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RESUMO

A Depressao Alastrante Cortical (DAC) é uma resposta cerebral relacionada & excitabilidade neural e a
doencas como epilepsia e enxaqueca. A exposicdo de organismos em desenvolvimento a diversas
condi¢cBes como a desnutricdo e ambientes quentes, pode permanentemente alterar a excitabilidade
neural, mudando as caracteristicas eletrofisiol6gicas cerebrais que podem ser relevantes na génese de
doencas como a epilepsia. Neste trabalho, foram investigados os efeitos duradouros, sobre a
susceptibilidade a DAC, da exposicao de ratos normonutridos (maes alimentadas no aleitamento com a
dieta comercial do biotério, com 23% de proteina) e desnutridos (mées alimentadas com a “dieta
basica regional”, com 8% de proteinas) no periodo de desenvolvimento cerebral (10° ao 29° dia
posnatal) a 15 sessOes diarias (5 sessfes por semana durante 3 semanas) a um ambiente quente
(40£2°C). Na idade de 30-40d e 90-120d de vida (jovens e adultos respectivamente), eles foram
anestesiados (uretana+cloralose; 1,000+40mg/kg ip) e o EcoG, bem como a variacdo lenta de
voltagem que acompanha a DAC foram registrados em 2 pontos parietais por 4 horas. Comparado aos
controles (mantidos a temperatura ambiente), os ratos expostos ao aquecimento apresentaram
velocidades de propagacdo da DAC mais altas (P<0,05) em ambas as idades de registro e em ambas as
condigdes nutricionais. As média+dp das velocidades da DAC (em mm/min) foram: para os ratos bem
nutridos controles e submetidos ao aquecimento, respectivamente 3,75+0,15 e 4,17+0,19 (grupo
jovem), e 3,33+£0,06 e 3,88+0,26 (adultos); para as mesmas condic¢Ges nos ratos desnutridos, 4,30£0,22
e 5,31+0,46 (jovens), e 4,18+0,20 e 4,88+0,35 (adultos). Em contraste a desnutricdo precoce, e
exposicdo ao ambiente quente ndo afetou 0s pesos corporais e cerebrais. Conclui-se que a exposicdo
ao aquecimento durante o desenvolvimento cerebral aumenta de forma duradoura a susceptibilidade a
DAC e este efeito ndo € modificado pela desnutrigdo precoce.

Palavras-chave: desenvolvimento neural, desnutricdo, exposicao ao calor, ativacdo térmica sensorial,

depressdo alastrante cortical
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ABSTRACT

Cortical spreading depression (CSD) is a brain response related to neural excitability and to diseases
like migraine and epilepsy. Exposure of developing organisms to adverse conditions like malnutrition
and a warm environment can permanently alter the neural excitability, changing brain
electrophysiological features, which may be relevant to epilepsy genesis. Here we investigated the
lasting effects, on brain CSD susceptibility, of exposing well-nourished and malnourished developing
rats (from postnatal day 10 to 29) to 15 daily sessions (5 sessions per week during 3 weeks) of a warm
environment (40+2°C). At 30-40d and 90-120d of life (young and adult age, respectively), they were
anesthetized (urethane+chloralose; 1,000+40mg/kg ip) and the ECoG plus slow potential change
accompanying CSD were recorded on 2 parietal points for 4h. Compared to controls (maintained on
the normal environment temperature), hyperthermia-treated rats displayed higher CSD-velocities
(P<0.05) at both CSD-recording ages and nutritional statuses. The meantsd CSD-velocities (in
mm/min) were: for control- and hyperthermia well-nourished rats, 3.75+0.15 and 4.17+0.19 (young
groups), and 3.33+0.06 and 3.88+0.26 (adult); for the same conditions in the malnourished rats,
4.30£0.22 and 5.31+0.46 (young), and 4.18+0.20 and 4.88+0.35 (adult). In contrast to early
malnutrition, hyperthermia treatment did not affect body- and brain weights. It is concluded that early
hyperthermia treatment long lastingly increased brain CSD-susceptibility and this effect is not
modified by early malnutrition.

Keywords: Neural development, malnutrition, heat exposure, sensory thermal activation, cortical

spreading depression
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I. INTRODUCAO

I.1- Estimulacdo Ambiental e Fungdo Neural

A hipertermia corpdérea durante o desenvolvimento cerebral pode afetar diversos
mecanismos celulares tanto em humanos como em animais. Em mamiferos, a estabilidade da
temperatura corp6rea em torno de 37°C é regulada pelo sistema integrador hipotalamico. A
manutencao aproximada desse ponto de ajuste é importante para garantir uma perfeita execugdo
das reacOes enziméticas (Lent, 2002). Quando a temperatura corporea tende a se elevar acima de
37°C, o hipotalamo aciona de forma mais efetiva sua capacidade termorreguladora, tentando
evitar a hipertermia. O organismo pode sofrer intermacgdo, alterando os processos fisioldgicos
(Guyton e Hall, 1997). Em humanos, a hipertermia ambiental durante o desenvolvimento neural
tem sido implicada na génese de alteragBes do sistema nervoso central (SNC; Edwards et al.,
1995).

Durante o desenvolvimento e maturacdo neural de mamiferos, a estimulacdo ambiental
pode influenciar o desenvolvimento e a funcéo cerebral, e tais efeitos sdo em parte devidos a
ativacdo das varias vias sensoriais que ocorrem durante a estimulagéo (ver Renner & Rosenzweig,
1987, para uma revisdo).

Tem sido demonstrado que a estimulacdo sensorial ajuda organismos em desenvolvimento
na recuperagdo de condigdes deletérias para o desenvolvimento do cérebro e do comportamento,
como por exemplo, a desnutricdo (Carughi et al., 1989; Grantham McGregor et al., 1991) e
doencas neuroldgicas (Fraser et al., 2002; Chen et al., 2005).

Dentre os efeitos da estimulagdo ambiental térmica excessiva sobre o sistema nervoso
central, o delirio, a convulsdo e o coma séo relevantes (ver Bouchama & Knochel, 2002; Sharma,
2005a, b). Uma convulséao febril é definida como uma convulsdo que ocorre na infancia apés a
idade de 1 més, associada com uma doenga febril na auséncia de uma infeccdo do SNC e sem

nenhuma convulsao febril prévia (llag, 1993).
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Em humanos, a convulsao febril constitui um dos disturbios neurais de maior prevaléncia
durante a infancia afetando aproximadamente 3-5% das crian¢as em todo o mundo, sendo comum
na idade entre 6 meses e 6 anos (Kolfen et al., 1998; Shinnar & Glauser, 2002; Dubé et al., 2007,
Chen et al., 1999; Herrgard et al., 2006; Dube et al., 2000; Verity et al., 1985; Hauser, 1994). O
progndstico é geralmente muito bom; uma simples convulsdo febril leva somente a pouco risco de
desenvolvimento de epilepsia (Verity e Golding, 1991). Contudo, se prolongadas e/ou repetidas,
as convulsdes podem alterar os circuitos hipocampais levando a mudangas moleculares e
estruturais que promovem uma rede neuronal hiperexcitavel (hiperexcitabilidade hipocampal).
Assim, podem reduzir o limiar para convulsdes subsequentes e contribuir para ocasionar
disfungdes neuroldgicas, como a paralisia cerebral e a epilepsia (Chen et al., 1999; Stokes, 2000;
Wau et al., 2000; Dube et al., 2000; Bender et al., 2003; Chen et al., 1999; Hesdorffer & Hauser,
2002; Stokes, 2000; Trinka et al., 2002).

Muitos estudos tém reconhecido a associacdo entre convulsBes febris complexas e um
risco subseqliente aumentado de epilepsia do lobo temporal (ELT) (Trinka et al., 2002; Abou-
Khalil et al., 1993; French et al., 1993; Cendes et al., 1995; Mathern et al., 1995). Esta € definida
como uma sindrome caracterizada principalmente por mudancas patolégicas envolvendo o
hipocampo (Engel, 2001). Porém, ainda ndo se tem claro se estas convulsfes provocam epilepsia
de inicio tardio, como tem sido suspeitado, em humanos (Dubé, 2006).

O aquecimento de animais com banhos de agua ou ar quente pode levar a convulsdes
febris com comportamentos e caracteristicas do EEG que relembram convulsdes febris clinicas
com efeitos a longo prazo sobre a excitabilidade neural (Chen et al., 1999).

Em ratos, um estudo com a técnica de “patch clamp” demonstrou que convulsdes febris
induzidas no aleitamento, provocam um aumento pré-sinaptico seletivo na transmissao sinaptica
inibitoria na idade adulta (Chen et al., 1999). De acordo com Sarkisian et al. (1999), roedores
jovens e adultos submetidos & elevacdo da temperatura corpérea para 40° durante 45 minutos,

associada a estimulagdo hipocampal continua mostraram-se resistentes a danos cerebrais. As
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convulsbes hipertérmicas podem favorecer um aumento da excitabilidade limbica e da
permeabilidade cerebrovascular (llbay et al., 2003; Dube et al., 2000). Em cobaias recém
nascidas, foi observada uma diminuicdo do peso encefalico em conseqliéncia da exposicdo a

hipertermia ambiental (Edwards, 1969; Edwards et al., 1971; Upfold et al., 1989).

1.2- Desnutricdo e Maturacgdo Neural

Durante o desenvolvimento, o cérebro esta mais susceptivel a sofrer alteracbes ambientais
e nutricionais (Dobbing, 1968a,b; Guedes, 1984). A deficiéncia nutricional precoce pode alterar o
desenvolvimento cerebral, podendo prejudicar a organizacdo e as func¢fes dos 6rgdos e tecidos
neurais em animais e humanos (Morgane et al., 1978; Barker, 1997). E bem conhecido que a
desnutricdo é mais severa quando ocorre no periodo critico de desenvolvimento, sendo que alguns
dos efeitos podem se tornar permanentes (Hack et al., 1991; Borba et al., 2000; Rocha-de-Melo et
al., 2004).

No rato, este periodo corresponde as primeiras semanas da vida pos-natal; por exemplo, o
periodo de lactacdo é o tempo em que o cérebro apresenta a sua méxima vulnerabilidade a muitos
tipos de injurias, incluindo a desnutricdo (Dobbing et al., 1971). Durante este periodo, o cérebro
estd em maximo desenvolvimento, seu peso aumenta com a maior velocidade. Uma dieta materna
inadequada, imposta as maes durante este periodo inteiro, pode causar deficiéncia nutricional nos
filhotes e os efeitos de tal condicdo nutricional, sobre o sistema nervoso central, dependerd da
severidade e duracdo da desnutricdo (Morgane et al., 1978). Relatos sobre a desnutri¢éo associada
a alteracfes duradouras do SNC incluem distarbios morfolégicos, bioquimicos, fisiolégicos, e
comportamentais (Resnick et al., 1979; Borba et al., 2000; Maia et al., 2006). Em ratos, a
desnutricdo precoce pode causar, dentre outros danos, retardo do desenvolvimento locomotor,

reducdo do peso encefalico e do nimero de sinapses por neurénio (Morgane et al, 1978). Em
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criancas, a desnutricdo retarda o crescimento e o desenvolvimento, prejudica a concentracdo e a
capacidade de aprendizado (Dastur et al., 1977; Monckeberg, 1988).

Evidéncias experimentais indicam que animais desnutridos apresentam elevada
susceptibilidade a processos relacionados a excitabilidade neural, tais como reatividade
aumentada a estimulos aversivos e facilitacdo para se obter crises convulsivas induzidas
experimentalmente. O estudo da excitabilidade cerebral pode ser feito registrando-se e analisando-
se a atividade elétrica produzida pelo cérebro. Este, enquanto esta vivo, produz espontaneamente
(isto é, sem qualquer estimulo intencional aplicado pelo pesquisador) um padrdo de ondas
elétricas de carater oscilatorio, que constitui o que se chama eletroencefalograma
(abreviadamente, EEG), (Guedes et al, 2004).

Dados atuais sobre ratos em desenvolvimento tém indicado que a temperatura ambiental
pode influenciar o desenvolvimento da morfologia corporal e 0 comportamento de preferéncia
térmica (Vilarreal et al., 2007). A estimulagdo termal periférica pode modificar a excitabilidade no
SNC (Liebregts et al., 2002). A implicacdo é que a estimulagdo periférica de uma Unica via
sensorial, tal como a que conduz a informagdo da temperatura ambiental ao cérebro, poderia
fornecer informacbes valiosas sobre a participacdo dessa via nos efeitos dependentes da
excitabilidade mencionados acima.

Neste trabalho, foi testada esta possibilidade pelo estudo, em ratos previamente submetidos
a repetidos episddios de hipertermia ambiental, do fen6meno relacionado a excitabilidade neural

conhecido como depressdo alastrante cortical (DAC).



-12 -

1.4- Caracteristicas da Depressédo Alastrante Cortical

Esse fendmeno foi primeiro descrito por Aristides Azevedo Pacheco Ledo (Ledo, 1944). A
DAC é caracterizada por alteragBes macigas na homeostase idnica cerebrocortical em resposta a
estimulacdo elétrica, quimica ou mecénica de um ponto sobre a superficie cortical (Martins-
Ferreira et al. 2000; Somjen, 2001). Tais alteragBes idnicas resultam em uma “onda” de
despolarizagdo neural que se propaga com uma velocidade de 2-5 mm.min ™" através da superficie
cortical, acompanhada por supressao reversivel da atividade neuronal espontanea e evocada que
se propaga lentamente através da superficie cortical (Teive et al., 2005). A DAC se propaga de
forma concéntrica a partir do ponto estimulado. AlteracBes nas velocidades de propagacéo sdo
interpretadas como indicagdo de que o tecido cortical esta alterado, seja na sua estrutura, seja na
sua atividade eletrofisiolégica. Velocidades significantemente mais altas ou mais baixas do que
aquela de animais normais (grupo controle) indicam, respectivamente, susceptibilidade do tecido
cortical & DAC aumentada ou diminuida, sugerindo as variacbes correspondentes na
excitabilidade cortical Guedes et al., 2004).

A recuperacdo do cortex deprimido pela DAC comega do ponto inicialmente estimulado e
leva em torno de 5 a 10 minutos para se recuperar. Uma vez recuperado, o tecido € novamente
capaz para gerar uma outra DAC, o que indica que é um fendmeno totalmente reversivel.
Simultaneamente a depressdo do eletrocorticograma, tem sido também descrito o surgimento de
uma variacdo lenta de voltagem da superficie cortical (Ledo, 1947), bem como translocacGes de
agua e ions entre 0s espagos extra- e intra-celular (Kraig e Nicholson, 1978; Phillips e Nicholson,
1979). Em trabalhos anteriores foi observado que as DACs provocadas por acetato de sédio
apareciam primeiro em ratos no periodo de aleitamento (12-15 dias de idade) (Richter et al., 1998).
A DAC pode ocorrer em ratos adultos, mas a sua velocidade de propagagdo declina em fungéo da
idade, conforme testado em ratos na faixa de 2.5 a 24 meses (Guedes et al., 1996).

A respeito dos mecanismos responsveis pela geracdo e propagacdo deste interessante
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fendmeno, discussbes atuais frequentemente mencionam o papel da atividade de
neurotransmissores, em alguns casos facilitando a DAC (Guedes et al., 1992), e em outros casos
dificultando-a (Gorelova et al., 1987; Guedes et al., 1987; Guedes et al., 1988).

N&o h& estudos in vivo disponiveis entre a relacdo: estimulacdo sensorial térmica e DAC.
Contudo, um relato tem documentado evidéncias experimentais in vitro (fatias hipocampais de
animais adultos) de efeitos da DAC produzidos pelo aquecimento da preparagdo. Nessas
condi¢Bes, a DAC ocorria quando a temperatura era aumentada de 34° para 40°C (Wu & Fischer,
2000). Estes novos dados sdo considerados interessantes tendo-se em vista uma condicdo
patolégica humana que pode afetar o cérebro em desenvolvimento de criangas e € conhecida como
convulsdo febril (Chen et al., 1999; Hesdorffer et al., 2002; Knudsen, 1996; Shinar e Glauser,
2002; Trinka et al., 2002).

A deficiéncia nutricional no inicio da vida, que pode alterar a exicitabilidade neural
(Morgane et al., 1978; Palencia et al., 1996), pode também afetar a incidéncia e a propagacdo da
DAC (De Luca et al., 1977; Rocha-de-Melo et al., 2006). O célculo da velocidade de propagacao
deste fendmeno € relevante para a sua interpretacdo. No que se refere a desnutri¢do precoce, é
conhecido que ela exerce um efeito facilitador sobre a propagacdo da DAC, a julgar pelas suas
velocidades de propagacdo, mais altas nos animais adultos que foram precocemente desnutridos,

em comparagao com animais controle, bem-nutridos durante toda a vida (Guedes, 2005).

A suplementagdo, com proteinas, de uma dieta na qual esse nutriente era deficiente,
tanto em quantidade quanto em qualidade, levou a resultados diversos, dependendo da qualidade da
proteina usada na suplementagdo. Quando se suplementou a dieta carente com uma proteina de
baixa qualidade (de origem vegetal), os efeitos sobre a DAC ndo foram revertidos. A reversao s
foi conseguida quando a proteina usada na suplementagdo era a caseina, a proteina animal de
exceléncia para os mamiferos (Andrade et al., 1990). Com base nessas observacdes pode-se
concluir que os efeitos da desnutricdo no inicio da vida sobre o desenvolvimento e as fungdes

cerebrais ndo podem ser completamente evitados, se a alimentacdo deficiente for suplementada
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apenas com proteinas de baixo valor bioldgico, isto €, de baixa qualidade, definida pela falta de

alguns aminoacidos essenciais.

No rato, descobriu-se que mesmo episédios curtos de desnutricdo (apenas uma das
semanas do aleitamento) sdo capazes de alterar, de forma duradoura, a susceptibilidade cortical a
DAC. O maior impacto ocorre quando esse episodio curto de desnutricdo acontece na terceira
semana do aleitamento, sugerindo que os eventos de desenvolvimento cerebral que ocorrem nessa
semana tém grande importancia para o estabelecimento das caracteristicas da DAC, no cérebro
adulto (Rocha-de-Melo e Guedes, 1997). Esses resultados indicam também que o cérebro néo
parece ser tdo homogéneo quanto inicialmente se pensava, em termos de desenvolvimento, uma
vez que diferentes estruturas cerebrais desenvolvem-se em sub-periodos diversos durante o
aleitamento, de forma que mesmo episodios curtos de desnutricdo podem ter consequéncias
funcionais importantes, conforme a fase do desenvolvimento em que ocorram e a estrutura cerebral

que afetem.

A desnutricdo continua sendo um sério problema de saude publica, principalmente
(mas ndo exclusivamente) em paises em desenvolvimento, apesar da diminui¢do global da

prevaléncia da desnutricdo grave, nas Ultimas décadas.

Apesar dos multiplos estudos a respeito das possiveis causas da DAC, 0s mecanismos que
determinam a sua deflagragcdo e propagacdo ainda aguardam por um esclarecimento definitivo.
Nesse contexto, a exposi¢cdo de organismos em desenvolvimento a variagdes da temperatura
ambiental, como um fator que pode influenciar a ocorréncia da DAC, ndo tem sido estudada de
forma sistematica e constitui um tema relevante. Do mesmo modo, também ndo ha relatos de
investigagOes sobre a relacdo entre nutricdo, estimulacdo ambiental térmica e DAC. O presente

trabalho teve como objetivo investigar esta relacéo.
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Do acima exposto, foram formuladas as seguintes hipoteses:

@ Durante o desenvolvimento cerebral, a estimulacdo ambiental térmica diaria
seria transmitida ao cérebro por meio das vias sensoriais que conduzem
informacbes sobre a temperatura do ambiente e influenciariam a
susceptibilidade cortical a DAC;

2 Esse efeito sobre a DAC seria de longa duragéo;

3 Tal efeito seria influenciado pela deficiéncia nutricional provocada no inicio

da vida.
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Il. OBJETIVOS

11.1. Objetivo Geral
Estudar o fendmeno da DAC no cortex cerebral de ratos adultos previamente
submetidos, no aleitamento, a repetidos episddios de hipertermia ambiental

associada a desnutricéo.

11.2. Objetivos Especificos
1- Analisar o desenvolvimento dos filhotes por meio da evolucdo dos seus pesos
corporais (do aleitamento até a idade adulta) e encefalicos (na idade adulta).
2- Avaliar a susceptibilidade cortical a DAC, quando os filhotes se tornarem

adultos, por meio da sua velocidade de propagacao.
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Abstract

Cortical spreading depression (CSD) is a brain electrical response related to neural activity and to
diseases like migraine and epilepsy. Adverse conditions like malnutrition and a warm
environment exposure during brain development can permanently alter the neural excitability,
changing electrophysiological features of the brain responses. Here we investigated the lasting
effects of heat exposure on brain CSD susceptibility in well-nourished and malnourished
developing rats. From postnatal day 10 to 29, rats were exposed to daily sessions (one session per
day, 5 sessions per week during 3 weeks; total of 15 sessions) of a warm environment (40£2°C).
At 30-40d and 90-120d of life (young and adult ages, respectively), they were anesthetized
(urethane+chloralose; 1,000+40mg/kg ip) and the electrocorticogram plus the slow potential
change accompanying CSD were recorded on 2 parietal points for 4h. Compared to controls
(maintained on the normal environment temperature, 23+2°C), heat-exposed rats displayed higher
CSD-velocities (P<0.05; ANOVA plus Tukey test) at both CSD-recording ages and nutritional
statuses. The meantsd CSD-velocities (in mm/min) were: for control- and heated well-nourished
rats, 3.75+0.15 and 4.17+0.19 (young groups), and 3.33+0.06 and 3.88+0.26 (adult); for the same
conditions in the malnourished rats, 4.30£0.22 and 5.31+0.46 (young), and 4.18+0.20 and
4.88+0.35 (adult). In contrast to early malnutrition, heat-exposure did not affect body- and brain
weights. It is concluded that early heat exposure treatment long lastingly increased brain CSD-
susceptibility and this effect is not modified by early malnutrition.

O que foi usado?

Keywords: Neural development, malnutrition, heat exposure, sensory thermal activation, cortical

spreading depression.
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Introduction

During the mammalian neural development and maturation, environmental stimulation
can influence brain development and function, and such effect is at least in part due to the
activation of the various sensory pathways, which occurs during environmental stimulation (see
[43], for a review). Sensory stimulation has been shown to help in recovering developing
organisms suffering from brain- and behavior-impairing conditions as, for example, malnutrition
[3, 15] and neurological diseases [5, 11].

Recent data on developing rats have indicated that environmental temperature can
influence the development of body morphology and thermal preference behavior [50]. Peripheral
thermal stimulation may modulate neural excitability [35]. The implication is that peripheral
stimulation of a single sensory pathway, such as that carrying the environmental temperature
information to the developing brain, could provide valuable cues on the participation of this
pathway in the above-mentioned excitability-dependent effects. We have presently tested this
possibility in rats previously submitted to repeated episodes of heat exposure, by studying the
neural activity-related phenomenon known as cortical spreading depression (CSD).

CSD has been characterized as a reversible “wave” of suppression of the evoked and
spontaneous neuronal activity that slowly propagates across the cortical surface in response to
electrical, mechanical or chemical stimulation of one point on brain tissue [31]. The recovery of
CSD-depressed cortex starts from the initially stimulated point, and lasts about 5 to 10 minutes.
Once recovered, the tissue is again capable to generate another CSD, what indicates that it is a
fully reversible phenomenon. A slow negative DC-potential change of the cortical surface [32], as
well as water and ion translocations [26, 41], have been reported to occur simultaneously to the
ECoG-depression.

Nutritional deficiencies early-in-life, which can alter neural excitability [37, 39], can also

affect the CSD incidence and propagation [8, 44]. Malnutrition still continues being a serious
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public health problem, mainly (but not exclusively) in developing countries, despite the overall
decrease of malnutrition prevalence in the last decades.

Concerning the relationship between sensory stimulation and CSD, no in vivo studies on
the effects of environmental thermal stimulation are available. However, a report has documented
in vitro experimental evidence of CSD-effects produced by hyperthermia [52]. These novel data
are considered interesting in view of a human pathological condition, which can affect the
children’s developing brain, and is known as febrile seizure [4, 23, 24, 46, 48]. In humans, the
febrile convulsion constitutes a highly prevalent neural disorder during infancy, affecting
approximately 3-5% of children in the whole world, being common in the age-range of 6 months
to 6 years [4, 9, 22, 25, 46]. The prognosis is generally very good, but if prolonged, it can cause
neurological disturbances, as the cerebral paralysis and the epilepsy [4, 23, 48]

From the above, it was here hypothesized that (1) during brain development, daily heat-
stimulation of the peripheral sensory pathway that carries information on environment
temperature would alter the cortical CSD susceptibility, (2) this effect would be long lasting, and
(3) it could be influenced by early malnutrition. An abstract with some of the present results has

appeared [10].

Materials and methods

Experimental animals and Diets

Developing Wistar rats (n=82) from the colony of Department of Nutrition of Universidade
Federal de Pernambuco (UFPE), Brazil, were employed in these experiments. The litters were
formed by pooling 24-h old newborn rats from several dams and thereafter distributing them
randomly to form litters with 6 pups per lactating dam and assigned to two nutritional groups
according to the mother’s dietary conditions: (a) Well-nourished group (W, n=39), suckled by
dams fed a commercial laboratory chow diet (Purina do Brazil Ltd) containing 23% protein, and

b) Malnourished group (M, n=43), suckled by dams fed a deficient diet with only 8 % protein
( group y y P
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called “regional basic diet” (RBD) of low-income human populations of Northeastern Brazil [47].
The RBD has been largely employed in previous CNS-studies as an experimental model of
malnutrition (see [42]). After weaning (21days), the pups were housed in groups of 4-5 per cage
(51 x 35.5 x 18.5 cm), and kept on the control diet until the day of the electrophysiological
recording (30-40 days for the young groups or 90-120 days for the adult groups). Housing
conditions included controlled temperature (23+2°C) and a standard 12/12h light/dark cycle
(lights on at 7:00 am). All experiments were carried out in accordance with the “Principles of
Laboratory Animal Care” (National Institutes of Health, Bethesda, USA) and were approved by

the Ethics Committee for Animal Research of the Universidade Federal de Pernambuco, Brazil.

Exposure to a warm environment

Starting on postnatal day 10 and finishing on day 29, half of each litter was submitted to daily
sessions of environmental heating (EH; one session per day, 5 days per week, during 3 weeks;
total of 15 sessions). During such sessions, the pups were placed in a 18x13x11 cm plastic box,
which remained in a warm environment (a water-heater apparatus at 40+£2°C), for 15, 20 and 30
min in the 1%, 2" and 3" week respectively, between 12 am and 15 pm of each day. The floor of
the plastic box was covered with a 1cm-thick layer of soft-paper strips to avoid the direct contact
of the animals with the plastic floor during the heating session. The lateral walls of the plastic box
had several holes to allow the air exchange between the inner environment of the box and the
warm-room atmosphere of the water-heater apparatus. The control group was formed with the
other half of each litter, which was submitted to the same conditions, but with the water-heater
apparatus turned off (i.e., these control animals remained at the normal environment temperature

of the testing room, 23£2°C).
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CSD recording

When the pups were 30-40 days old (young groups) or 90-120 days (adult groups), they were
intraperitoneally anesthetized with a mixture of 1g/kg urethane plus 40 mg/kg chloralose (both
from Sigma Co., USA). This anesthetic mixture provides a very stable anesthesia, which lasts for
several hours, being very convenient for CSD recording in acute experiments (in which the
recovery of the animal from anesthesia is not required). It is also suitable for CSD-recording,
because it does not block CSD, in contrast to other anesthetics, like Ketamine, which does block it
[13]. The animal’s head was secured in a stereotaxic apparatus and three trephine holes (2-4 mm
diameter) were drilled in the right side of the skull. The holes were aligned in the anteroposterior
direction and parallel to the midiline. One hole, drilled in the frontal bone, was used for KCI
stimulation to elicit CSD. The other two holes, drilled on the parietal bone, were used to record
the propagating CSDs, by means of Ag-AgCl agar-Ringer electrodes. Simultaneous recordings of
the spontaneous cortical electrical activity (electrocorticogram; ECoG) and the slow potential
change accompanying CSD were performed continuously for 4h, against a third electrode of the
same type, placed on the nasal bones and used as a common reference electrode. Rectal
temperature was continuously monitored and kept at 37 £ 1°C, by means of a heating blanket.
CSD was elicited at 20min intervals by applying a cotton ball (1-2mm diameter) soaked with 2%
KCI solution (approximately 0.28 M) to a point of the frontal cortical surface (dura mater intact)
during 1 min. CSD propagation velocities were calculated based on the recording interelectrode
distance and on the time spent for a CSD-wave to cross that distance. This time was measured
using the beginning of the rising phase of the negative slow DC-potential change as the initial

point.

Body and brain weight
Body weights were measured at postnatal days 10, 25, 45 and 90. At the end of the CSD recording

session, the animal, while still anesthetized, was killed by lesioning the bulbar region with a sharp
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needle, promptly provoking cardio-respiratory arrest. After that, its brain was immediately
removed and weighed (wet-brain weight) and thereafter it was kept in a stove at 100°C and

weighed each other day, until it reached a constant weight (dry-brain weight).

Statistical analysis
Body and brain weight-, as well as CSD velocity intergroup differences, were compared by using
ANOVA followed by a post hoc (Tukey) test, where indicated. Differences were considered

significant when p < 0.05.

Results
Body and brain weights

The two M-groups presented body- and brain weights significantly lower (p< 0.05) than
those of the respective W-animals, indicating that the procedure used to induce malnutrition early
in life was effective. In the same nutritional condition, weights were not influenced by the early

heat exposure (Figure 1).

PLEASE INSERT FIGURE 1 ABOUT HERE

CSD propagation

The KCI stimulation at the frontal cortex for 1 min consistently elicited a single CSD wave, which
was recorded at the two electrodes located on the parietal region of the stimulated hemisphere.
The panels A and B of Figure 2 show electrophysiological recordings representative of W and M
rats from the control and heated groups, both at the young (panel A) and adult (panel B) ages.
When compared to the well-nourished groups, the corresponding previously malnourished
animals displayed higher CSD velocities of propagation (p<0.05). In both nutritional conditions,

CSD propagation in the cortical tissue of the groups submitted to environmental hyperthermia was
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faster than in the corresponding controls submitted to the normal environment temperature. The
meantsd CSD velocities (in mm/min) in the well-nourished young groups were: 3.75+0.15 and
4.17+0.19, for the control- and heated groups, respectively; in the malnourished young groups, the
corresponding velocities for the two temperature conditions were 4.30+0.22 (control temperature
group) and 5.31+0.46 (previously heated group). In the well-nourished adult animals, the CSD
velocities were 3.33+0.06 and 3.88+0.26 for the control- and heated groups, respectively, whereas
in the malnourished adults the corresponding velocities were 4.18+0.20 and 4.88+0.35. This is

shown in Figure 2, panels C and D, for the young and adult groups, respectively.

PLEASE INSERT FIGURE 2 ABOUT HERE

Discussion

The present results show that, like other conditions that change brain excitability, early
environmental heat exposure also enhanced CSD propagation in adult rats. The daily exposure of
developing rats to environmental heating resulted in a significant increase in the CSD velocity,
both in the well-nourished and in the malnourished condition. Furthermore, the effects of
peripheral thermal stimulation on CSD propagation lasted for at least 90 days, i.e., until
adulthood. Importantly, these effects cannot be attributed neither to the confining environment
(water-heater apparatus), nor to the anesthesia, as control animals that underwent thermal sham
stimulation (i.e., that were put in the water-heater apparatus turned off) and the same anesthesia
conditions did not show any change in the CSD propagation.

Various mechanisms could explain the present CSD changes. Repetitive peripheral thermal
stimulation may have altered brain excitability as indexed by changes in CSD. CSD does provide
a measure of cortical excitability. Environmental, pharmacological and nutritional manipulations,
which influence brain development and excitability, have also been shown to modify CSD

susceptibility [8, 16, 1, 7, 12]. For example sleep deprivation, which is known to enhance brain
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excitability, can cause an increase in CSD propagation [49, 21]. Therefore, the findings of our
study show that heat exposure might have increased cortical excitability.

Several lines of evidence additionally support the association of CSD to brain excitability,
as for example the postulated relationship between CSD and excitability-related diseases like
epilepsy [33, 19] and migraine [30]. Concerning to migraine, evidence includes similar ranges of
propagation velocity of migraine aura and CSD [29, 40], as well as the demonstration, by TMS
and magnetoencephalogram techniques, that migraine is associated with an increase in brain
excitability [2, 27] and that migraine patients also respond to anticonvulsive therapy [45].
Furthermore, conditions that are capable to trigger migraine, like hypoglycemia, are also effective
in increasing CSD propagation [7], and serotoninergic drugs that have anti-depressive action, like
citalopram [17] and fluoxetine [1], or that are therapeutically employed against migraine, such as
sumatriptan [36], counteract CSD. Therefore, it is tempting to speculate that peripheral
stimulation by heat exposure can lead the developing brain to a state of increased excitability
similar to the increase in brain excitability that is found in certain migraine cases.

Given that heat exposure effects on CSD might be due to an increase in cortical excitability,
it is important to discuss the mechanisms underlying this increase in the cortical excitability. One
possible explanation is that environmental heat exposure could have changed cortical synaptic
effectiveness, and this could have increased CSD propagation by a kind of a potentiation effect.
Such a potentiation effect has been demonstrated in vivo, in the frog optic tectum [20] and in the
rat spinal cord [14], respectively, after induction of CSD, suggesting a CSD-associated facilitation
of synaptic transmission. If one assumes that neuronal activity can be changed by peripheral heat
stimulation, then it is reasonable to consider that this can ultimately alter glial cells. Of note,
reactive glial changes have been reported, in association to the reorganization of synaptic
functioning that constitutes a response to certain patterns of neuronal activity [51].

Another important aspect of the present study was the long-lasting effect of heat exposure

on CSD propagation. The effect lasted until 90 days of life and may have lasted more if animals
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had been followed for longer time. If any compensatory mechanism had been activated during this
post-heat exposure period, it was not sufficient to decrease the CSD velocities to the control
levels. This long-lasting effect of environmental heating may provide useful cues into the
biological mechanisms to explain long lasting behavioral and clinical effects of temperature
stimulation in febrile seizures [9, 22].

Nutritional status deficiencies early-in-life can be demonstrated by a very easily obtained
indicator, the measurement of the body weight [37, 47]. In the present study, we could conclude
that the maternal deficient diet (RBD) was effective in producing malnutrition in the pups, as
judged by their reduced body weights, as compared to the well-nourished animals. When the
nutritional deficiency occurs during the “brain growth spurt period”, malnutrition-induced body
weight reduction usually is accompanied by decrease in brain weight [37]. In line with these
authors, the present study also revealed a brain weight decrease in the malnourished animals,
when compared with the corresponding well-nourished ones. Morphological studies indicate that
such malnutrition-related brain weight reduction probably results from the reduced number and/or
size of cell elements, as well as from alterations in the events that cause neuronal maturation.
Processes like myelination, synapse formation and development of dendrites and of glial cells are
reduced when the developing organism is affected by early-malnutrition [37, 38, 42]. We
speculate that such nutrition-dependent developmental changes in brain structure could be
involved, at least in part, in the presently demonstrated CSD effects of malnutrition.

Several authors have demonstrated that in the malnourished and in the overnourished rat,
CSD propagation is respectively increased and decreased, in comparison to the normally
nourished controls [8, 18, 44]. The facilitating action of malnutrition on CSD has been confirmed
in the present study, as indexed by the CSD velocities in the control-temperature condition, which
were higher in the malnourished group, as compared to the corresponding well-nourished one (see
Figure 2, panels C and D). As commented above, early malnutrition also affects glial function and

myelination [37]. It has been proposed that glia can play a role in promoting the interaction
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between neurons and so, it could contribute to synaptic development, as well as to the CSD,
whose most essential constituent would be a slowly propagating, regenerative event in the
neuroglia compartment [34]. As previously postulated, glia-dependent physiological processes
[28] and nutrition-dependent myelination alterations [8] could have played a role in the presently
described CSD facilitation in the malnourished condition, as compared to the corresponding CSD
values for the well-nourished animals.

In summary, our study showed that peripheral sensory stimulation through environmental
heat exposure can facilitate CSD propagation and this effect is long lasting, if not permanent, and
is not appreciably influenced by early malnutrition. Further physiopathological implications of
such results remain to be clarified, but it is tempting to postulate that it may be important to
support the clinical management of pathological conditions that might be triggered by heating

stimulation such as what happens in febrile seizures in children.

Acknowledgments: The authors thak the finantial support from the Brazilian Agencies
CAPES, CNPg, UFPE, FINEP/IBN-Net. RCAG is research fellow from CNPqg (No.

302565/2007-8).



-29 -

References

[1] A Amancio-dos-Santos, PCF Pinheiro, DSC Lima, MG Ozias, MB Oliveira, NX
Guimardes, RCA Guedes, Fluoxetine inhibits cortical spreading depression in weaned
and adult rats suckled under favorable and unfavorable lactation conditions, Exp.
Neurol. 200 (2006) 275-282.

[2] F Brighina, A Piazza, O Daniele, B Fierro, Modulation of visual cortical excitability in
migraine with aura: effects of 1 Hz repetitive transcranial magnetic stimulation, Exp.
Brain Res. 145 (2002) 177-181.

[3] A Carughi, KJ Carpenter, MC Diamond, Effect of environmental enrichment during
nutritional rehabilitation on body growth, blood parameters and cerebral cortical
development of rats, J. Nutr. 119 (1989) 2005-2016.

[4] K Chen, TZ Baram, | Soltesz, Febrile seizures in the developing brain result in persistent
modification of neuronal excitability in limbic circuits, Nature Medicine 5 (1999) 888-
894.

[5] JH Chen, J Liang, GB Wang, JS Han, CL Cui, Repeated 2 Hz peripheral electrical
stimulations suppress morphine-induced CPP and improve spatial memory ability in
rats, Exp. Neurol. 194 (2005) 550-556.

[6] RRG Costa-Cruz, A Amancio-dos-Santos, RCA Guedes, Characterization of cortical
spreading depression in adult well-nourished and malnourished rats submitted to the
association of pilocarpine-induced epilepsy plus streptozotocin-induced hyperglycemia,
Neurosci. Lett. 401 (2006) 271-275.

[7] RRG Costa-Cruz, RCA Guedes, Cortical spreading depression during streptozotocin-
induced hyperglycaemia in nutritionally normal and early-malnourished rats, Neurosci.

Lett. 303 (2001) 177-180.



-30 -

[8] B De Luca, LA Cioffi, J Bures, Cortical and caudate spreading depression as an indicator
of neural changes induced by early malnutrition in rats, Activ. Nerv. Sup. 19 (1977)
130-131.

[9] CM Dubé, AL Brewster, C Richichi, Q Zha, TZ Baram, Fever, febrile seizures and
epilepsy, Trends in Neurosci. 30 (2007) 490-496.

[L0]RC Farias-Santos, MCA Lira, LL Aradjo, DES Pereira, RCA Guedes, Spreading
depression propagation in adult rats submitted early in life to hyperthermia episodes, In:
41st Congress of the Brazilian Physiological Society, Ribeirdo Preto, 2006, p. 276.

[11] C Fraser, M Power, S Hamdy, J Rothwell, D Hobday, | Hollander, P Tyrell, A Hobson, S
Williams, D Thompson, Driving Plasticity in human adult motor cortex is associated
with improved motor function after brain injury, Neuron 34 (2002) 831-840.

[12] F Fregni, D Liebetanz, KK Monte-Silva, MB Oliveira, A Amancio-dos-Santos, MA
Nitsche, A Pascual-Leone, RCA Guedes, Effects of transcranial direct current
stimulation coupled with repetitive electrical stimulation on cortical spreading
depression, Exp. Neurol. 204 (2007) 462-466.

[13] NA Gorelova, VI Koroleva, T Amemori, V Pavlik, J Burés, Ketamine blockade of
cortical spreading depression in rats, Electroencephalogr Clin Neurophysiol. 66 (1987)
440-447.

[14] A Gorji, PK Zahn, EM Pogatzki, EJ Speckmann, Spinal and cortical spreading
depression enhance spinal cord activity, Neurobiol. Dis. 15 (2004) 70-79.

[15] SM Grantham-McGregor, CA Powell, SP Walker, JH Himes, Nutritional
supplementation, psychosocial stimulation, and mental development of stunted children:
the Jamaican study, The Lancet 338 (1991) 1-5.

[16] RCA Guedes, Electrophysiological Methods: Application in Nutritional Neuroscience.
In: H Liebermann, R Kanarek, C Prasad (Eds.), Nutr. Neurosciences: Overview of an

emerging field, CRC Press, New York, 2005, pp. 39-54.



-31-

[17] RCA Guedes, A Amancio-dos-Santos, R Manhdes-de-Castro, RRG Costa-Cruz,
Citalopram has an antagonistic action on cortical spreading depression in well-nourished
and early-malnourished adult rats, Nutr. Neurosci. 5 (2002) 115-123.

[18] RCA Guedes, AFD Andrade, JE Cabral-Filho, Propagation of cortical spreading
depression in malnourished rats: facilitatory effects of dietary protein deficiency, Braz.
J. Med. Biol. Res. 20 (1987) 639-642.

[19] RCA Guedes, EA Cavalheiro, Blockade of spreading depression in chronic epileptic rats:
reversion by diazepam, Epilepsy Res. 27 (1997) 33-40.

[20] RCA Guedes, K Tsurudome, N Matsumoto, Spreading depression in vivo potentiates
electrically-driven responses in frog optic tectum, Brain Res. 1036 (2005) 109-114.

[21] RCA Guedes, CAC Vasconcelos, Sleep deprivation enhances in adult rats the
antagonistic effects of pilocarpine on cortical spreading depression: a dose-response
study, Neurosci. Lett. 442 (2008) 118-122.

[22] EA Herrgard, M Karvonen, L Luoma, P Saavalainen, S Méatta, E Laukkanen, J Partanen,
Increased number of febrile seizures in children born very preterm: relation of neonatal,
febrile and epileptic seizures and neurological dysfunction to seizure outcome at 16
years of age, Seizure 15 (2006) 590-597.

[23] DC Hesdorffer, WA Hauser, Febrile seizures and the risk for epilepsy, In: TZ Baram, S
Shinnar (Eds.), Febrile Seizures, Academic Press, San Diego 2002, pp. 63-76.

[24] FU Knudsen, Febrile seizures—treatment and outcome, Brain Dev. 18 (1996) 438-449.

[25] W Kolfen, K Pehle, S Konig, Is the long-term outcome of children following febrile
convulsions favorable? Dev. Med. Child Neurol. 40 (1998) 667—671.

[26] RP Kraig, C Nicholson, Extracellular ionic variations during spreading depression,

Neuroscience 3 (1978) 1045-59.



-32-

[27] E Lang, M Kaltenhauser, B Neundorfer, S Seidler, Hyperexcitability of the primary
somatosensory cortex in migraine — a magnetoencephalographic study, Brain 127 (2004)
2459-24609.

[28] C Largo, JM Ibarz, O Herreras, Effects of the gliotoxin fluorocitrate on spreading
depression and glial membrane potential in rat brain in situ, J. Neurophysiol. 78 (1997)
295-307.

[29] M Lauritzen, Cerebral blood flow in migraine and cortical spreading depression, Acta
Neurol. Scand. Suppl. 113 (1987) 1-40.

[30] M. Lauritzen, Pathophysiology of the migraine aura. The spreading depression theory,
Brain 117 (1994) 199-210.

[31] Ledo, A.A.P. Spreading depression of activity in the cerebral cortex. Journal of
Neurophysiology 7:359-390. (1944)

[32] AAP Ledo, Further observations on the spreading depression of activity in cerebral
cortex, J. Neurophysiol. 10 (1947) 409-414.

[33] A.AP. Ledo, Spreading depression, in: DP Purpura, K Penry, DB Tower, DM
Woodbury, RD Walter (Eds.), Experimental Models of Epilepsy, Raven Press, New
York, 1972, pp. 173-195.

[34] DH Leibowitz, The glial spike theory. I. On an active role of neuroglia in spreading
depression and migraine. Proc. R. Soc. Lond. B Biol. Sci. 250 (1992) 287-295.

[35] MT Liebregts, RS McLachlan, LS Leung, Hyperthermia induces age-dependent changes
in rat hippocampal excitability, Ann. Neurol. 52 (2002) 318-326.

[36] PA Maranhdo-Filho, H Martins-Ferreira, MB Vincent, LJ Ribeiro, SA Novis,
Sumatriptan blocks spreading depression in isolated chick retina, Cephalalgia. (1997)

17:822-825.



-33-

[37] PJ Morgane, M Miller, T Kemper, W Stern, W Forbes, R Hall, J Bronzino, J Kissane, E
Hawrylewicz, O Resnick, The effects of protein malnutrition on the developing central
nervous system in the rat, Neurosci. Biobehav. Rev. 2 (1978) 137-230.

[38] PJ Morgane RJ Austin-LaFrance, J Bronzino, J Tonkiss, S Diaz-Cintra, L Cintra, T
Kemper, JR Galler, Prenatal malnutrition and development of the brain, Neurosci.
Biobehav. Rev. 17 (1993) 91-128.

[39] G Palencia, M Calvillo, J Sotelo, Chronic malnutrition caused by a corn-based diet
lowers the threshold for pentylenetetrazol-induced seizures in rats, Epilepsia. 37 (1996)
583-586.

[40] AA Parsons, Cortical spreading depression: its role in migraine pathogenesis and possible
therapeutic intervention strategies, Curr. Pain Headache Rep. 8 (2004) 410-416.

[41] JM Phillips, C Nicholson, Anion permeability in spreading depression investigated with
ion-sensitive microelectrodes, Brain Res. 173 (1979) 567-571.

[42] CW Picanco-Diniz, MS Aratjo, JMC Borba, RCA Guedes, NADPH-diaphorase
containing neurons and biocytin-labelled axon terminals in the visual cortex of adult rats
malnourished during development, Nutr. Neurosci. 1 (1998) 35-48.

[43] MJ Renner, MR Rosenzweig (Eds.), Enriched and impoverished environments. Effects
on brain and behavior, Springer, New York, 1987, 134 pp.

[44] AP Rocha-de-Melo, JB Cavalcanti, AS Barros, RCA Guedes, Manipulation of rat litter
size during suckling influences cortical spreading depression after weaning and at
adulthood, Nutr. Neurosci. 9 (2006) 155-160.

[45] MA Rogawski, W Loscher, The neurobiology of antiepileptic drugs for the treatment of
nonepileptic conditions, Nature Med. 10 (2004) 685-692.

[46] S Shinnar, TA Glauser, Febrile seizures, J. Child. Neurol. 17 (2002) S44-S52.

[47] NR Teodosio, ES Lago, SAM Romani, RCA Guedes, A regional basic diet from

Northeast Brazil as a dietary model of experimental malnutrition, Archiv. Latinoam.



-34 -

Nutr. 40 (1990)533-547.

[48] E Trinka, J Unterrainer, E Haberlandt, G Luef, | Unterberger, U Niedermuller, B Haffner,
G Bauer, Childhood febrile convulsions—which factors determine the subsequent
epilepsy syndrome? A retrospective study, Epilepsy Res 50 (2002), pp. 283-292.

[49] CAC Vasconcelos, JAF Oliveira, LAO Costa, RCA Guedes, Malnutrition and REM-
sleep deprivation modulate in rats the impairment of spreading depression by a single
sub-convulsing dose of pilocarpine, Nutr. Neurosci. 7 (2004) 163-170.

[50] JA Villarreal, WM Schlegel, HD Prange, Thermal environment affects morphological
and behavioral development of Rattus norvegicus, Physiol. Behav. 91 (2007) 26-35.
[51]CL Wilson, M Isokawa, TL Babb, PH Crandall, Functional connections in the human

temporal lobe. I. Analysis of limbic system pathways using neuronal responses evoked
by electrical stimulation, Exp. Brain Res. 82 (1990) 279-292.
[52] J Wu, RS Fisher, Hyperthermic spreading depressions in the immature rat hippocampal

slice, J. Neurophysiol. 84 (2000) 1355-1360.



-35-

Body weight

330
(9)
220
110 -
10 25 45 90 (d)
% Wet-brain weight
(9) [
L
- C -
0 Well-nouh Malnourished
0.5 Dry-brain weight
e * *
(9)
C |H C |H
9 Well-nourished Malnourished

Figure 1 — Body and brain weights of well-nourished (W) and early-malnourished (M) rats
submitted from postnatal day 10 to 29 to 15 episodes of heat exposure (H; 40+2°C). Control rats
(C) remained at the normal environment temperature (23+2°C). Data are expressed as
meants.e.m. Both wet- and dry brain weights are from 90 days old rats. Asterisks indicate
malnourished values that are significantly lower than the corresponding well-nourished group
(P<0.05; ANOVA plus Tukey test).
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Figure 2 — A and B, electrophysiological recordings of spontaneous cortical activity (ECoG) -
(E) and slow potential change (P) during cortical spreading depression (CSD) in two young (30
days old; panel A) and two adult (90 days old; panel B) rats. At each age are shown one control
and one animal previously submitted during lactation to 15 heat exposure episodes from postnatal
day 10 to 29. CSD was elicited by applying 2% KCI for 1 min on the right frontal cortex (see inset
at center). The horizontal bars in the upper traces indicate the time (1 min) of KCI stimulation to
elicit the CSD. Vertical bars represent -10mV for (P) and -1mV for (E). Numbers 1 and 2 at the
inset indicate the recording points, from which the traces marked with the same numbers were
obtained. Inset also shows the position on of reference electrode (R), on the nasal bones. C and D,
mean+s.e.m. CSD velocities in the groups recorded at 30 days (panel C) and at 90 days (panel D).
The # symbol indicates that all malnourished groups are different (P<0.05) from the
corresponding control groups. Asterisks indicate that the heat-exposed groups (H) are
significantly different (P<0.05) from the corresponding control (C) groups.
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IV. CONCLUSOES

A hipertermia ambiental durante o periodo de aleitamento facilita a propaga¢do da DAC
de ratos jovens e adultos, como julgado pelas suas velocidades mais altas, sugerindo que o0s
episddios de aquecimento ambiental durante o desenvolvimento cerebral afetaram a
susceptibilidade cortical a DAC.

A facilitacdo da propagacdo da DAC, induzida pela hipertermia ambiental em ratos
desnutridos, foi similar aquela previamente observada em animais nutridos. Indicando que a
desnutricdo precoce ndo influencia esse efeito sobre a DAC.

Nosso estudo mostrou que o efeito facilitador da hipertermia ambiental sobre a DAC é
duradouro, se ndo permanente, e ndo é apreciavelmente influenciado pela desnutri¢do.

Muitas implicagBes fisiopatoldgicas de tais resultados permanecem a ser esclarecidas, mas
¢ tentador postular que esses achados podem ser importantes para auxiliar no tratamento clinico
de condicBes patoldgicas que podem ser desencadeadas pela estimulagdo por aquecimento tal

como acontece em convulsdes febris em criangas.
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VI. ANEXOS

VI. 1 PRIMEIRO RESUMO PUBLICADO EM ANAIS DE CONGRESSO

EVENTO: 41°" CONGRESS OF THE BRAZILIAN PHYSIOLOGY SOCIETY & JOINT
MEETING WITH THE PHYSIOLOGICAL SOCIETY, 2006, RIBEIRAO PRETO /SP
SPREADING DEPRESSION PROPAGATION IN ADULT RATS SUBMITTED EARLY
IN LIFE TO HYPERTHERMIA EPISODES.

Santos, RCF; Lira, MCA; Araljo, LL; Pereira, DES; Guedes, RCA

Dept of Nutrition, Federal Univ.of Pernambuco State, Recife, PE, Brazil.

Introduction: Spreading depression (SD) is a neural response that has been related to neural
excitability changes and to phatologies like epilepsy and migraine. Hyperthermia in developing
children and animals can alter brain electrical activity, leading to seizures. In vitro, hyperthermia
elicits SD (Wu, J. Neurophysiol. 84: 1355-1360, 2000). Here we characterized SD in the cerebral
cortex of adult rats submitted during lactation to hyperthermia episodes. Methods: Wistar
suckling rats (n=9) were submitted to a 40£2°C environment (15 daily sessions; 5d per week).
When the pups became adults (90-120 d), they were anesthetized (urethane+chloralose;
1,000+40mg/kg ip) and EcoG- plus slow potential changes accompanying SD were recorded on 2
parietal points for 4h. Results: Early hyperthermia resulted, in adulthood, to higher SD
propagation velocities (P<0.05), as compared to control rats (n=11) submitted to similar sessions
at room temperature (25+2°C). Mean SD-velocities (in mm/min) ranged from 3.64+0.19 to
3.99+0.44 (experimental group) and from 3.28+0.05 to 3.33+£0.09 (control group). Body- and
brain weights were not affected by the early treatment. Discussion and conclusions: A
hypertermia-induced SD propagation facilitation is suggested, as judged by SD velocity
enhancement. This effect was qualitatively similar to that previously observed in vitro (see
Introduction), suggesting common mechanisms in both conditions. Hyperthermia during suckling
is sufficient to lastingly alter SD-susceptibility in the adult rat brain.

Finantial support: CNPq, Capes.
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VI. 2 SEGUNDO RESUMO PUBLICADO EM ANAIS DE CONGRESSO

Evento: Il Simpdsio do Instituto Internacional de Neurociéncias de Natal IINN
23 a 25 de Fevereiro de 2007. Natal/Brasil

EXPOSURE TO ENVIRONMENTAL HYPERTHERMIA EARLY IN LIFE LASTINGLY
FACILITATES CORTICAL SPREADING DEPRESSION IN  PREVIOUSLY
MALNOURISHED ADULT RATS.

Santos, R.C.F.; Aradjo, L.L.; Lira, M.C.A.; Pereira, D.S.; S4, |.R.; Pimentel, M.R.F. Guedes,
R.C.A.
Dept. of Nutrition, Federal Univ.of Pernambuco State, 50670-901, Recife, PE, Brasil.

Cortical spreading depression (CSD) is a neural response related to neural excitability changes
and to pathologies like epilepsy and migraine. Exposure to a heated environment can alter the
neural excitability, changing the brain electrophysiological features. We have previously
demonstrated in rats that 1) CSD is facilitated by early malnutrition and 2) by hyperthermia
exposure during lactation. However, the CSD-effects of the association of these two conditions
have not been investigated. Here we have extended our previous observations, by analyzing
CSD features in adult rats previously submitted to the association between hyperthermia and
malnutrition. Wistar rat pups, suckled by mothers fed the “regional basic diet” (RBD, with 8%
of protein, instead of 23%, as in the control diet), were placed, during the suckling period, in a
hot environment (40£2°C; 15 daily sessions; 5 per week). When the pups became adults (90-120
d), they were anesthetized (urethane+chloralose; 1,000+40mg/kg ip) and the ECoG- plus the
slow potential changes accompanying SD were recorded on 2 parietal points for 4h. Early
hyperthermia was associated, in adulthood, to higher SD propagation velocities (mean SD-
velocities, in mm/min per recording hour ranging from 4.68+0.34 to 5.06+0.43; n=16), as
compared to control rats (from 4.08+0.18 to 4.24+0.22; n=14) submitted to similar sessions at
room temperature (25+2°C). Body- and brain weights were not affected by the early
hyperthermia treatment. The results, suggesting a hyperthermia-induced SD propagation
facilitation, are similar to those observed in well-nourished animals, indicating that early
malnutrition did not influence the effect of hyperthermia on SD. Finantial support: CNPq,
Capes.
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Evento: | Congresso Ibro/Larc de Neurociéncias da América Latina, Caribe
e Peninsula Ibérica — Buzios/RG_Brasil

EXPOSURE OF DEVELOPING RATS TO ENVIRONMENTAL
HYPERTHERMIA FACILITATES THE PROPAGATION OF CORTICAL
SPREADING DEPRESSION.

Farias-Santos, R. C.; Gomes, K. B. A; Queiroz, P. M. A; Guedes, R. C. A.
Dept. of Nutrition, Federal Univ.of Pernambuco State, 50670-901, Recife, PE, Brasil.

Aims: Cortical spreading depression (CSD) is a brain response related to neural
excitability changes and to diseases like epilepsy and migraine. Exposure to a
warm environment can alter the neural excitability, changing brain
eletrophysiological features, which may be relevant to epilepsy genesis. Here we
investigated the effects, on brain CSD susceptibility, of exposing developing rats
to a warm environment.

Methods: Wistar suckling rats (n=6), suckled by mothers fed a commercial diet
with 23% protein, were submitted from day 10 st to 29 st day of life to 15 daily
sessions (5 sessions per week during 3 weeks) of a warm environment (40+2°C),
for 15, 20 and 30 min (in the 1st, 2nd and 3rd week, respectively). At 30-40 d of
life, they were anesthetized (urethane+chloralose; 1,000+40mg/kg ip) and the
ECoG plus slow potential change accompanying CSD were recorded on 2 parietal
points for 4h.

Results: Early environmental hyperthermia resulted in higher CSD propagation
velocities (P<0.05), as compared to control rats (n=6) submitted to similar
sessions at room temperature (25+2°C). Mean CSDvelocities (in nm/min) ranged
from 4.08+0.14 to 4.28+0.18 (experimental group) and from 3.74+0.16 to
3.75%0.16 (control group).

Conclusion: Environmental Hyperthermia during the suckling period facilitates
CSD propagation in the brain of young weaned rats, as judged by its high
velocities, suggesting that the warming episodes occurring during brain
development effected cortical susceptibility to CSD. The possible relationship
with brain alterations due to febrile seizures in children justify further
investigation.



Parecer do comité de Etica em Experimentacdo Animal

Universidade Federal de Pernambuco
Centro de Ciéncias Biologicas

Oficio n°® 62/05 Recife, 26 de dezembro de 2005

Da Comisséo de Etica em Experimentagdo Animal (CEEA) da UFPE
Para: Prof. Rubem Carlos Araujo Guedes
Departamento de Nutricdo - UFPE

Os membros da Comisséo de Etica em Experimentacdo Animal do Centro de Ciéncias
Biolégicas da Universidade Federal de Pernambuco (CEEA-UFPE) avaliaram seu projeto de
pesquisa intitulado “Caracterizagdo da depressdo alastrante cortical em ratos adultos
previamente submetidos, no aleitamento, a associagéo entre hipertermia e desnutrigdo”.

Concluimos que os procedimentos descritos para a utilizagdo experimental dos animais
encontram-se de acordo com as normas sugeridas pelo Colégio Brasileiro para
Experimentacéo Animal e com as normas internacionais estabelecidas pelo National Institute of
Health Guide for Care and Use of Laboratory Animals as quais sdo adotadas como critérios de
avaliacéo e julgamento pela CEEA-UFPE.

Encontra-se de acordo com as normas vigentes no Brasil, especialmente a Lei 9.605 —
art. 32 e Decreto 3.179-art 17, de 21/09/1999, que trata da questéo do uso de animais para fins
cientificos.

Diante do exposto, emitimos parecer favoravel aos protocolos experimentais

realizados.

Atenciosamente,

< Ci
rof, Silene Cameiro do Nascimento
Presidente CEEA

UFPE

CCB: Integrar para desenvolver
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