdo e migracéo
celular (DOBBLING, 1968). A manipulacdo nutricion@kperimental nesse periodo pode
ocasionar alteracfes permanentes na quantidadeeuwdénios, na estrutura do cortex, na
arborizacdo dendritica, no nimero de alguns segma@ndriticos, no calibre dendritico de
suas espinhas, da proliferagcdo glial, do diamettona e da mielinizacdo (ALVES;
AGUIAR; GUEDES, 2005; BEDI, 2003; DOUGLAS, 2002; NRGANE et. al.,1993). Pode-

se verificar também a ocorréncia de retardo na nagdio do neocértex, bem como pela
reducdo do peso do cérebro e cerebelo (MORGANE3)198t0 pode ocasionar, na idade
adulta, um cérebro mais susceptivel as agresséasbiente, as quais quando muito severas,
algumas vezes podem produzir efeitos irreversive@)to comportamentais como
eletrofisiologicos, dentre outros (ALMEIDA, 2002;LXES; AGUIAR; GUEDES, 2005;
FUKUDA; FRANCOLIN-SILVA; MORGANE et. al, 1993).

4.1.2. Nutrigdo e processos comportamentais

Alguns processos comportamentais também parecemer saf influéncia dos
nutrientes. O humor, o temperamento, a percepcéwmtvacdo podem estar alterados. Por
exemplo, dietas ricas em proteinas parecem aumestaiveis de dopamina e noradrenalina
cerebrais, resultando em melhora dos estados demese também podem fornecer
sensacgOes de mais vigor, prazer e alerta em peggease encontram desmotivadas para a
realizacdo de tarefas diarias envolvendo apreneimd§ERNSTROM, 1983). Outros estudos
demonstram que dietas ricas em carboidratos pargqmemuzir efeito tranquilizante,
sonoléncia e diminuicdo da atencado. Estes ultinfieisos indicam que os niveis de 5-HT
parecem estar aumentados em condi¢cdes de sobredemgatar de carboidratos (ALVES;
AGUIAR; GUEDES, 2005; FERNSTROM, 1983, 2000; MORATZD04). Por outro lado,
dietas pobres em triptofano diminuem os niveis ddT5resultando em uma maior
sensibilidade a dor, bem como aumentam o compontamgsexual e de agressividade
(FERNSTROM, 2000).
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Outros trabalhos cientificos mostram que a defa#&mlimentar durante diferentes
periodos do desenvolvimento, tal como na embricgggrtambém parece ter uma relacdo com
0 processo comportamental. Estas pesquisas mogtrana sensibilidade e a percepcdo de
estimulos parecem estar alteradas na desnutricBspoBtas comportamentais frente a
estimulos ambientais, bem como diante de fun¢Beis mlaboradas, como execucdo e
coordenacdo de tarefas motoras, aprendizagem e naempdédem ser diretamente afetadas
pela intensidade e duracdo da desnutricdo. Emsoptkavras, sujeitos submetidos a este
insulto demonstram ter dificuldade de fazer now®eaacoes frente aos estimulos ambientais
(ALMEIDA, 2002; ALVES; AGUIAR; GUEDES, 2005; FUKUDAFRANGCOLIN-SILVA;
MORGANE et. al.,1993).

4.1.3 Cafeina, processos fisioldégicos e comportantes

Na sociedade moderna a populacdo em geral, indeptenda faixa etaria e do poder
econdmico consome a cafeina diariamente (SOUZAH&ERI, 2005). Essa substancia esta
presente em nossa alimentagdo, através do consonuafd, do cha, do cacau e/ou do
chocolate, do mate e do guarana, e de outros atmermedicamentos. Todos estes produtos
se caracterizam por conter substancias do grupratdimas (cafeina, teofilina e teobromina),
sendo 0 mais potente a cafeina (Tabela 01). Ar@feiextraida em grande escala da planta
Coffea ardbica egode ser ingerida através de infusdes, medicamentade refrigerantes
industrializados a base de cola e energéticos (FOBEKCHIERI, 2005).

A cafeina (1,3,7-trimetilxantina) € um farmaco dqoterfere com o metabolismo
normal de nucleotideos ciclicos por acdo na enZwséorodiesterase (SUTHERLAND;
RALL, 1958). Atua também em receptores de adendfAdY; BRUNS; SNYDER, 1981).

Os efeitos estimulantes da cafeina, recentemesigolertos, devem-se basicamente a sua
atuacado sobre os receptores de adenosina dososuBtipe Ao (DELUCIA; PLANETA,
2004), onde o receptor de adenosinatia sobre o receptor de dopaminad Ay, atua no
receptor B, por diferentes vias (ENSLEN; MILONWURZNER, 1980; FREDHOLMet. al.,
1999). Esses efeitos neuroquimicos da cafeina pesdembservados por meio de alteracdes
de alguns parametros comportamentais como hummpei@mmento, percepgdo e motivagéo
(HOLLOWAY JUNIOR, 1982; SINTON; VALATY; JOUVET, 198, SOBOTKA; SPAID;
BRODIE, 1979). Igualmente, tais efeitos se reflemrespostas eletrofisiolégicas da funcao

cerebral, como por exemplo, o eletroencefalogré®aBRMANN; KIRCH, 2002). Entretanto,
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atualmente ndo se tem qualquer trabalho publicaterente ao efeito da cafeina sobre o
fendbmeno da Depresséao Alastrante Cortical (DAC).

Tabela 01. Valores de cafeina encontrados em algupmsodutos

Fontes de Cafeina Dose em miligrama
Café 29 a 176 mg/xicara
Cha 8 a 107 mg/xicara
Chocolate 5 a 10 mg/xicara
Refrigerantes do tipo Cola 32 a 65 mg/360 mL
Comprimidos para resfriados e alergias,| e 15 a 64mg/U

em analgésicos

Moderadores de apetite 50 a 200mg/U
Estimulantes 100 a 200mg/U

Drogas prescritas 30 a 100mg de cafeina por capsula
Drogas nao prescritas 15 a 200mg por capsula

Segundo SOUZA, R. A. G.; SICHIERI R., 2005

Estudos sugerem que a acdo da cafeina sobre o tampoto é dependente da dose
utilizada. Para possuir propriedades estimulantées der administrada em doses de 10 a 40
mg/kg (DELUCIA et al, 2007; FREDHOLMet al, 1999; MCKIM, 1996). Em modelos
animais, diversos efeitos comportamentais da cafédnam estudados: (1) aumento da
atividade locomotora espontanea no modelo de camperto (MCKIM, 1996;
NIKODIJEVIC; DALY, 1993), (2) dificuldade na diseninacdo de estimulos em modelos de
discriminagdo visual (DALY, 1993) e (3) diminuic&ta percepcdo frente a estimulos
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negativos, como por exemplo, choque elétrico, @galo modelo de esquiva condicionada
(FREDHOLM et al, 1999; MCKIM, 1996). Outros achados demonstrarara g cafeina
poderia produzir efeito conhecido comeeferéncia condicionada do lugdCPP), o qual
sugere uma acdo reforcadora da droga em animaiOCBRVELL; EIKELBOOM;
BENINGER, 1991). Entretanto, doses acima de 40 gygdlodem produzir um estado de
insbnia, irritabilidade, cefaléia, vertigens e ziools em seres humanos (FREDHOL&¥
al.,1999; MCKIM, 1996).

A via de administracdo da cafeina, também, pareterferir em parametros
comportamentais e eletrofisiol6gicos. Estudos mmlique a cafeina quando administrada por
via oral ou por via intravenosa em primatas, hureaeu ratos atua com propriedades
reforcadoras, em respostas de estimulacédo elentofica e comportamental (GRIFFITHS,
WOODSON, 1988; GRIFFITHS; MUMFORD, 1995). Por outemlo, o sabor amargo da
cafeina pode interferir, principalmente, nos essuctimportamentais, uma vez que trabalhos
realizados em ratos mostraram que apenas dosess lilexcafeina sdo livremente ingeridas
pelo animal (HEPPNER; KEMBLE; COX, 1986). Destanfia; a consequéncia imediata de
consumir oralmente a cafeina seria aversiva (palmrsamargo), interferindo no efeito
reforcador posterior em modelos de auto-adminidtrggor via oral. Dados similares s&o
observados em seres humanos, uma vez que foi deadmsjue o efeito reforcador da
cafeina varia com a dose, ou seja, doses baixdsreniediarias mantém o comportamento de
auto-administracdo oral, e doses altas podem atEupr aversao (GRIFFITHS;
MUMFORD, 1995).

4.1.4 Cloreto de litio, processos fisioldégicos emportamentais

O Cloreto de litio € um sal que exerce efeitog@isiologicos e comportamentais em
animais e humanos e tem sido utilizado em tratamsewtinicos do disturbio bipolar
(GEDDESet al, 2004). Entretanto, pouco se sabe da interacditi@loom a nutricdo, no que
se refere aos efeitos cerebrais dessa substancia.

Sabe-se que o litio pode influenciar o funcionameetrebral, agindo nesse 6rgdo em
nivel morfolégico e molecular, com impacto sobrenéf@enos comportamentais e
eletrofisiologicos (HANet al, 2009; JOHNSOMt al, 2009; O'BRIENgt al, 2004). O litio

foi também associado com a pilocarpina, em modelgeerimentais de convulsdo; uma
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simples administracdo de litio pode influenciarxaitabilidade cerebral, intensificando o
efeito da pilocarpina (HANt al, 2009).

Inimeros graos e vegetais consumidos pelos serearios, bem como a agua que
bebemos, pode eventualmente suprir o organismo quantidades significantes de litio
(SCHRAUZER, 2002; WEINER, 1991) e alguns estud@gesm uma relacdo inversa entre a
concentracdo de litio na agua ingerida e o numeradinissdes de homicidas em hospitais
psiquiatricos (DAWSON, 1991). Os rins e 0 céreldio ss 6rgdos que mais retém litio no
organismo, em comparacao a outros 6rgaos (SCHRAUZ&HR).

Por outro lado, € conhecido que fatores nutricer@mo, por exemplo, a desnutricao
protéica, pode afetar o desenvolvimento cerebl@iamdo a sua atividade eletrofisiol6gica
(MORGANE et al, 1978; MORGANEet al, 1993). E bem conhecido que a desnutricdo no
inicio da vida aumenta a velocidade de propagaedDeapressdo Alastrante Cortical (DAC,;
DE LUCA, CIOFFI, BURES, 1977, ROCHA DE_MELO, CAVAIANTI, BARROS,
2006). Efeitos semelhantes sobre a DAC foram tamib&monstrados com a administracédo
de substancias como os aminoéacidos L-arginina (FARAZMAIA, GUEDES, 2008) e L-
glutamina (LIMA et al, 2009), e o derivado pirazolonico nao-esterdidem cacéo
antipiretica/analgesica/anti-inflamatoria, denordmalipirona (AMARAL et al, 2009). Por
outro lado, foi demonstrado em ratos adultos quadministracdo de litio, através da
alimentacdo, por um periodo de 15 dias, diminuelcidade da propagacdo da DAC, em
comparacao com ratos que receberam dieta sen(Gitie DESet al, 1989). Entretanto, nada
se sabe sobre a acdo de uma dose unica de liteme sobre a sua interagdo com
modificacdes nutricionais. Assim, utilizando o miadesletrofisiolégico da depressao
alastrante cortical, procurou-se, neste trabath@stigar esta interacéo.

5. MODELOS DE DESNUTRICAO: A DIETA BASICA REGIONAL E
SUA SUPLEMENTACAO

Os efeitos causados pela desnutricdo no sistemaswepodem ser estudados

através de modelos experimentais. Nesses modalesraitricdo € produzida por meio de
manipulagdes que produzem déficit nutricional cofydornecimento de uma dieta deficiente
durante diferentes periodos do desenvolvimento mima (¢ o caso da “Dieta Basica

Regional” que sera descrita detalhadamente no 5té 2) aumento do namero de filhotes
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da ninhada, tornando maior a competicao pelo he#@terno, 3) ligadura cirdrgica em algumas
tetas da nutriz reduzindo a oferta do leite mate#)osubmeter os filhotes a privacdo da
companhia materna, durante algumas horas do diazirelo assim o tempo disponivel para a
amamentacao (ALVES; AGUIAR; GUEDES, 2005). Todasassmanipulacbes parecem
provocar alteracdes quantitativas e/ou qualitatives leite, que podem prejudicar o
desenvolvimento fisico, motor e mental do sujedta,geral, comprometendo a maturagédo das

redes neuronais, importantes para processos figol® e comportamentais.

5.1 Dieta béasica regional (DBR)

A DBR € uma dieta experimental confeccionada cose lean inquéritos nutricionais
realizados em populagdes humanas na Zona-da-MaRedwmbuco (BATISTA-FILHO,
1968, 1971). A constituicdo basica da DBR é: feijidatinho Phaseolus vulgarisfarinha
de mandiocaNanioc esculenfa batata docelfjomaea batatgse charque (carne bovina
salgada e prensada), que resulta numa deficién@atitptiva e qualitativa dos nutrientes,
principalmente de proteinas (ver Tabela 2).

A DBR apresenta baixo teor protéico (8% de pro)éimague pode provocar severas e,
muitas vezes, permanentes alteragbes estruturdGANCO-DINIZ et. al.,, 1998),
bioquimicas (TEODOSI@t. al., 1990), e eletrofisiolégicas no Sistema Nervoso EBES;
ANDRADE; CABRAL-FILHO, 1987; ROCHA-DE-MELO; GUEDES1997; SILVAet. al,
1987).

5.2 Uma suplementacao da dieta basica regional: &88R2»

A DBR,, (Tabela 3) ¢ uma suplementacdo da DBR originato&stituida pelos
mesmos alimentos: feijdao mulatinh®h@seolus vulgaris)farinha de mandiocaManioc
esculenty batata docedjomaea batatgse charque (carneovina salgada e prensada). Desta
forma, apesar de as duas dietas apresentaremajuasamna quantidade de calorias, a BBR
apresenta maior quantidade de proteina predommante de origem vegetal, e uma menor
quantidade de carboidratos (ANDRADE; GUEDES; TEOD@S. 990). O valor protéico da

DBR;, parece ser muitproximo do valor ideal de proteina em uma dietarabr como por
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exemplo, a LABINA (23%) que é considerada balanaeaditilizada na manutencdo dos

animais no Biotério.

Estudos realizados com a DBRevelam alteracdes eletrofisiologicas, em com@arac

com animais que consumiram uma dieta suplementadalipideos, vitamina, sais minerais

e, principalmente, proteina de alto valor nutrielooomo caseina (ANDRADE; GUEDES;

TEODOSIO, 1990). Porém, ainda pouco se sabe sobfeito comportamental e fisiologico

da DBR 22%, necessitando de ser mais bem investigad

TABELA 2 — Composicdo Centesimal da “Dieta Basica RegiaiizBR) ?

Ingredientes g% Composicao Centesimal

Proteinas Carboidratod.ipidios Cinzas Fibras Kcal%
Feijao
Mulatinho® 18,34 |3,99 10,66 0,24 0,57 1,09 60,76
Farinha de
Mandioca 64,81 [0,84 48,59 0,12 0,43 5,64 198,80
Carne de
Charqué3 3,74 2,74 - 0,06 0,06 - 11,50
Gordura (da
charque) 0,35 - - 0,35 - - 3,15
Batata Doc€ |12,76 |0,30 9,99 0,03 0,20 0,48 41,43
TOTAL 100,00 |7,87 69,24 0,80 1,26 7,21 315,64

a = segundoTEODOSI®t al, 1990.

b = cozido, desidratado e moido.
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TABELA 3 — Composi¢cdo Centesimal da “Dieta Basica Regionath 22% de proteina
(DBR2y)?

Ingredientes g% Composigao Centesimal

Proteinas | CarboidrLipidios | Cinzas | Fibras | Kcal%

atos

Feijao
Mulatinho® 60,00 [13,05 34,87 0,78 - 3,57 198,7
Farinha de
Mandioca 23,16 |0,30 17,36 0,04 - 2,01 71,00
Carne de
Charqué’ 12,30 [9,01 - 0,20 - - 37,84
Batata Docé |4,56 0,11 3,55 0,01 - 0,17 14,73
TOTAL 100,00 (22,47 55,78 1,03 - 5,75 322,27

a = segundo ANDRADE; GUEDES; TEODOSIO, 1990

b = cozido, desidratado e moido.

6. MODELO COMPORTAMENTAL E ELETROFISIOLOGICO

6.1 O Modelo comportamental da inibicédo latente

A atencdo pode ser entendida como um complexo gsaceento de informacéo
requerido por atos simples de percepcado, linguagempensamento. Em um enfoque
comportamental, a atencdo, envolve selecdo deldsinmelevantes: o comportamento passa
a ser controlado por uma quantidade reduzida dendsts, os quais estao correlacionados a
consequéncias importantes (ALVES; GUERRA; SILVA999ALVES; SILVA, 2001, 2002;
ALVES; AGUIAR; GUEDES, 2005)A Inibicdo Latente (LI) € um modelo animal muito

utilizado no meio cientifico para estudar o efai® manipulacdes de variaveis ambientais
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sobre a atencdo. O fundamento bésico da LI é odiatque a pré-exposicdo repetida a um
estimulo neutro sem consequéncia dificulta um oaamento posterior em que esse
estimulo neutro passe a ter funcdo de estimuloidonddo (ALVES; GUERRA; SILVA,
1999; ALVES; SILVA, 2001, 2002; ALVES; AGUIAR; GUHES, 2005; WEINERet. al,
1997). No estudo experimental da LI tem-se, bascde) trés fases experimentais, que
ocorrem sempre na seguinte ordem cronolégica: 4@ Eeapré-exposicanexposicdes nao
reforcadas de um estimulo neutro (sem nenhum vaédorcador); 2) Fase de
condicionamento pareamento do estimulo neutro com o estimulonidicionado (US -
estimulo eliciador de uma resposta reflexa ou aftica); e 3) Fase deste em que se
verifica o efeito do estimulo condicionado (CS) reolima resposta operante (ALVES;
GUERRA,; SILVA, 1999).

Varios procedimentos experimentais sdo propostos gstudar o fendmeno da LlI.
Um desses, procedimentos, € o da Aversdo Gust@oraicionada (CTA, do inglés,
conditioned taste aversion)que foi utilizado neste trabalho. A CTA vem gamta
importancia como ferramenta de pesquisa, uma vezutjliza, como medida da forca do
condicionamento, a resposta de esquiva ao sabemedesolucdo de alto poder reforcador, a
sacarose, quando esta é associada a um estimutivavierando (injecdo de LiClp). O
LiCl, além de ter propriedades de estimulo averdimmbém é classificado como US, neste
procedimento experimental, uma vez que é capazabupr respostas incondicionadas ou
automaticas de supressdo da ingestdo da sacaopsessfio esta decorrente do mal-estar
digestivo produzido pelo LiCl (TURGEO®L. al, 2000).

No procedimento da CTA, o animal privado de aguaspapor trés fases
experimentais: 1) pré-exposicdo a um estimulo (&xfo ao paladar agradavel produzido
pela solucdo de sacarose a 5%); 2) pareamento dss8smilo com um estimulo aversivo
incondicionado (US, indisposicéo induzida por Lj@l) 3) teste da supressédo de uma resposta
operante em curso, tal como lamber em um bebedgueocontém solucdo de sacarose
(ELLENBROEK; KNOBBOUT; COOLS, 1997; MOSELRt. al.,2000; TURGEONEet. al.,
2000). Normalmente o animal que foi pré-expost@€8dqsolucdo de sacarose) tende a ignorar
esse estimulo na fase de condicionamento e, cozisegiente, ndo suprime a resposta
guando o CS é apresentado na fase de teste. Eas palavras, hA um aumento do consumo
de solugéo agucarada por esses animais na fasstd&videncia-se, desta forma, a “inibicao
latente” que indica que a aprendizagem de um ektjraa qual o animal foi pré-exposto, ndo

prediz qualquer mudanca relevante no ambiente (MINDCROSH, 1974). O animal controle,
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gue nao foi pré-exposto ao CS, suprime normalmantesposta quando testado apds o
condicionamento.

Devido a essas caracteristicas, acima citadasg¢acthsiderado um modelo adequado
para o estudo comportamental da atencdo em arpmial,0 sujeito aprende que durante as
apresentacdes ndo reforcadas do estimulo que oamedm sinaliza qualquer evento de
importancia ou relevancia motivacional, devido a eétar correlacionado a qualquer reforgo,
OuU seja, 0 sujeito ndo presta atencdo ao estiraste. tipo de aquisicdo de informacao foi
denominado por Mackintosh (1974) de “aprendizagentrélevancia”. Ignorar um estimulo
gue ndo tem conseqléncia sobre o comportamento praredimento econémico, e tem

provavelmente uma origem filogenética.

6.2 O Modelo eletrofisiolégico da depresséao alastite cortical

A depressédo alastrante cortical (DAC) foi desc@bemn 1944, pelo pesquisador
brasileiro Aristides Azevedo Pacheco Le&o, quamstodava a atividade eletrofisiologica
(EEG) do cortex de coelho. Ele observou que a Dp@ndo induzida experimentalmente, se
propagava em todas as dire¢des no cortex (LEAG})194

Descrita inicialmente como uma “onda” reversivel peopagavel de reducgdo
(depresséo) da atividade elétrica cerebral espeatémprovocada, a DAC pode ter sua origem
de forma “espontéanea” ou provocada intencionalmegoédo pesquisador através de
estimulacdo mecanica, quimica ou elétrica de untopdo tecido cortical. Esta onda esta
acompanhada do aparecimento de uma “variacdo tenteoltagem” (VLV) na regido do
cérebro invadida pelo fenémeno (LEAO, 1947; LEHMHEMKER; GROTEMEYER;
TEGTMEIER, 1993). Tanto a depressdo do EEG quan¥L¥ se propagam de forma
concéntrica e gradual a partir do ponto estimulaioregifes corticais mais distantes. Em
seguida a passagem da onda de DAC, a regido atingideca a se recuperar. De regra geral,
a recuperacao do EEG num determinado ponto dootecidrre apds cerca de 5 a 10 minutos
da passagem da DAC por esse ponto. A VLV possactaristicas do tipo do “tudo ou nada”,
ou seja, € uma onda que possui inicio e fim bermides e faceis de identificar, e que
sempre indica a existéncia de DAC. Assim, a VLV @#tmusada para calcular a velocidade
com que o fendbmeno se propaga pelo tecido nertassa velocidade é o indicador utilizado

para se avaliar a sensibilidade cerebral ao fen6rf@EDES, 2005).
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A DAC se mostrou presente em todos os vertebrastadalos e em todos possui uma
velocidade considerada baixa, na ordem de algulisetios por minuto, em comparagao ao
impulso nervoso, que é da ordem de metros por geguviariacbes na velocidade de
propagacao da DAC tém sido correlacionadas comensrfatores, de interesse para a saude
humana, tais como nutricdo, drogas, neurotransmeissentre outros (GUEDES, 2005).

Devido as caracteristicas acima citadas, a DACn&iderado um modelo adequado
para o estudo eletrofisiologico de alteracdes aassaor diversos fatores em animais, uma
vez que estas alteracdes se refletem na variac@oadeelocidade. Estudos eletrofisioldgicos
em ratos tém mostrado que a desnutricdo precoce PBR facilita a propagacdo do
fendbmeno da DAC (GUEDES; ANDRADE; CABRAL-FILHQ987).

7. METODOS

Antes dos procedimentos metodoldgicos serem irosiadl projeto de pesquisa referente
a esta tese foi submetido & Comisséo de Etica qrarixentacio Animal da UFPE, tendo sido
aprovado (Anexo A)

Sujeitos: Ratos albinos Wistar, machos (n=142), proveniemtesDepartamento de
Nutricdo, foram divididos em trés grupos, de acocdm a dieta de suas maes durante o
aleitamento: 1) dieta de manutencdo do biotérialftha”; grupo nutrido); 2) DBR(grupo
desnutrido); 3) DBR (grupo suplementado em quantidade, mas nao nadadel das
proteinas). Apds o desmame (25° dia de vida), tpdesaram a receber a dieta “Labina”. Para
evitar o “efeito de ninhada”, foram reunidos o$idies de diferentes ninhadas, nascidos na
mesma data, misturados e em seguida distribuifit®tes por méae (“pool”). Os animais foram
mantidos em ambiente com controle de temperat@#l¢Z) e de iluminagdo, com ciclo claro-
escuro (claro de 6 as 18 h).

Nos experimentos comportamentais (LI), um totalld®8 ratos foi utilizado, aos 75-85
dias de vida. Destes, 31 animais, que haviam sidados com litio foram re-estudados aos 90-
110 dias, nos experimentos eletrofisioldgicos usainvestigar os efeitos do LiCl sobre a DAC.
Eles foram comparados (no primeiro artigo originaésta tese) a 34 ratos controle, que nao
passaram pela LI e nem receberam LiCl (foram tostam solucdo salina em lugar do litio).
Nesses ultimos 34 animais, estudou-se também to efai administracdo de cafeina sobre a

DAC (segundo artigo desta tese), em experimentsgjoais foram comparadas as velocidades
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da DAC antes e depois da aplicagéo da cafeina.

7.1 Dietas

7.1.1 Dieta de manutenc¢é&o do biotério

Foi utilizada, como dieta controle (grupo nutridagjuela empregada usualmente na
manutencéo da colbnia do biotério. Essa dietaagnbahda e contém 23% de proteinas, sendo

denominada comercialmente de “Labina” (Purina dasBiLtda — Tabela 4).

7.1.2 Dieta bésica regional (DBRe sua suplementacédo (DBR

Estas dietas foram confeccionadas no laboratésaalimentos listados nas Tabelas 2
e 3, foram cozidos, secados em estufa (60-70°Cidandexceto a farinha de mandioca), e
misturados nas proporgdes definidas nas mesmagafaben seguida, foram transformados
em pelotas e secos, novamente, em estufa (60-70°C).

7.2 Modelo comportamental de inibicéo latente (LI)

Aos 75-85 dias de vida, 108 animais que recebesatréa diferentes dietas (n=36 em
cada um dos 3 grupos nutricionais) foram, inicialtagsubmetidos as fases do procedimento da
LI. Vinte minutos antes de iniciar o0 modelo de ¢hda grupo nutricional foi dividido em 2
grupos, respectivamente injetadps com: 1) salina (SAL, n=18 em cada um dos 3 gsupo
nutricionais) ou 2) cafeina (CAF, n=18) na dose3@emg/kg. Em seguida, os grupos Sal ou
CAF foram subdivididos emré-expostos(CS — gruposPE, n=9 em cada um dos 3 grupos
nutricionais) oundo pré-expostosa solucao de sacarose a 5% a aflRE( n=9 - Figura 1). O
grupo NPE recebeu agua em lugar da sacarose. Eas tad fases do experimento
comportamental (LI), os animais foram privados deaapor aproximadamente 23 h, como

descrito abaixo.
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TABELA 4 - Composic¢do da dieta “Labina” (Purina do Brasil)*
COMPOSICAO BASICA: Milho, Farelo de Trigo, Farele &oja, Farinha de Carne, Farelo
de Arroz Cru, Carbonato de Célcio, Fosfato BicalcBal, Pré-Mix.

ENRIQUECIMENTO POR KG DE PRODUTO

VItamMINA A e 20. 000 UI
Vitamina D3 ....ooiiiiiiiiiii e 6. 000
Vitamina B ... 30 UI
Vitamina K oo 6 mg
Vitamina B12 .....ooooviviiiiiiei e 10 mcg
Vitamina B ....oooovviiiei s 28 mg
Pantotenato de CAICIO .........ccccvvvvvivmmmmmeciiiiinee, 24 mg
NIQCINA oo 95 mg
TIAMINA ..o e 4 mg
ColiNA ..o 2.000 mg
PIHAOXING oeiiiiiiiie e 6 mg
Biotina ..o 0,1 mg
ACIHO FOlICO oo, 0,5 mg
AV F= Vg o F= T g L= 50 mg
o o [ TSR 2 mg
FEITO e 65 mg
ZINCO oottt e e 35mg
COBre e ————— - 26 mg
ANLIOXIdANTE  ..eeeiieii e 100 mg

NIVEIS DE GARANTIA

Unidade (MAX) .eeevvveriiiiiiiiieeeeeeeeess e 13,0%
Proteina (Min) oo, 23,0%
Extrato Etéreo (Min) .....cccccviviiiiiiiie e 2,5%
Matéria fibrosa (MAX) .....oeeeeevvvveeiees e 9,0%
Matéria mineral (Max) ....ccceeeeeeeeeeee e e e eeeeeeeeeenneeens 8,0%
(OF 1 (o1 (o I (@) I (1= 01 I 1,8%
FOSTOIrO (P) vttt et a e e e e e e e e e e e e e e 0,8%

*segundo Purina do Brasil.
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7.2.1 Equipamento.

Foram utilizadas caixas experimentais de acril@® 5X35,5X40 cm) contendo dois
orificios, através dos quais os animais tiveranssxe dois bicos de aco inox. Esses bicos
foram conectados a garrafas de vidro, com graduagml, contendo solucdo de sacarose ou
agua.

7.2.2 Procedimento.

O procedimento usado neste trabalho teve comoabagersdo gustativa condicionada

descrita por TURGEONMN! al. (2000). Este procedimento € composto de trés:fases

Pré-exposicao(dias 1, 2 e 3) -- Duracdo de 3 dias. Antes deimiaio as
sessOes de pré-exposicdo, 0s animais, como medoia@ma, foram divididos em preé-
expostos (PE) e ndo pré-expostos (NPE) a sacapose estimulo neutro. Todos os animais
estavam privados de agua por aproximadamente R&dia primeira fase, os animais foram
colocados individualmente nas caixas experimep@is830 minutos. Nesse periodo tiveram a
disposicdo um bebedouro graduado em ml, contendmlS@e solucdo de sacarose a 5%
(grupo PE) ou com 50 ml de agua (NPE). Ao compietans 30 min, os ratos foram
recolocados em suas gaiolas onde ficaram sem &gwadia seguinte. Finalizada cada sesséo

de pré-exposicdo, a quantidade de solucédo de sacamchgua consumida foi registrada.

Condicionamentddia 4) — Nessa 22 fase, todos 0s animais tivéixeienacesso
a 50 ml de solucdo de sacarose por 30 min, ap@&@ntesido colocados nas caixas
experimentais. Imediatamente apds os 30 min, amasireceberam uma injecdo de 50
mg/kg/ml, ip., de LiCl. Os sujeitos retornaram ao biotério 5 ads a injecao e nele ficaram
sem agua por 23 h. A quantidade de solucdo deasscaonsumida foi registrada no término

desta fase.

Teste(dia 5) — Nesta ultima fase, todos os animaisniocalocados na caixa
experimental, com dois bebedouros de vidro, umerad 50 ml de solucdo de sacarose e 0
outro contendo 50 ml de agua por 30 min. Finalizegsta sessdo, os volumes de sacarose e

agua consumidos foram registrados. A LI foi avaliatravés do grau de supressao a solugéo
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de sacarose entre os animais do grupo PE e NPEauCdg supressao a sacarose foi medido

usando o calculo da “razdo de supressao a sacR8&”

RSS= ml de sacarose consumida/ (ml de sacarose + o agua

consumidas)

Em um determinado grupo, a RSS com valor >0,50 nma@gte houve maior
consumo de sacarose do que de agua, no dia do $estes valores da RSS forem <0,50
significa que houve maior consumo de 4gua em relacdacarose. Dentro de uma mesma
condicdo de tratamento, conclui-se que ocorreuci@iblatente quando a RSS dos animais

NPE for significantemente menor do que a daquedestnacéo PE.

Nutrido DBRg DBR2,

(n=36) (n=36) (n=36)
SAL (n=18) CAF (n=18) SAL (n=18) CAF (n=18) SAL (n=18) CAF (n=18)
PE NPE PE NPE PE NPE PE NPE PE NPE PE NPE
(n=09)  (n=09) (n=09) (n=09) (n=09) (n=09) (n=09) (n=09) (n=09)  (n=09) (n=09) (n=09)

Figura 1: Distribuicdo dos grupos no modelo de LI

7.30 fendmeno eletrofisiolégico da depresséo alastrantortical (DAC)

Um grupo de 31 animais, nas trés condi¢cbes nutiaiso(9 ratos nutridos, 10 DBR 12
DBR2,), que passaram pela LI (receberam intraperitoreateninjecdo de cloreto de litio),
foram estudados aos 90-110 dias com relacéo aibssede litio sobre a DAC (artigo 1). Como
grupos controles, foram comparados a 34 animaisn(tBdos, 10 DBR e 12 DBRy), que
passaram pelos mesmos procedimentos, mas naonawoetiereto de litio.

No outro artigo (artigo 2), os 34 ratos controlerecdescritos foram também estudados
quanto ao efeito da administracdo de cafeina sabi2AC. Nesses animais, como dito
anteriormente, comparou-se as velocidades de pmgfagda DAC antes e depois da

administracédo da cafeina.



33

7.3.1 Procedimento cirargico

Os animais foram anestesiados com uma solucaonctntéretana a 10% e Cloralose a 0,4%
(1.000 mg/Kg e 40 mg/kg, respectivamente), na diesé ml de solucado/ 100 g de peso do
animal, por via intraperitonealp(). Em seguida, os animais foram colocados em dexcubi
ventral, sobre um aquecedor elétrico, sendo a tetysa retal monitorada continuamente e
mantida a 37,5 = 1° C. A cabeca do animal foi fx@adbase de um aparelho estereotaxico
(modelo 900, David kopf ). Em seguida, foi feitaaumncisdo na cabeca ao nivel da linha
média, expondo o periosteo da calota superior, dodem feitos 3 orificios circulares,
usualmente ao nivel do hemisfério direito. O primairificio (com aproximadamente 2 mm
de diametro) foi feito na regido do osso frontdhieautilizado para deflagrar a DAC, mediante
estimulacdo de um ponto cortical. Os outros doifctrs (de aproximadamente 3 mm de
diametro) foram feitos no osso parietal, e foramdos para a colocagéo de dois eletrodos, 0s

quais permitiram o registro eletrofisiologico da DA

7.3.2 Estimulacéo cortical

A DAC foi provocada, a intervalos de 20 minutosaats de estimulacdo quimica
(aplicacdo a um ponto da superficie cortical derdnmminuto, de uma bolinha de algodéao,
com 1 a 2 mm de didametro embebido em uma soluc&tla 2%). O registro da DAC teve
a duracéo de 4h.

Com o procedimento de estimulacdo na regidao froptavocou-se usualmente uma
Gnica "onda" de DAC que, ao se propad@rregistrada pelos 2 eletrodos colocados na oegia
parietal. Nos casos eventuais em que um episodidAE apareceu sem ter havido
estimulacao intencional com KCI (chamada DAC "espoga"), aguardou-se 20 minutos a

partir da DAC espontanea para realizar nova esaigdiol com KCI.

7.3.3 Registro Eletrofisiologico

Os registros da Atividade Elétrica Cortical (Ebewrticograma; ECoG ) e da variacao

lenta de voltagem (VLV ) que acompanha a DAC foraalizados em 2 pontos da superficie
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do cértex parietal, por um periodo de 4 horas. Ralrautilizamos 3 eletrodos (2 para o
registro, nos orificios do osso pariental e 1 paferéncia comum, sobre o 0sso nasal). Esses
eletrodos foram do tipo “prata-cloreto de pratditidos através da deposicao, por eletrdlise,
de uma fina camada de cloreto de prata em um defiado mesmo metal. Os fios de prata
assim cloretados foram inseridos em pipetas ddiqggag5 cm de comprimento, didmetro
inferior de 1mm e superior de 5mm) cheias com salwe Agar-Ringer a 0,5%. Em seguida,
duas destas pipetas foram fixadas entre si pordmleiano-acrilato, formando um par, cuja
distancia entre as pontas é fixa e conhecida. [izstele pipetas foi fixado em uma haste de
madeira, a qual foi presa em um sistema de alav&sta era acionada pelo avanco e recuo
de um parafuso, realizando movimentos verticais elegodos, permitindo, assim, a sua
colocacao na superficie cortical de forma suave, @E@ssao excessiva.

Os registros foram realizados utilizando-se daiigpafos, sendo um da marca
“Grass” (modelo7D, Grass Medical Instruments) aeitwaoda marca “Ugo Basile”.

O célculo da velocidade de propagacao da DACeitn flividindo-se a distancia entre
os dois eletrodos de registro (distancia fixa paia experimento) pelo tempo gasto para que

uma onda da DAC possa percorrer esta distancia.

7.4Peso corporal

Os animais foram pesados em balanca eletrénicaamiilzola”, dos 3 aos 75 dias de
vida. Essa medida teve como objetivo principaliava impacto das manipula¢des nutricionais
(DBRsg e DBR,,) sobre o desenvolvimento do animal.

7.5 Droga

A Cafeina (1,3,7-trimetilxantina —gB10N4O, — DEG Importacéo de Produtos
Quimicos) foi dissolvida em agua destilada, aquecal aproximadamente 70°C e
administrado por via intraperitoneal. Todos os amnde ambos os grupos PE e NPE, foram
injetados com uma dose de 30 mg/kg/ml de cafeimai@@ntes das fases de Pré-exposicéo e
Condicionamento da LI. Nos experimentos da DACafioa foi administrada ao final da
segunda hora de registro.

O Cloreto de Litio (LiCl — Sigma-Aldrich) foi diskado em agua destilada e
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administrado por via intraperitone®dlos experimentos da LI, todos os animais, de ambos
grupos PE e NPE, foram injetados com uma dose dadikg/ml de LiCl, imediatamente

apos 30 min de livre acesso a solucdo de sacanodi@ do condicionamento (dia 4).

7.6 Analise dos resultados

Posteriormente, os resultados foram analisadesésrda ANOVA e testpost hoc
(Holm Sidak), quando indicado. Nos experimentoDd& do segundo artigo, o efeito da
cafeina foram avaliados comparando-se as velogdadelgoropagacdo da DAC nos periodos
pré- e poés-cafeina, por meio do teste t pareadant-oonsideradas significantes as diferencas

em que g 0,05.

8. RESULTADOS

Como apresentado anteriormente, nesta tese investey em ratos wistar, os efeitos
cerebrais da interacdo entre o fator nutricdo rflsbDBR; e DBRy,), manipulado no periodo
critico do desenvolvimento cerebral (nasciment@%fodia de vida), e o fator tratamento com
as drogas cafeina e/ou litio. Foram estudadosfdo@nenos: um, comportamental (LI) e o
outro, eletrofisiologico (DAC).

Os resultados geraram dois artigos cientificosimmaig que foram submetidos a
revistas especializadas de circulagao internacional

O primeiro artigo deste estudo € intitulad@ithium/nutrition interaction in the
brain: a single lithium administration impairs spreading depression in malnourished,
but not in well-nourished rats’. Ele foi submetido a revista “Nutritional Neurdsace”
(Anexo B), que explora a area representada pedeace nutricdo-neurociéncias.

O segundo artigo deste estudo foi titulat@affeine impairs latent inhibition, but
not spreading depression in malnourished rats foi submetido a revista Physiology &
Behavior (Anexo C).

A seguir estdo apresentados os referidos artigogersio original em que foram

submetidos para as revistas.
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Abstract

Lithium salts exert electrophysiological and bebaai effects in animals and humans and
have been used clinically in the treatment of apalisorders. Little is known about the
lithium/nutrition interaction in the developing ImaThis work aimed to determine, in adult
rats, whether treatment with a single dose ofuithichloride would influence the propagation
of the brain excitability-related phenomenon knoagncortical spreading depression (CSD).
Male well-nourished (W; fed a lab chow diet withe2protein; n=22) and previously protein-
malnourished rats (M; fed a low-quality 8% proteliet; proteins mostly from vegetable
source; n=20) were treated at 75-80 days of agk wisingle intraperitoneal injection of
either 50 mg/kg LiCl (n= 9 W and 10 M rats) or sali(n=13 W and 10 M rats). When the
pups were 90-110 days, CSD was elicited at thadt@ortex and recorded during 4h at two
cortical parietal points. In malnourished, but motwell-nourished rats, lithium treatment
lowered CSD velocities (P<0.05), in comparison vgdfine injected animals. In a third group
(n=23), in which the low-protein diet was quantitaly corrected to 22%, the lithium effect
disappeared (n=12), compared to saline (n=11).r€sults demonstrate a facilitating effect
of malnutrition on the CSD-impairing action of agle lithium administration, suggesting a

lithium/nutrition interaction.
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Introduction

Lithium has largely been used in the control ofokdp disorders’j and has been able
to influence morphological, behavioral and molecui@atures in the brain®(3). When
associated with the convulsing drug pilocarpinesirgle lithium administration can also
influence brain excitability, intensifying the pdarpine-induced seizured (

Several grains and vegetables consumed by humansela as drinkingvater, can
eventually supply the organism with significant amts of the element via diet intakg 9
and some studies suggest an inverse relationsiwebe lithium concentration in tap water
and the rates of mental hospital admission and tide{’). The kidneys and the brain are the
organs that retain more lithium, as compared wikteoorgans®.

Concerning the action of substances such as litlmanbrain excitability, significant
effects can be investigated by means of electraploggcal analyses, employing the
phenomenon known as cortical spreading depres€&D{®). This phenomenon has been
electrophysiologically characterized by a revessibind slowly propagating “wave” of
reduction of spontaneous and evoked cortical etettactivity, with a simultaneous DC slow
potential change of the tissu®f). CSD has also been undoubtedly documented ibréia
of neurological patients *j. The appearance of epileptiform-like waves du@®p (while
the spontaneous activity is reduced) suggests silppeselationship between brain excitability
changes and CSD®)( This relationship has been experimentally ingeséd using
environmental, pharmacological, genetic and notréi paradigms*{*9. In general, the
results indicate that CSD propagation in the caltitssue can be modified by clinically
relevant conditions known to influence brain eXuility. Measuring CSD velocity of
propagation along the cortical tissue is a readeratd easy way of estimating the brain CSD
susceptibility.

Concerning the neural effects of nutritional fastoit is well known that protein
malnutrition can affect the developing brain, aitgrits electrophysiological activity { 9. It
has been also well established that early malinririncreases CSD propagation’ (9. The
same is true for the administration of substanit@sthe amino acids L-argininé'Y and L-
glutamine 1), and the pyrazolone-derived, non-steroidal amépg/analgesic/anti-
inflammatory drug dipyrone®). In contrast, it was demonstrated in adult rags fithium
administration through the diet for 15 days de@dasSD propagation as compared with rats

receiving a lithium-free dielz‘(). No information is available however, regardihg treatment
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with a single dose of lithium. Thus, the aim of fheesent study was to investigate such
possible effect on CSD propagation in well-nourcgshad early-malnourished adult rats.

Methods

Experiments were carried out in accordance with‘Brenciples of laboratory Animal
Care” (National Institutes of Health Bethesda US#)d were approved by the Ethics
Committee for Animal research of the Universidadeléral de Pernambuco, Brazil, where
the experiments have been conducted. Male Wistar (re= 65) from the colony of our
Department were used. They constituted three diftemutritional groups, one well-
nourished, suckled by dams fed a commercial lalwctiet from Purina® Brazil Ltd with
22% protein (C; n= 22), and two malnourished groupskled by dams fed the “basic
regional diet” (BRD; Table I), made with the foodfé$ that constituted the “basis” of the
daily meals of human populations of Northeast negid Brazil ¢°). The two BRD groups
differed in the quantity, but not in the qualityfotein in the dams’ diets: in one BRD group
the dams received the BRD with 8% protein (grouDgR=20) and in the other, BRD with
22% protein (group BRE; n=23). For a note on the pros and cons of usiR® Bthe reader
is referred to Picanco-Diniz et af®, When the pups were 75-80 days-old, they were
intraperitoneally injected, on a single basis, weither saline (13 well-nourished, 10 BRD
and 11 BRD; rats) or with 50 mg/kg Lithium chloride (9 well-moeshed, 10 BRpand 12
BRD,; rats). The animals were housed in 51 cm x 35.%d8.5 cm polypropylene cages, in
a room with a light-dark cycle (12/12h; lights anéaa.m.) and temperature of 22+1°C. Body
weights of the animals were measured on days 322,025, 35, 45, 55 and 75. When the
animals were 90 to 110 days old, they were subchttieCSD recording for a 4-hour period.
Under anesthesia (1 g/kg urethane plus 40 mg/kgralolse, ip), three trephine holes (2-3
mm in diameter) were drilled on the right side loé skull (two at the parietal bone and one at
the frontal bone). The three holes were alignetthéantero-posterior direction and were also
parallel to the midline. CSD was elicited at 20 rmitervals by applying a cotton ball (1-2
mm diameter), soaked in 2% KCI solution (approxeha0.27 M) to the anterior hole drilled
at the frontal region for 1 min. Once elicited, tpeopagating CSD was monitored
simultaneously at two parietal points on the caiticsurface by recording the
electrocorticogram (ECoG) depression and the sld @otential change typical of CSD.
Recordings were performed by using a pair of Ag-AgQar-Ringer electrodes. These
electrodes consisted of plastic conic pipettesnfSength, 0.5 mm tip inner diameter), filled
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with Ringer solution solidified with the additiorf 6.5% agar, into which a chlorided silver
wire was inserted. The pipettes were fixed togeffa@r-wise with cyanoacrylate glue, so that
the interelectrode distance was kept constant doh gair (range: 4-5.5 mm). Each pair of
electrodes was connected to a lever that coulceltecally moved by turning around a screw,
so that the recording electrodes could be gentigga on the intact dura-mater, under low-
power microscope control, without any excessivesguee on the cortical surface. A common
reference electrode, of the same type, was planetthe nasal bones. The velocity of CSD
propagation was calculated based on the time regjdor a CSD wave to cross the distance
between the 2 recording electrodes. In the meamneai CSD velocities, the initial point of
each DC negative rising phase was used as thenef=ipoint. During the recording session,
rectal temperature was maintained at 37+1 °C bynsex a heating blanket. After the
recording session was terminated the animal, venksthetized, was submitted to euthanasia
by bulbar injury. This was carried out by introdugia sharp needle into tkhesterna magna
provoking immediate cardio-respiratory arrest.

Statistics

Intergroup body weight differences were comparedgia one-way ANOVA followed by the

Duncan test. CSD propagation velocities were coetpéy using a 3x2 ANOVA, including

as factors nutritional status (Well-nourished, Mainshed 8% protein and Malnourished
22% protein) and drug treatment (saline and LithiDhioride). This was followed by a post
hoc (Tukey—Kramer) test, where indicated. Diffeeshevere considered significant when P
0.05.

Results

As shown in Figure 1, application of 0.27 M KCI fbrmin to a point of the frontal
cortical surface was effective in eliciting a CSflsede, which propagated and was recorded
at the two parietal recording points (shown in itieet of the figure). In the BR{group, in
some cases the KCI stimulation elicited more thae €SD episode (shown in the center-

upper part of Figure 1), suggesting a higher cakgasceptibility to the CSD-phenomenon.
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Figure 1- Electrocorticogram (E) and slow potential chanBg ¢f cortical spreading depression (CSD) in two
well-nourished (left part of the figure) and fowarky-malnourished rats, respectively fed a balark2% protein
chow diet, or the imbalanced “Regional Basic DiBRD) containing either 8% protein (center parttioé
figure) or 22% protein (right part) mostly from \etgble source. Three of the animals — one in eatttianal
condition- were intraperitoneally injected withigal (three upper panels) and the other three wiimgle dose
of 50 mg/kg lithium chloride (lower panels). Theulkdrawing shows the KCI stimulation point (wheZ&D
was elicited) and the recording positions 1 and2well as the position of the common referencetrede (R).
The horizontal black bars in the P1-traces indithteperiod (1 min) in which KCI stimulation waspdipd to
the frontal region of the same hemisphere. Vertizak correspond to 10 mV in P and 1 mV in E (negat
upwards). The velocity of CSD propagation was dated based on the time required for a CSD wawades
the distance between the 2 recording points. kdhse, the interelectrode distance was 4.0 mithamianals.

Figure 2-A and B show the weight reduction in ttwve BRD groups, as compared to
the well-nourished group, indicating the effectigss of the malnutrition paradigm. ANOVA
showed a significant main effect of nutritionaltataon the body weigh#{2,440] = 177.24;
P<0.001).
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CSD velocities of propagation are shown in Figw€.2n the lithium-free animals
(groups injected with saline; white bars) the m€&D velocities in mm/min were 3.39+0.26,
4.04+0.32 and 3.86+0.49 for the control, BRé&hd BRD,, respectively. ANOVA indicated
intergroup differences amubst-hoccomparisons showed that the velocities were hightre
two early-malnourished groups, as compared to #emwourished controls (F[2, 62] = 20.43;
P<0.001), indicating the facilitating effect of matrition on cortical susceptibility to CSD.
Lithium treatment was associated with a signific@&tD-velocity reduction in the BRDbut
not in the BRD, or well-nourished rats (black bars in Figure 2-@3, compared to the
corresponding saline groups. The mean CSD velsciiemm/min for the lithium-injected
well-nourished, BRIl and BRD, groups were respectively 3.25+0.13, 3.35%+0.13 and
3.98+0.43 (F[1, 63] = 7.080; P<0.01).
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Figure 2- Body weights (panels A and B) and CSD velocityprdpagation (panel C) of well-nourished (W) and
early-malnourished rats, respectively fed a baldri22% protein chow diet, or the imbalanced “Basagignal
Diet” (BRD) containing either 8% protein (group BRr 22% protein (group BRI mostly from vegetable
source. The panel A shows the body weights measrgubstnatal days 3, 10, 22, 25 and the panebB/sithe
weights on days 35, 45, 55 and 75 (note the st¢alage). Data are expressed as the mean + SEM.igkstén
panels A and B indicate RBD-values significantlffetient from the age-matched well-nourished costrol
Asterisk in panel C denotes a significantly low&DICpropagation velocity in the RBOithium-treated group as
compared to the corresponding saline-treated agi(Ral0.05).
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Discussion

The main finding of the present study was thatrglsi dose of lithium chloride decreased
CSD susceptibility in the severely early-malnouediBRDE; group (fed the 8% protein diet),
but not in the well-nourished or in the BR@roups (both fed 22% protein diets), as indexed
by the CSD propagation velocities. This can berpreted as a malnutrition-related
amplification of the lithium effect on CSD propaigat, which to our knowledge represents a
novel lithium/nutrition interaction on the CSD ihet rat brain, as recently demonstrated for
another drug®).

Lithium and brain function

An extensive body of data documents the various@Eof lithium on nervous system
of the mammal organisni’}. At the molecular level, lithium is involved inutiple pathways
which can result in inhibition of inositol-1-mona@phatase, and inhibition of glycogen
synthase kinasef3(* % 4. This last action results in the accumulatiorpafatenin and-
catenin—-dependent gene transcriptional eveff)s The lithium-induced upregulation of
neurotrophins such as brain-derived neurotrophstofaf BDNF) has also been demonstrated
in laboratory animals®(). Morphologically, lithium has been associatedhwattenuation of
stress-induced structural dendritic remodeling fre tamygdala ?j. A lithium-related
protection against the effects of excitotoxic drigs been suggested in behaviotd), @s
well as inin vitro studies ¥¥). Concerning the lithium effects on brain elechggiological
properties, contradictory results have been regorseiggesting either proconvulsive or
anticonvulsive action*( *). Recent findings have demonstrated in the rat haingle
intraperitoneal administration of lithium reduce&M sleep affecting autonomic activity and
brain second messengeré).(The present findings on CSD propagation chamgpeesent
another evidence of the brain effect of a singl@dm application in adult rats. Whether the
above-commented molecular- morphological- and biehaMithium effects are also involved

in the CSD changes of our lithium-treated early+moatished rats remains to be clarified.

Lithium/Nutrition interaction on CSD
We suggest that early protein-deficiency rendehedrat brain more susceptible to the
antagonistic action of lithium on CSD propagatidrnis suggestion is supported by our
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findings that lithium treatment significantly lovest CSD velocities in the malnourished, but
not in the well-nourished rats. Interestingly, Joee al {*) found that while a single lithium
administration significantly affected REM sleepprbduced only a non-significant reduction
in the delta power density of the EEG in NREM sleep

As previously demonstrate’(? — and presently confirmed — malnutrition earlyifa
facilitates CSD propagation. It has been postuléttat this CSD facilitation is dependent, at
least in part, on the following three neural consagres on early malnutrition: (1) increase in
the brain cell packing density, (2) imbalance ie #ttion of synaptic neurotransmitters and
(3) reduction in brain myelination. These nutriti@tated alterations { '3 are considered of
relevance for the present study on the basis otraxental data®f). In addition, it is
pertinent to mention that recently Merkler et H),(by using dietary, genetic (transgenic
animals) and immunohistochemical approaches, gleimonstrated an inverse correlation
between brain myelination and CSD propagation; seféct was shown to be modulated
dichotomously, i.e., CSD was accelerated in myeéficient and decelerated in
hypermyelinated animals. A similar dichotomous CG&bBdulation has also been reported by
Rocha-de-Melo et afY) in adult rats under conditions of early malnigrit(accelerated CSD
propagation; rats suckled in large litters with pRps per dam) and hypernutrition
(decelerated CSD; litters containing only 3 pups)compared to eutrophic, normally suckled
control rats (litters with 6 pups). Early malnutsiit and hypernutrition are conditions that in
all probability render the brain respectively myetieficient and hypermyelinatet! (3.

As we have previously demonstrated in laboratoiignals, drugs used with therapeutic
purposes in neurological diseases present digtffettiveness as a function of the nutritional
status of the organisn?>( *> 3. In line with the above evidence, we found thatlye
malnutrition enhanced the antagonistic effectstbium on CSD. These findings collectively
indicate that the responsiveness of the CSD tindistompounds may not be the same for all
types of pharmacological substances. This raisese smncerns regarding neural actions of
distinct drugs if the present CSD effects, obseimeagts, could be extrapolated to the human
species. One possible therapeutic implication woldd that such substances could be
differentially effective as a function of the earlytritional status of the patients. We strongly
recommend the investigation of this possibilityclimical studies.

Another interesting result of the present study i the CSD impairing action of a
single lithium administration, observed in earlylnmrished adult rats, could be abolished
by increasing the quantity (from 8% to 22%) of BRD protein without improving its quality
(Figure 2-C; group BRB). One interpretation that might originate fromstis that the diet
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BRD,, improved myelination in an extent sufficient taabh the increased CSD propagation
velocity seen in the BRgroup. This would be in line with the findings fnoMerkler et al
(*9), concerning the inverse correlation between C&ibagation and the myelin content of
the brain. All the evidence notwithstanding, weida that future experiments in which the
myelin content of the brain will be measured in BieD,, condition are required to definitely
validate our postulation.

In summary, this study demonstrates that beingleddky dams feeding a low-protein
diet early in life significantly enhances the impag effect of a single lithium intraperitoneal
administration on CSD propagation, and this effisappeared by increasing the quantity,
without improving the quality of the maternal digt@rotein during the lactation period. The
results suggest an interaction between lithium @&mel nutritional status during brain
development and might help in the understandinip®finteraction between pharmacological

and nutritional factors, in the modulation of nquirgsiologic phenomena.
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Abstract

Caffeine, like malnutrition, can produce behaviaeall electrophysiological alterations, but
the interaction of both factors has not been muddisd. Here this interaction has been
studied in male Wistar rats previously malnouriskieding the lactation period by feeding
their dams the so-called “regional basic diet” obfrtdeast Brazil, containing about 8%
protein, predominantly from vegetable source (BBBt 70-75 days of life part of the pups
were ip-treated with 30 mg/kg caffeine for 4 daykilevtested in the behavioral model of
latent inhibition (LI). Another group was submittéal the electrophysiological recording of
the phenomenon known as cortical spreading depre¢§iSD), and the effects of caffeine
injected during the recording session was evaluataffeine did not affect CSD, but
antagonized LI in both the RBBnalnourished rats and in a well-nourished (W) oant
group (fed a chow diet with 22% protein). This bebeal effect of caffeine was not seen in
another malnourished group fed a protein-suppleeteRBD (protein content increased to
22% by increasing the proportion of the same fadéistfrom vegetable origin; RBD
group), suggesting an interaction between caffeimé dietary protein content. The results
indicate a differential effect of caffeine in thé lhehavioral model, as compared to the CSD
phenomenon, and this effect is influenced by théyeautritional status of the animal. We
suggest the involvement of caffeine modulation @jpaminergic subcortical receptors
participating in attention processes, and absehsaah involvement at the cortical level, in
view of the lack of effect in the CSD.

Key words: Protein-malnutrition; Caffeine; Attention behavidratent inhibition; Cortical

spreading depression
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Introduction

The physiological phenomenon known as attentiorsisté of a complex information
processing required in the execution of simple attperception, language and thinking. It
involves the selection of relevant stimulus: thédaor becomes controlled by a reduced
quantity of stimulus, which is correlated to im@ot functional consequences [1, 2]. The
effect of environmental manipulations on attenti@s been experimentally studied by using
the animal model of latent inhibition (LI). The lb@foundation of LI is the fact that the
repeated pre-exposition of the subject to a neustraiulus without consequence impairs a
subsequent conditioning, in which that neutral gtim will have the function of a
conditioned stimulus [1-4]. In the LI Model the gt learns that the neutral stimulus does
not signal any event of importance or motivatioreévance, for not being correlated to any
reinforcement and due to this characteristic tHgesit does not pay attention to the stimulus,
occurring what has been called irrelevance learfshg

Neural mechanisms involved in attention can beistudy using pharmacological
drugs that act specifically at certain brain newamsmitter systems and are capable of
influencing attention, as evidenced by the LI mo@¥e interesting drug to be employed in
the LI model is 1,3,7-trimethylxanthine, or cafieif6]. Caffeine is a substance extracted in
great scale from the plafoffea Arabica among others. In the modern society, caffeine is
largely consumed by the population in general, peeshelently from age- and economic group.
It is consumed as coffee, teas, guarana-basedsgdieokoa and/or chocolate. It is also used in
the preparation of some medicaments [7]. Caffem® psychostimulant properties by acting
mostly in the higher neural centers influencing takand emotional processes. It seems that
caffeine has antagonistic action opaad A adenosine receptors, as well as enrd2eptors
for dopamine [6]. These effects of caffeine arelitptavely diverse: besides influencing
attention, caffeine can stimulate motor- and meat#lities, and can also produce alterations
in some behavioral parameters like humor, fatigmakefulness, association of ideas,
perception and motivation [6-8].

Experimental animal studies indicate that the bmimal action of caffeine is dose-
dependent; the stimulant properties of caffeineesieent in doses ranging from 10 to 40
mg/kg [6-7]. The Caffeine behavioral stimulant effeehave been observed as enhancement of
the spontaneous locomotor activity in the opendfiglodel [9, 10], changes in stimulus

discrimination in models of conditioned discrimiiogit and/or decrease of the perception for
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aversive stimulus, such as electric shock, in tredtioned avoidance model [7]. It has been
also demonstrated that caffeine has a reinforcoigra in the model of place conditioned

preference [11]. In human beings, doses of caffeilbeve 40 mg/kg seem to produce
insomnia, irritability, migraine, vertigos and hunmg [6]. Although CAF had not produced

LI effect at the dose of 10 mg/kg [12] its actiotil sneeds to be better investigated,
concerning LI effects, and this is one of the gadlthe present study.

The consumption of inadequate diets can lead towrdion and also to behavioral
alterations [13, 14]. Processes underlying hunemnpierament, perception and motivation can
also be influenced by the dietary imbalance of sonneients, like protein. During the brain
development, the dietary protein content, as weltsaaquality, can influence the formation of
cellular structures and the synthesis of physialaly important brain molecules like
hormones and neurotransmitters. In addition, thenipogation of sensory-motor activity
combined with inadequate food intake can cause @®eent alterations in some structures and
cerebral functions during the development [14, 15].

The Regional Basic Diet (RBD) of low-income humampplations of Northeast Brazil
is characterized by being multideficient and, ashswo produce malnutrition. It contains 8%
of protein, of which the greatest proportion isnfreegetable source. Previous studies reveal
that RBD can provoke severe and sometimes permasgnttural, biochemical and
electrophysiological alterations in the Nervoust8ys[16-20]. Due to these characteristics,
RBD can be considered as a model of calorie-proteimutrition.

Besides behavior, both caffeine and nutritionalailericy are postulated to influence
electrophysiological properties in the brain [22].2n view of that, we decided to investigate
the effect of both factors on the electrophysiatafiphenomenon known as “cortical
spreading depression” (CSD; [23, 24]), besidesystgdthe caffeine effects on LI. CSD has
been electrophysiologically characterized in labmsa animals as a reversible and slowly
propagating “wave” of reduction of spontaneousiavoked cortical electrical activity, with
a simultaneous DC slow potential change of thauég23, 25]. Recent evidence has also
documented the appearance of CSD in the brain ofrofagical patients [26, 27].
Epileptiform-like waves appearing during CSD (whilee spontaneous activity is reduced)
suggests a possible involvement of CSD in braintaiitity changes [23]. Experimental
investigation of this relationship has involved rammental, pharmacological, genetic and
nutritional paradigms [28-31]. As a rule, measur®8D velocity of propagation along the
cortical tissue is a reasonable and easy way ohatihg the brain CSD susceptibility. The

previous results from such experiments generalljicate that CSD propagation in the
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cortical tissue of laboratory animals can be medifby clinically relevant conditions known
to influence brain excitability [21].

In view of the above, the aim of the present stisdp evaluate in the rat the effects of
caffeine and/or early RBD-malnutrition on the bebeal paradigm known as LI, and in the
electrophysiological paradigm of CSD. It is hypdized that both treatments can alter LI-
and CSD features, both individually and in comboratAn abstract with some of the results

has been presented [32].

Methods
Animals and diets

Experiments were carried out in accordance with“Brénciples of laboratory Animal
Care” (National Institutes of Health, Bethesda, YS#d were approved by the Ethics
Committee for Animal research of the Universidadeldétal de Pernambuco, Brazil, where
the experiments have been carried out. Naive malgawrats from the colony of our

University were used in two experiments.

Experiment 1: caffeine and latent inhibition

In Experiment 1, a group of 75-85 days-old well-nsled rats (W group; n=36
receiving a rodent lab chow diet, with 22% protgrepared by Purina Brazil Ltd) and two
groups of early-in-life RBD-malnourished animals=86 each group) were compared in the
LI procedure. In the first malnourished group, tldams were fed during the lactation period
with the “regional basic diet” (RBD), which is deifent in the quantity of protein (8%) and in
their quality (proteins mostly from vegetable onigj16]). RBD was prepared based on data
from food consumption surveys in 5,939 low-inconmerspns (from 918 families) in the
south-coast of the Pernambuco state [16]. Theffmads most commonly consumed by those
families as the basis of their main daily meal ttmed the RBD: beansPpaseolus
vulgaris), cassava flourManioc esculenta sweet-potatqlpomaea batatgsand jerk beef
(bovine salty and dried meat). This diet, usecetalfthe first group of malnourished rats, will
be here called RBPto distinguish from the supplemented RBD (with 2p%otein; called
RBD,,), used to feed a second group of malnourishedaatdescribed below.

In the second group of 75-85-days old malnouristatsl (n=36) the dams, during the
lactation period, were fed the quantitatively bat gualitatively protein-supplemented RBD

[33]. This supplemented RBD, called “RBI} contained 22% protein from the same
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qualitatively deficient vegetable sources of thenssapplemented RBD (RBJ The
composition of the two RBD diets is shown in Table

The diets were administered to the lactating dawrs the pups’ postnatal day 2 to 25,
when they were weaned. After weaning, all pup-gsowgceived the lab chow diet. The
weaned pups were then housed in 51 cm x 35.5 c&xcn polypropylene cages, in a room
with a light-dark cycle (12h/12h; lights on at 6na. and temperature of 23 £1°C. Animals
were weighed on postnatal days 10, 22, 35, 55 and\775-85 days of life, approximately
twenty-tree hours prior to the onset of the LI-ekpent (which lasted 5 days), animals were
put on a liquid-restriction schedule and subseduamily allowed access to liquids (water or
sucrose, depending on the group; see Table 2) giuhe one-hour period of the LI-
experiment, as defined by the experimental proto€be daily volume of liquids ingested

during the experimental sessions was recorded.

Apparatus to test LI

LI-Experiments were run in four acrylic chamber8.2 X 35.5 X 40 cm) containing two
holes in one lateral wall, through which the ansnadd access to two stainless steel nozzles.
These nozzles were connected to glass bottles avithilliliter scale containing sucrose
solution or water, constituting the PE- and NPEIgs) as defined below.

Drugs

Caffeine —and Lithium chloride (LiCl) were dissotvn distilled water. Saline solution (NacCl
9g/L) was prepared and used as control for cafftieatment. Animals in the drug- and
control groups of experiment 1 were administerexpeetively caffeine (30mg/kg) and saline
20 min prior to the pre-exposure (Day 1, 2 and 18] & the conditioning (Day 4) phases.
LiCl was administered to all animals on the comditng day (day 4). All solutions were

injected by intraperitoneal route in the volumel.ahl/kg.

Latent Inhibition Procedure

LI was assessed using a conditioned taste avepsicadigm, as previously described [34].

This paradigm measures the effectiveness of sugnesexposure in preventing subsequent
acquisition of a conditioned taste aversion to aser This LI procedure consisted of three
phases, conducted at 5 successive days, at thetsaenef the day in the morning period, as

follows: phase 1 (pre-exposure to sucrose; day, 1a3his phase, animals were individually

placed in the experimental chamber and given adoesisher 50 ml of a 5% sucrose solution
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(sucrose preexposed group; PE) or 50 ml of tap watan-preexposed group; NPE) for 30
min. Phase 2: (conditioning; day 4); on day 4aalimals were given access to 50 ml of a 5%
sucrose solution for 30 min immediately followed dy intraperitoneal injection of lithium
chloride (LiCl; 50mg/kg in 1 ml/kg distilled wate@s aversive stimulus to produce the
conditioned taste aversion. Phase 3: (testing;5Ja@n day 5, each animal was again placed
in the experimental chamber and given simultan@agsss to both 5% sucrose and water for
30 min. In PE and NPE animals latent inhibitionpmssed as sucrose suppression ratio
(SSR), was assessed by comparing the amount adssigersus water consumed on day 5,
according to the following formula:

SSR= [ml sucrose consumed/(ml sucrose consumedwatel consumed)].

Both caffeine- and saline-groups were subdividéd FE and NPE groups. Both caffeine and
saline were administered to the respective groupsmih prior to the pre-exposure and

conditioning phases.

Experiment 2: caffeine and cortical spreading degsgon

In adult rats (90 to 110 days old), which had neerb previously subjected to caffeine
treatment, neither used in the LI experiments, @&i3 recorded on the cortical surface for a
4-hour period. Under anesthesia (1 g/kg urethane 40 mg/kg chloralose, ip), three trephine
holes (2-3 mm in diameter) were drilled on the trigjde of the skull (two at the parietal bone
and one at the frontal bone). The three holes akgaed in the fronto-occipital direction and
were also parallel to the midline. CSD was elicis@d®0 min intervals by applying a cotton
ball (1-2 mm diameter), soaked in 2% KCI solutiapgroximately 0.27 M) to the anterior
hole drilled at the frontal region for 1 min. Thepagating CSD was monitored

simultaneously at two parietal points on the caitisurface by recording the
electrocorticogram (ECoG) depression and the sld @otential change typical of CSD.
Recordings were performed by using a pair of Ag-AgQar-Ringer electrodes. These
electrodes consisted of plastic conic pipettesnfSength, 0.5 mm tip inner diameter), filled
with Ringer solution solidified with the additiorf 6.5% agar, into which a chlorided silver
wire was inserted. The pipettes were fixed togefia@r-wise with cyanoacrylate glue, so that
the interelectrode distance was kept constant doh gair (range: 4-5.5 mm). Each pair of
electrodes was connected to a lever that coulceltecally moved by turning around a screw,
so that the recording electrodes could be gentigaad on the intact dura-mater, under low-
power microscope control, without any excessivessuee on the cortical surface. A common

reference electrode, of the same type, was plag¢keonasal bones.



TABLE | Percentage composition of the Regional BasiDiet, with 8% and 22% protein (respectively RB[R3 and RBD,y).

RBDg * RBD,, **
Ingredients Composition (%)
g/100g Protein  Carbohydrate Fat Ash Fiber Kcal g/@0 g Protein  Carbohydrate Fat Ash Fiber Kcal
Beang™**
18.9 3.99 10.66 0.24 0.57 1.09 60.76 60.0 13.5 34.87 0.78 0.57 3.57 198.7
Manioc flour
64.81 0.84 48.59 0.12 0.43 5.64 198.80 23.16  0.30 17.36 0.04 0.43 2.01 71.00
Defatted,
dried, salted 3.74 2.74 - 0.06 0.06 - 11.50 12.30  9.01 - 0.20 0.06 - 37.84
meat ***
Fat (from the
meat) 0.35 - - 0.35 - - 3.15 ; ] ] )
Sweet
Potato*** 12.76 0.30 9.99 0.03 0.20 0.48 41.43 4.56 0.11 3.55 0.01 0.20 0.17 14.73
TOTAL 100.0 7.87 69.24 0.80 1.26 7.21 315.64 100.0 22.4 55.78 1.03 1.26 5.75 322.27

* according to Teodosio et al [16]
** modified from Andrade et al [33]
*** Cooked, dried, and ground
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TABLE 2. Distribution of the 12 experimental groups of thtsdy according to the nutritional condition (W,
well-nourished; BRIy malnourished by feeding the basic regional diehwman populations of Northeast
Brazil, with 8% protein, and BRI malnourished by feeding the BRD supplementedusntjty, but not in the
quality of their proteins), to the drug treatme@af and S, respectively treatment with caffeine salthe) and to
the pre-exposure to sucrose solution in the infifse of the latent inhibition paradigm (PE, prpesed and

NPE, non-pre-exposed). The number of rats studiedhdicated in parentheses.

Sucrose pre-exposure
Group Diet Drug
1 Yes (9)
2 Lab chow diet, with Caf (18) No (9)
3 22% protein Yes (9)
2 (36) S (18) No (9)
5 Yes (9)
6 BRDg Caf (18) No (9)
7 (36) Yes (9)
8 S (18) No (9)
9 Yes (9)
10 BRD,, Caf (18) No (9)
11 (36) Yes (9)
12 S (18) No (9)

After the initial 2h of recording (baseline recqrddaffeine (30 mg/kg) was
intraperitoneally injected and the CSD recordingtocwed for two more hours. The velocity
of CSD propagation was calculated based on the tageired for a CSD wave to cross the
distance between the 2 recording electrodes. Imi@surement of CSD velocities, the initial
point of each DC negative rising phase was useth@ageference point. The mean CSD
velocities of propagation obtained in the pre- adt-caffeine periods were compared, in

order to detect a possible effect of caffeine oiD@8opagation.
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During the recording session, rectal temperature maintained at 37+1 °C by means
of a heating blanket. After the recording sessibe @inimal, while anesthetized, was
submitted to euthanasia by bulbar injury. This wasied out by introducing a sharp needle

into thecisterna magnaprovoking immediate cardio-respiratory arrest.

Statistical analysis

The average body weights in the three nutritionalugs were compared using ANOVA
followed by the Holm Sidak test.

The effects of caffeine and /or diet on LI wereessgd by comparing the difference between
PE and NPE groups. SSRs were analyzed by a 3X2X@WNconsidering as main factors
nutritional status (well-nourished, RBDor RBD,>-malnourished), sucrose pre-exposure
condition (pre-exposed or non-pre-exposed) and ttreagment (caffeine or saline), followed
by a post-hoc test (Holm Sidak) where indicatedD@®opagation velocities before and after
caffeine were compared, in the same animal, bygu#ie paired t-test. Differences were

considered significant whegx0.05.

Results

Experiment 1 — Caffeine and latent inhibition

Figure 1 presents the evolution of body weighthef &nimals in the three nutritional
conditions (W, RBI@ and RBD,) from day 10 to 75 of life. ANOVA showed a sigint
main effect of nutritional status on the body wei¢R[2, 490] = 1078.69P<0.001). The
Holm-Sidak test revealed that the two RBD-groupsented weights significantly lower than
the W-group from day 10 to 35. On days 55 and i&,RBy group still displayed lower
body weights than the other two groups, which ditidiffer from each other.

Figure 2 presents the mean fluid intake of thegmatritional groups during the first phase of
the LI procedure (days 1, 2 and 3). On day 1, ANO¥»ealed an effect of the drug-sucrose
pre-exposure interaction (F[1, 106]=5.920; P<0.0Ilhe Holm-Sidak test indicated that
caffeine-treated rats drank less fluid than theresponding saline animals, in the RBD
group. On day 2, there was a significant effedhef main factors sucrose pre-exposure (F[1,
106]=6.285; P<0.014) and drug (F[1, 106]=4.745; B3R), and also the following factor
interactions: diet x drug (F[3, 103]=11.446; P<@.pand sucrose pre-exposure x drug (F[2,
104]=6.704; P<0.011). The Holm-Sidak test indicatiedt caffeine-treated rats drank less

fluid than the corresponding saline animals in\ttheand the RBI[ groups. However, in the
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RBD,, animals caffeine increased the intake of fluid. day 3, there was a significant effect
of the main factors diet (F[2, 105]=7.788; P<0.0(dnd sucrose pre-exposure (F[1,
106]=41.693; P<0.001). The Holm-Sidak test indidateat in the RBER, group sucrose-pre-
exposed rats drank a higher amount of fluid thartbn-pre-exposed ones, as compared to

the respective RB§ and W-animals.
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Figure 1- Body weight (meanzstandard error of thean) of well-nourished (Wand early-malnourished rats
with 10 to 75 days of age. Malnutrition was prodlidy feeding the lactating dams with the “regiobakic
diet” containing 8% protein (RBf) or a BRD supplemented to contain 22% proteinhefsame origin mostly
from vegetables (BRP). Data are expressed as meanzstandard error ofmden. The asterisks indicate
malnourished values that are significantly differélom the corresponding well-nourished controleeTblack
circles denote RBR values significantly different from the respectR8Dg measurements (P<0.05, ANOVA
followed by the Holm-Sidak test).

Figure 3 shows the sucrose suppression ratio (stieoats), indicative of the LI phenomenon.
As expected, ANOVA confirmed the significant effeat the main factor sucrose pre-
exposure (F[1, 106]=47.074; P<0.001). Also, a $igamt interaction between the factors
sucrose pre-exposure and drug was found (F[2, 1(34]24; P<0.001). The Holm-Sidak test
indicated an antagonistic action of caffeine in\tfieand RBRQ-groups, but not in the RBD

condition.
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Figure 2- Effect of caffeine (Caf) on the intake safcrose (PE-groups, preexposed to sucrose) oresgal;
NPE-groups, non-preexposed) in well-nourished (W RBD-malnourished rats (RB@and RBD, condition)
during the days 1, 2 and 3 of the LI procedure §pHb, or pre-exposure phase). Data are ml of tiresymonding
solution (sucrose or saline) ingested by the PE-NIRE-groups, respectively, expressed as meanzisihedror
of the mean. The asterisks indicate NPE-valuesfaigntly different from the corresponding PE- ikéa The #
symbol on day 3 denotes different intake behaviobrg distinct dietary groups, concerning the faqioe-
exposure to sucrose (PE>NPE; P<0.05, three-way AN@Wowed by the Holm-Sidak test).
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Figure 3- Effect of 30mg/kg caffeine and salinetlom sucrose suppression ratio (SSR) on day 5dég3tduring
the LI procedure, after having used sucrose agalestimulus in the pre-exposure phase (days J).t@8&ta are
expressed as meanzstandard error of the mean.stdrésks indicate NPE-values significantly differénom the
corresponding PE-measurements (P<0.05; ANOVA fdadidwy the Holm-Sidak test)

Experiment 2 — Caffeine and cortical spreading @spgion

As a rule, the application of KCI for 1 min to aioof the frontal cortical surface effectively
elicited a CSD episode, which propagated and wesrded at the two parietal recording
points. In the RBIp group, in some cases the KCI stimulation eliciteore than one CSD
episode, suggesting a malnutrition-related higherti@al susceptibility to the CSD-
phenomenon, as compared to the W-group.

Figure 4 presents the mean CSD velocity of propagah the three nutritional groups, before
and after 30 mg/kg caffeine. The post-caffeine @slwere not different from the pre-caffeine
velocities in the same animals (P>0.05; pairedst}tendicating lack of effect of this drug.
However, ANOVA revealed a significant effect of tf@ctor diet. The Holm-Sidak test
indicated that the two malnourished groups displdygher CSD velocities, as compared to
the W controls (F[2, 31]=14.439; P<0.001).
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Figure 4- CSD velocities (meantstandard error ef itean) in adult rats whose mothers were fed dutirg
lactation period with a commercial lab chow diethw22% protein (well-nourished —W- group), or witie
“regional basic diet containing 8% protein (RB@roup) or a RBD supplemented to contain 22% pnodéithe
same origin (mostly from vegetable source; RBD Post-caffeine velocities did not differ from the
corresponding pre-caffeine values, obtained insdie animals. The # symbol indicate that the RBihals
have higher CSD velocities, as compared to thoghefvell-nourished control group (P<0.05; ANOVAugI
Holm-Sidak test).

4. Discussion

In the present work we investigated the brain actiof caffeine, as well as the interaction
between caffeine and early malnutrition, by compuarhe effects in an attention-dependent
behavior (LI) and in an electrophysiological pagudi (CSD). Data indicate that caffeine

treatment differentially antagonized the LI, butt tlee CSD phenomenon, and that the LI
effect of caffeine is influenced by malnutritionhd underlying mechanisms of the presently
documented novel caffeine effect will be discussedight of the evidence supporting the

involvement of caffeine modulation of dopaminergeceptors at the subcortical level that
participate in attention processes. On the othad hdopaminergic modulation is speculated

not to participate much in the CSD propagation raa@ms at the cortical level.
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4.1 Caffeine, malnutrition and latent inhibition

The reduced body weight presently found in the RBiDmals indicates that this dietary
treatment effectively provoked malnutrition in thmups and this affected their body
development, with probable consequences on brairctgte and function. The weight
differences between the two groups fed 22%-protieets (the W- and the RBB groups)
illustrate the importance of the quality of thetdrg proteins. These data confirm previous
studies in which the RBD model has been used [2628].

During the initial phase of the LI procedure thegressive daily increase in the fluid intake,
as well as the differential intake of the PE ancENjPoups (PE>NPE) have been previously
reported in a conditioned taste aversion paradiged uo test drug effects [34-36] and is now
confirmed (see Figure 2).

It appears that at least some of the brain actioihgaffeine can have as underlying
mechanism the interaction between adenosing @d dopamine P receptors [6, 37].
Dopaminergic transmission via;Deceptors is expected to increase as a conseqoérce
inhibition of Axa receptors by caffeine [37]. Drugs having dopangierantagonism are
effective in the treatment of psychotic diseaskes Bchizophrenia, whose biological basis
involves attention impairment [38]. According te@#e authors, as a model involving selective
attention, LI has been considered an animal mofistlmzophrenia. Studies on humans and
laboratory animals demonstrate that dopaminergenigcan harm the attention, as indexed
by the LI model, [2, 12, 36, 38-42]. In line withis evidence, caffeine has been shown to
increase the rotation behavior consequent to dapaneiceptor activation; furthermore, the
caffeine effects on LI are similar to those of aefaimine [6]). The data collectively supports
our speculation that modulation of dopaminergiepmaors by caffeine would be involved at
least in part on the LI effects. All the eviden@@withstanding, this will have to be confirmed
in the future by quantifying the caffeine effectla@ dopamine-receptor level.

As already pointed out (see introduction), the bedral action of caffeine is dose-dependent,
with effective doses varying between 10 and 40 odf 7]. A single study has so far
addressed the relationship between caffeine admatan and LI effects [12]. The authors
reported that caffeine at a dose of 10 mg/kg irsgddocomotion, but had no effect on LI. In
contrast, the present study unequivocally showatl36 mg/kg caffeine antagonized LI. Both
in the well-nourished and in the RBDnalnourished groups LI abolishment was associated
with the caffeine treatment and not with the in@etstress, since in the saline-injected groups

LI did not change (see Figure 3). The absence @ffielcts of caffeine reported previously by
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others [12] contrasts with the present findingstHa above-mentioned study however, the
caffeine dose corresponded to one-third of thathef present work (10 and 30 mg/kg,
respectively) and the LI procedure employed anvactwvoidance chamber, instead of
conditioned taste aversion as we presently usedsélmethodological discrepancies could
explain, at least in part, the differences in daeeffectiveness between our report and the
previous one mentioned above. This point also neede better clarified.

The present data clearly demonstrated that thétiootl imbalance produced by RBP but
not by RBL} treatment of the lactating dams influenced theatfbf caffeine on LI in their
offspring at adulthood (compare the three dietargugs in Figure 3). This differential
caffeine effect in the two RBD-malnourished grougesn be attributed to the distinct
imbalances established in the organism, regardimgy ratios between the amino acids
provided by each diet. In other words, we sugdest it is an effect dependent on the quality
rather than on the quantity of the dietary protémerestingly, caffeine-induced differential
effects on fetal rat brain depending on dietarytgirohave been previously reported [43].

As largely documented, the biochemical and morpiiodd organization of the brain can be
disrupted by nutritional imbalance (see [14] faremiew), and this usually has consequences
on behavioral [44] as well as electrophysiologifd#] aspects of brain function. Sensory-
motor processes underlying sensation perceptiontlamdexecution of motor tasks can be
affected by nutritional deficiency. Malnutritiondoced brain functional impairment also
includes disturbances involving consciousness, imotearning, memory and cognition.
Observations in very low birthweight infants andildten collectively indicate a causal
relationship between impaired neurodevelopmentaicarne and deficient behavioral
processes involving reduced visual [45, 46] andbakerfunction [47], with negative
consequences in the responses to novel and coivpetituations [48]. Concerning the
interaction between the caffeine effects and theitrmanal status, a single morphological
study in the rat is available and refer that protaiergy malnutrition combined with
administration of caffeine during pregnancy pernmilyemodifies the development of the
trigeminal nuclear center [49]. The present LI hebia@l data are consistent with those of that
previous study [49], concerning the interactiorthad two factors (caffeine and malnutrition).
However, the electrophysiological results on thé@henomenon contrast with the LI ones,

as will be discussed in the next session.
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4.2 Caffeine, malnutrition and cortical spreadingpidession

Our data demonstrated that the caffeine antaganidfect on LI was not seen in the CSD
phenomenon, neither in the well-nourished nor ie thalnourished groups. However,
confirming previous results [19] a facilitating eft of RBD-malnutrition on CSD
propagation has been found. This CSD facilitatias been causally associated, at least in
part, to the brain changes induced by malnutritioduding: (1) disturbances in the action of
synaptic neurotransmitters, (2) increase in thénbrall packing density and (3) reduction in
the myelination of the brain [14, 50]. Concerningaimation, an inverse correlation between
brain myelination and CSD propagation has beenntBcelemonstrated by employing
dietary, genetic (transgenic animals) and immurstelcshemical approaches [31]. These
authors have also shown the dichotomous natureeinmtodulation of such effect, i.e., CSD
was accelerated in myelin-deficient and deceleratduypermyelinated rodents. Of note, by
comparing CSD propagation in adult rats malnoudstveell-nourished and over-nourished
during the lactation period, a similar dichotomo@SD modulation has also been
demonstrated (CSD acceleration in malnourished-daeéleration in over-nourished rats, as
compared to the wel-nourished controls; [51]). Friv@ above, we postulated that the action
of caffeine on the brain, by being more selecthantthe actions of malnutrition, has affected
more the subcortical dopaminergic processes undgrtite LI phenomenon in comparison to
the cortical processes involved in CSD. In supporthis postulation, a previous study has
reported a lack of action of apomorphine on CSiEhenrat brain [52]. Also, unpublished data
from our laboratory documented the absence of effielsaloperidol on CSD.

In conclusion, our results document, for the finste, a novel impairing behavioral effect of
caffeine on an attention-related process, as astedy the LI model, but not
electrophysiological effect on the CSD phenomendhe caffeine effect seems to be
influenced by the type of malnutrition early inelif The suggestion of a dopamine-based
modulation of caffeine at the subcortical, but @dtthe cortical level seems to us very
tempting and shall be further investigated. Ouadatntribute to improve the knowledge of
the mechanisms of the brain caffeine effects, d$ ageof the drug-nutrition interactions. It
might thus be useful to shed light on the undegymarmacological mechanisms acting at

the brain cortical and subcortical levels.
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9. CONSIDERACOES FINAIS

Como dito inicialmente, nesta tese investigou-seef®tos comportamentais e
eletrofisiologicos da cafeina; adicionalmente, deste a possibilidade de esse efeito ser
modificado pela desnutricdo durante o desenvolvimeédomo na LI os animais tém que ser
tratados com cloreto de litio, investigou-se tambésnefeitos desse composto sobre o
fendbmeno eletrofisiologico da DAC.

Com base nos resultados obtidos, pode-se concieir q

1) A cafeina dificultou a atencéo, tanto nos ansnmitridos (grupo Labina) quanto nos
precocemente desnutridos (grupo RBR julgar pelo observado nos experimentos da LI,

2) A suplementacgao quantitativa da DBR (grupo RBRboliu esse efeito, sugerindo que
ele € modulado pelo estado nutricional;

3) A propagacdo da DAC nao foi modificada pela icafe A facilitacdo da DAC
associada a desnutricdo pela RERDBR,, confirmou estudos anteriores deste laboratério;

4) A semelhanca da cafeina, o tratamento com @lafetLitio ndo teve efeito sobre a
propagacdo da DAC nos animais nutridos, mas, avacanda cafeina, dificultou a DAC na
desnutricdo pela DBR A suplementacdo quantitativa de proteinas (RBReverteu esse
efeito do litio, indicando que tal efeito é depentdedo estado nutricional.

5) A comparacéo dos dados da LI com os da DAC andicséncia de correlagao entre os
efeitos comportamentais e as eletrofisiologicosalaina, o que pode ser devido a uma maior
acdo dessa substancia nas estruturas cerebraislvidaso na LI (estruturas

predominantemente sub-corticais), do que no temdical, onde se estudou a DAC.

10. PERSPECTIVAS

O presente trabalho permite vislumbrar as segupeespectivas:

1°) Investigar se a aplicacdo topica cortical dfeioa, em diferentes concentracgdes,
produz efeitos sobre a DAC;

2°) Analisar os efeitos da aplicacdo crénica daica durante o periodo critico do
desenvolvimento cerebral, sobre a LI e a DAC,;

3°) Estudar possiveis efeitos neurais do clorethitio em distintos periodos apés sua
aplicacao.

4°) Verificar se manipulacdes nutricionais, difées das deste trabalho, também

podem interferir nos efeitos neurais da cafeina.
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