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RESUMO

O Acido Ascorbico (AA) é uma molécula antioxidante, muito concentrada no cérebro e que
pode provocar tanto efeitos anticonvulsivantes quanto proconvulsivantes em diferentes
modelos de epilepsia experimental. Neste trabalho nds exploramos se a administracdo
crénica de AA altera a excitabilidade neural avaliada pela Depressdo Alastrante Cortical
(DAC). Ratos Nutridos (N) e Desnutridos (D) foram tratados por gavagem com 60
mg/kg/dia de &cido L-ascérbico do 7° ao 28° dia pos-natal e a DAC foi analisada entre os
30-40 dias de vida. Comparados ao grupo N, os ratos D apresentaram maiores (p<0.05)
velocidades de propagacdo da DAC, confirmando achados anteriores. Comparados aos
controles tratados com solucdo salina (Sal), os ratos tratados com AA tiveram maiores
velocidades (p<0.05) de propagacdo da DAC nas condicdes N e D. Um outro grupo
controle “ingénuo” (I; que ndo recebeu gavagem) ndo diferiu do controle Sal. A médiatDP
da velocidade de propagacdo da DAC (em mm/min) para os grupos Sal, AA e | foram,
respectivamente 3.75+0.03, 4.26+0.08 e 3.81+0.04 para os animais N e 4.29+0.08,
4.51+0.04 e 4.30£0.04 para os animais D. Os resultados demonstraram uma facilitacdo da
DAC pelo AA, independentemente do estado nutricional. Eles ainda sugerem que em doses
de 60 mg/Kg/dia administradas cronicamente durante o desenvolvimento cerebral, 0 AA
parece atuar como um pré-oxidante no cérebro, em vistas ao efeito contrario, em

comparagdo com outros antioxidantes, que reduzem a propagacao da DAC.

Palavras-chaves: Desenvolvimento cerebral; Desnutricdo; Acido ascérbico; Depressdo

alastrante cortical; Antioxidantes; Pré-oxidantes.



ABSTRACT

Ascorbic acid (AA) is an antioxidant molecule that is highly concentrated in the brain and
can exert both anticonvulsant and proconvulsant effects in distinct models of experimental
seizures. Herein, we explore the question of whether AA chronic administration alters
cortical excitability as indexed by the cortical spreading depression (CSD). Well-nourished
(W) and malnourished (M) rats were treated, by gavage, with 60 mg/kg/day of L-ascorbic
acid from postnatal days 7-28, and CSD propagation was analyzed at 30-40 days.
Compared to the W groups, M rats presented higher (p<0.05) CSD velocities of
propagation, confirming previous reports. Compared to non-treated (‘naive’; Nv) and
saline-treated (Sal) controls, AA-treated rats displayed higher CSD velocities (p<0.05) in
the W and M conditions. The meantsd CSD velocities of propagation (in mm/min) for the
Sal, AA and Nv groups were respectively 3.75+0.03, 4.26+0.08 and 3.81+0.04 for the W
condition and 4.29+0.08, 4.51+0.04 and 4.30+0.04 for the M groups. The results
demonstrate a CSD-facilitation by AA regardless of nutritional status. They also suggest
that at the dose of 60 mg/Kg/day chronically administered during brain development, AA
may act as a prooxidant in brain, in view of the contrasting effect as compared with other

antioxidants, which reduce CSD propagation.

Keywords: Brain development; Malnutrition; Ascorbic Acid; Cortical spreading

depression, Antioxidants, Prooxidants.
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INTRODUCAO

O estado nutricional exerce um profundo impacto sob crescimento e
desenvolvimento do sistema nervoso central e de suas estruturas e fungdes (Schweigert et
al., 2009). No sistema nervoso embrionario, os processos de neurogénese, gliogénese e
migracdo neuronal sdo viabilizados pelos fendmenos da hiperplasia, hipertrofia e
mielinizacdo. Esses processos estdo intensificados no que se chama de “periodo de
crescimento rapido do cérebro” ou simplesmente o “periodo critico”. Essa fase acha-se
compreendida entre o terceiro trimestre gestacional e o segundo ano de vida, no homem, ou
durante o periodo de aleitamento, no rato (Fig. 1; Morgane et al.; 1993). Ela é considerada
critica para o perfeito desenvolvimento e funcionamento neuroldgico, sendo uma etapa de
grande vulnerabilidade a agressdes internas e/ou externas, a exemplo da nutricional

(Dobbing, 1968)
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Figura 01: Comparagdo entre as etapas de desenvolvimento do sistema nervoso no homem e no rato.

Adaptada de Morgane et al., 1993.
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Estudos classicos vém evidenciando que a desnutricdo, durante o periodo critico de
desenvolvimento provoca alteragdes bioquimicas, anatdmicas e fisiologicas no encéfalo
(Morgane et al., 1992; 1993; 2002). Isso tem sido evidenciado tanto em animais de
laboratério (Morgane et al., 1978; 1993; Chen et al., 1997) quanto em humanos (Nwuga,
1977; Granthan-McGregor, 1995; Levitsky e Strupp, 1995; Galler et al., 1998). Tais
alteracbes sdo refletidas em prejuizos cognitivos e comportamentais, repercutindo na
capacidade de memdria e motivacdo do individuo (Hack et al., 1991; Strupp e Levitsky,
1995; Ranade et al.; 2008). Sob dependéncia da intensidade e do tipo de desnutricdo
causados, os efeitos deletérios podem persistir por longo-prazo ou tornarem-se permanentes
(Guedes et al., 1996; Borba et al., 2000).

Reconhecida mundialmente como um importante problema de salde publica, a
desnutricdo infantil ainda atinge uma importante parcela da populagdo, seja ela
subdesenvolvida ou de primeiro mundo (De Onis et al., 2004). As conseqléncias desta
desnutricdo para o sistema nervoso vém sendo extensamente estudadas (Udani, 1992;
Odebode e Odebode, 2005; Benton, 2008), tendo-se evidenciado uma relacéo direta entre a
desnutricdo naquela etapa da vida e o risco para o desenvolvimento de doencas
neuroldgicas e psicologicas, tais como a esquizofrenia e epilepsia (Susser et al., 1996;
Hackett e lype, 2001; Diop et al., 2003)

Em vistas ao exposto, 0 impacto da desnutricdo nos diversos sistemas organicos
vem sendo estudado (Valadares e Almeida, 2005; Kar et al., 2008; Pereira-da-Silva et al.,
2009; De Frias et al., 2010). O uso de modelos experimentais que mimetizem a desnutricao,
como no caso do uso de dietas experimentais, € uma maneira eficiente para a realizacdo de

novas investigacdes que visem aprofundar o estudo da desnutricéo.
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A “Dieta Béasica Regional” (DBR) ¢ considerada um modelo experimental
importante para estudos sobre a desnutricdo humana, uma vez que foi desenvolvida com
base nos alimentos regionais consumidos pela populagdo do nordeste brasileiro na década
de 60, época em que a desnutri¢do, nesta regido, acometia boa parte de populacdo (Batista-
Filho, 1968; Teoddsio et al., 1990). Sua validade tem sido reiterada em diversos estudos
envolvendo os sistemas cardio-vascular (Monteiro et al., 2001), renal (Vieira-Filho et al.,
2009) e nervoso (Farias-Santos el al., 2009).

Condicdes experimentais relacionadas a desnutricdo e seus efeitos sob o sistema
nervoso central tem sido extensamente estudadas através do fendmeno da Depressao
Alastrante Cortical (DAC). Esse fendmeno foi descrito inicialmente no coelho por Leéo
(1944), que observou uma diminuicdo acentuada na atividade elétrica cerebral (espontanea
ou evocada) em resposta a estimulacdo elétrica, mecanica ou quimica em um ponto do
tecido cortical. A propagacdo da onda de depressdao da atividade eletroencefalografica
ocorre simultaneamente a uma variacao lenta de voltagem (VLV) tecidual. Essa propagacéo
se da de forma concéntrica e reversivel, a partir do ponto estimulado, numa velocidade
entre 2 e 5 mm/min, sendo sua laténcia de reversdo de 10 a 15min (Martins-Ferreira, 1983).

A Fig. 2 ilustra o fendmeno.
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Figura 02: A esquerda observa-se os eventos ocorridos durante a propagacio da DAC em seqiiéncia
temporal ciclica. R1 e R2 indicam pontos de registro. Um estimulo provocado (x) deu inicio ao
fendmeno (etapa 1) que se propaga de forma concéntrica (etapas 2-4). As areas escuras (etapas 2,
3 e 4) representam areas corticais na vigéncia do fendbmeno enquanto que as areas quadriculadas
(etapas 3 a 6) indicam o principio da recuperacdo tissular. As areas claras indicam o tecido
recuperado (etapas 5-6), o que também ocorre de forma concéntrica, retornando a condigao
inicial (etapa 1). A direita observa-se o eletrocorticograma (ECoG) e a variacdo lenta de voltagem
(VLV), esta dltima presente durante a DAC, quando o ECoG diminui sua amplitude. Tais
registros, obtidos em nosso laboratério foram feitos simultaneamente no pontos R1 e R2. Observe
a recuperacgdo do ECoG apds a passagem do fendmeno (Guedes et al., 2004).

Evidéncias experimentais indicam que o tecido nervoso apresenta naturalmente uma
resisténcia a passagem da DAC (Guedes e Do-Carmo, 1980), e que esta resisténcia pode
diminuir ou aumentar na vigéncia de alguns tratamentos, modificando assim a sua
velocidade de propagacdo (Abadie-Guedes et al., 2008). Diversas modificacbes de
condicBes sistémicas, a exemplo da desnutricdo, podem alterar a propagacdo da DAC
(Guedes, 1984; Guedes et al., 1987; Andrade et al., 1990; Guedes et al., 1992; Rocha-de-
Melo e Guedes, 1997). Tratamentos locais do tecido cortical podem também modificar a

sua propagacéo (Richter et al., 2005; Guedes et al, 1987; Amancio-dos-Santos et al., 2006).
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As Tabelas 01 e 02 apresentam diversas condices, j& estudadas, que podem dificultar ou

facilitar a propagacédo da DAC.

Tabela 01: Algumas condi¢6es que dificultam a propagacéo da DAC

Condicao experimental

Tratamento dietético com litio
Hiperglicemia

Anestésicos

Hipotireoidismo

Envelhecimento

Dieta hiperlipidica

Epilepsia cronica provocada pela pilocarpina
Estimulagdo ambiental

Ativacdo do Sistema Serotoninérgico
Estimulagdo Elétrica Cerebral direta e trans-
craniana

Condigdes favoraveis de aleitamento

Autor/Ano

Guedes et al., 1989

Ximenes-da-Silva e Guedes,1991; Costa-Cruz et al., 2006
Guedes e Barreto, 1992

Guedes e Pereira-da-Silva, 1993

Guedes et al., 1996

Paixdo et al., 2007

Guedes e Cavalheiro, 1997; Costa-Cruz et al., 2006
Santos-Monteiro et al., 2000

Guedes et al., 2002; Amancio-dos-Santos et al., 2006
Fregni et al., 2005; 2007

Rocha-de-Melo et al., 2006

Tabela 02: Algumas condic6es que facilitam a propagacao da DAC

Condicéo experimental

Reducéo do Cloreto extracelular
Privacéo do sono paradoxal
Diazepam

Etanol

Deficiéncia nutricional pela DBR
Hipertireoidismo

Hipoglicemia

Privacgdo sensorial

Arginina durante o desenvolvimento
Hipertermia ambiental

Glutamina durante o desenvolvimento
Uso de dipirona no inicio da vida

Autor/Ano

Guedes e Do Carmo, 1980
Vasconcelos et al, 2004
Guedes et al., 1992

Guedes e Frade, 1993; Bezerra et al, 2005
Rocha-de-Melo e Guedes,1997
Santos, 2000

Costa-Cruz e Guedes, 2001
Tendrio et al., 2009

Maia et al, 2009

Farias-Santos et al., 2009
Lima et al, 2009

Amaral et al., 2009

Importantes estudos (Guedes et al., 1996; El-Bacha et al., 1998) sugerem que a

baixa oferta dietética de substancias antioxidantes leve a producdo excessiva de radicais

livres no tecido cerebral. Isso € demonstrado pelo favorecimento da propagacdo da

Depressdo Alastrante Cortical (DAC). Estudos recentes, com o uso de carotendides,

incrementam essa hipétese (Bezerra et al., 2005; Abadie-Guedes et al., 2008).
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O é&cido ascorbico (AA) ou simplesmente vitamina C foi isolado primeiramente pelo
cientista hingaro Szent-Gyorgyi em 1928, durante experimentos com a glandula adrenal,
onde a vitamina encontra-se em niveis bastante elevados em relacdo a outros Orgaos.
Estudos posteriores evidenciaram que o cérebro também apresenta altos teores desta
vitamina. A concentracdo de vitamina ¢ em alguns Orgdos estd mostrada na Figura 03

(Schenk et al., 1982; Miele e Fillenz, 1996).

.

CEREBRO
2-10mM

o tl
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Fl’éAEO
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t!

€ADRENAL «—— PLASMA —, RBC ™

=
4-10 mM/ 40-60 pM <+ 40-60 uM

MUSCULO
0,4 mM

INTESTINO

Figura 03: Concentracdo de Vitamina C no plasma e em alguns 6rgdos (Harrison e May, 2009)

Estudos sobre o escorbuto, doenca caracterizada pela deficiéncia da vitamina C
(Lind, 1772) em porquinhos-da-india (Cavia porcellus), mostrou uma manutencio de 25%
do nivel de AA no tecido cerebral, diante de uma total deplecdo organica da vitamina

(Hughes et al., 1971). Esta evidéncia sugere a importancia vital do AA para o sistema
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nervoso (Arrigoni e De Tullio, 2002). Depleg¢bes nos niveis de dopamina e norepinefrina

(catecolaminas com biossintese dependente do AA) na vigéncia do escorbuto também

foram demonstradas (Hoehn e Kanfer, 1980)

Segundo Lane e Lawen (2009), o AA acumula-se no cérebro tanto através dos

transportadores de vitamina C dependentes de sédio (SVCT2), que transportam a vitamina,

em sua forma reduzida, para dentro do sistema nervoso central, quanto de transportadores

da familia GLUT, que transportam a forma oxidada do AA (&cido deidroascorbico; Figuras

4ebh)

OH

Radical livre ascorbil

T+1e-
v

OH

0 (IIHCHpH
e

0 0

-le-

Dehidroascorbato

Figura 04: Formas quimicas da Vitamina C (Corti et al., 2010)
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Figura 05: Transportadores de Vitamina C no sistema nervoso. Asc: Ascorbato; SVCT2: Transportador de
vitamina ¢ dependente de sddio 2; AFR: radical livre ascorbil, X-XH: Indica perda de um elétron; GLUT:

transportador de glicose; DHA: Acido dehidroascorbico. (Harrison e May, 2009)

A maioria dos mamiferos tém a capacidade de sintetizar o AA. Os primatas e as
cobaias s@0 uma excecdo, visto que ndo possuem a enzima L-gulonolactona oxidase, o que
impede a sintese hepatica do acido L-ascorbico a partir da D-glicose (Nishikimi et al.,
1994; Linster e Van Schaftingen, 2007). Esta impoténcia foi extremamente discutida pelo
renomado pesquisador Linus Pauling, defensor irredutivel do consumo diario de megadoses
de vitamina C (Ferreira, 2004). A crenca girava em torno da hipotese de que o acido
ascorbico atuava em quase todas as reacdes quimicas do organismo, sendo imprescindivel

em muitas delas.
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O AA tem funcdes plenamente reconhecidas como a de prevenir o escorbuto, a de
ser cofator enzimatico de diversas reacGes, como as de sintese de carnitina, aminoacidos,
catecolaminas, colesterol, e at¢é mesmo alguns horménios peptideos (Chatterjee et al.,
1975). Ele é essencial para a formacéo das fibras colagenas, além de atuar como um potente
antioxidante. Atua na defesa do organismo contra infecgdes, sendo eficaz na captacdo de
radicais livres e de espécies reativas de oxigénio, protegendo os lipidios e as lipoproteinas
de baixa densidade (LDL) de danos oxidativos (Pinnel et al., 1987; Retsky et al., 1993;
Martin e Frei, 1997).

No sistema nervoso, a vitamina C exerce tanto funcgdes antioxidantes, como né&o-
oxidantes. Dentre as fungfes antioxidantes, podemos ressaltar sua atuacdo como de
varredora de espécies reativas de oxigénio e nitrogénio, como o superdxido (Jackson et al.,
1998). Também tem papel fundamental na reciclagem do radical a-tocoferoxil, reduzindo-o
em o-tocoferol (vitamina E) na superficie da bi-camada lipidica das células (Niki et al.,
1995), sendo assim, também esté inteiramente ligada a prevencgdo da peroxidacgdo lipidica
(Seregi et al., 1978).

A neurotransmissdo é uma das atividades ndo antioxidantes exercidas pelo AA. A
vitamina tem sido apontada como neuromodulador nos processos de neurotransmisséo
mediada por glutamato, acetilcolina e dopamina (Kuo et al., 1979; Rebec e Pierce, 1994;
Rice, 2000). Os mecanismos, entretanto, ndo estdo plenamente esclarecidos, mas sabe-se
que em todas as suas fungdes, o AA atua como doador de elétrons (Harrison e May, 2009).

Um dos papeis mais importantes da vitamina C é sua atuacdo como cofator na
sintese de colageno, uma vez que este é essencial para os processos de mielinizacdo e
diferenciacéo das celulas de Schwann (Eldridge et al., 1987). Estudos recentes tém sugerido

acao importante do AA a nivel comportamental, em que ele tem sido identificado tanto
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como possivel mediador dos processos de aprendizagem e memoria (Shahidi el al., 2008),
quanto como agente restaurador dos danos de memoria provocados pela idade (Parle e
Dhingra, 2003).

E interessante a evidéncia de que o teor de AA no cérebro, ao final do periodo
gestacional, no rato, chega a duplicar (Kratzing e Kelly, 1982; Kratzing et al., 1985),
sugerindo sua atuacdo na diferenciacdo de células tronco-embrionéarias (Lee et al., 2000) e
no aumento da expressdo dos genes ligados a neurogénese, a maturacdo e a
neurotransmisséo (Shin et al., 2004).

Apesar das evidéncias da acdo benéfica do AA sob o sistema nervoso, a vitamina C
também tem sido descrita como prd-oxidante em certas condi¢Oes experimentais (in vivo e
in vitro), podendo induzir a morte celular (Sakagami e Satoh, 1997). Ha uma hipétese de
que a vitamina perderia sua capacidade antioxidante quando em altas concentragdes
(Young e Lowe, 2001).

Frente ao exposto, o presente trabalho se prop0s a estudar o efeito da suplementacéo
de AA no rato, durante o periodo do desenvolvimento cerebral, e constatar se esta
suplementacédo seria capaz de alterar o fendbmeno da DAC em ratos jovens (de 30-40 dias

de vida).
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OBJETIVOS

Geral

Avaliar os possiveis efeitos eletrofisioldgicos da administracdo oral de vitamina C sobre o

sistema nervoso em desenvolvimento, em diferentes condi¢Bes nutricionais.

Especificos

e Analisar em ratos jovens, com 30-40 dias de vida, os efeitos da
administracdo de vitamina C, durante o periodo de aleitamento, sobre o
fendmeno da Depressao Alastrante Cortical (DAC);

e Investigar se a desnutricdo durante o aleitamento influencia esse efeito,
comparando-se a propagacdo da DAC, nas condi¢cbes acima, com a

propagacdo em animais previamente desnutridos.
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Abstract

Ascorbic acid (AA) is an antioxidant molecule that is highly concentrated in the brain and
can exert both anticonvulsant and proconvulsant effects in distinct models of experimental
seizures. Herein, we explore the question of whether AA chronic administration alters
cortical excitability as indexed by the cortical spreading depression (CSD). Well-nourished
(W) and malnourished (M) rats were treated, by gavage, with 60 mg/kg/day of L-ascorbic
acid from postnatal days 7-28, and CSD propagation was analyzed at 30-40 days.
Compared to the W groups, M rats presented higher (p<0.05) CSD velocities of
propagation, confirming previous reports. Compared to non-treated (‘naive’; Nv) and
saline-treated (Sal) controls, AA-treated rats displayed higher CSD velocities (p<0.05) in
the W and M conditions. The mean+sd CSD velocities of propagation (in mm/min) for the
Sal, AA and Nv groups were respectively 3.75+0.03, 4.26+0.08 and 3.81+0.04 for the W
condition and 4.29+0.08, 4.51+0.04 and 4.30£0.04 for the M groups. The results
demonstrate a CSD-facilitation by AA regardless of nutritional status. They also suggest
that at the dose of 60 mg/Kg/day chronically administered during brain development, AA
may act as a prooxidant in brain, in view of the contrasting effect as compared with other

antioxidants, which reduce CSD propagation.

Keywords: Brain development; Malnutrition; Ascorbic Acid; Cortical spreading

depression; antioxidants; prooxidants
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Abbreviations

AA — Ascorbic acid

CSD - Cortical spreading depression
DC — direct current

ECoG — Electrocorticogram
EEG — electroencephalogram
I.p — intraperitoneal

M — Malnourished

Nv — Naive

RBD — Regional Basic Diet
Sal — Saline

SD — Standard Deviation

W — Well-nourished
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Introduction

The postulation that active oxygen free radicals participate in the mechanisms of
excitability-related brain disturbances [8, 35] certainly stimulated the use of antioxidants in
protecting the brain against excitability-induced damage [36]. Ascorbic acid (AA) is an
important antioxidant which acts as an enzyme cofactor and water-soluble reducing agent
[37]. Itis highly concentrated in the adrenal gland and central nervous system, [32]. It has
been suggested that AA may be important for brain development [52]. Under physiological
conditions, the important antioxidant action of AA can protect the brain against reactive
oxygen species and damage associated with neurodegenerative disorders such as
Alzheimer’s disease [22]. However, under certain conditions AA has also been shown to
exert biphasical modulating action on excitability-dependent brain phenomena [5, 39].

Cortical spreading depression (CSD) is an excitability-related neural phenomenon
that was first reported as a reduction of spontaneous electrical activity of the cerebral cortex
in response to mechanical, electrical or chemical stimulation of one point on the cortical
surface [26]. During CSD, cerebrovascular alterations [27, 25], as well as a slow negative
potential change [28] have been described. Also, water- and ion transmembrane flow occur
concomitantly with the EEG depression [24]. The brain susceptibility to CSD can be easily
estimated by measuring CSD velocity of propagation along the cortical tissue. CSD
changes have been previously demonstrated in rats under conditions of environmental,
pharmacological, and nutritional manipulations [1-3, 30].

Although the mechanisms underlying CSD are not yet fully clarified, several pieces
of evidence suggest the participation of ionic processes [17, 45], as well as

neurotransmitters [3] and the production of reactive oxygen species in the brain [13]. The
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brain is particularly vulnerable to oxidative lipid damage, because it has a high rate of
oxidative metabolism [5], and its constitution includes a high content of polyunsaturated
fatty acids. This is especially critical in the immature brain [9].

Malnutrition can cause structural, neurochemical and functional changes of organs
and tissues, especially in the nervous system, both in laboratory animals [10, 33, 34, 50]
and in humans [15, 16, 29]. It has been well established that early malnutrition [43], as well
as enteral administration of the amino acid L-arginine [14] and glutamine [30] increase
CSD propagation, but no information is available regarding systemic AA effects on CSD in
Vivo.

In the present work, we used electrophysiological recording of CSD, in order to
address the following two questions in the brain of weaned young rats, subjected to
malnutrition during lactation followed by nutritional recovery: (i) How does daily enteral
administration of AA during the brain development affect CSD propagation, and (ii) if so,
how would this effect be influenced by the previous brain nutritional condition. We were
able to demonstrate a facilitation effect of AA that is not appreciably modified by

malnutrition.
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Materials and methods

Animals

Wistar rats (n=65) from the colony of Departamento de Nutri¢cdo of Universidade
Federal de Pernambuco (Brazil) born from several dams were pooled at birth and then
randomly distributed to form litters with six pups per nurse and assigned to two nutritional
groups according to the mother’s dietary conditions: Well-nourished group (W, n=33),
suckled by dams fed a commercial laboratory chow diet (Purina do Brasil LTDA),
containing 23% protein, and Malnourished group (M, n=32), suckled by dams fed a
Regional Basic Diet (RBD), containing 7,87% protein, that mimics the low-income human
populations diet of Northeastern Brazil [48]. Both nutritional groups were subdivided in
three other groups according to the daily treatment during lactation days 7-28: (i) group sal
and (ii) group AA, receiving respectively, per gavage, saline and 60mg/kg/d AA (Sigma-
Aldrich), as previously described [5]; (iii) group “naive” (Nv) receiving no gavage. The
handling procedures involving the animals were in accordance with the Institution’s
guidelines, which comply with the “Principles of Laboratory Animal Care” (National
Institutes of Health, Bethesda, USA). Animals were reared in polypropylene cages (51 cm
X 35,5 cm X 18,5 cm) in a room maintained at 22+ 1°C with a 12h light/ 12h dark cycle

(lights on at 7:00 a.m.) with free access to water and food.

Surgical procedure
The surgical procedure was performed as previously described [1] with little
modification. Briefly, under anesthesia (1 gkg urethane plus 40 mgkg chloralose, i.p.)

three trephine holes with 2-3mm in diameter were made on the right side of the skull,
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parallel to the midline. The first hole (on the frontal bone) was used to apply the stimulus to
elicit CSD. The other two holes (on the parietal bone) were used to record the propagating
CSD wave. Rectal temperature was continuously monitored and maintained at 37 + 1°C by

a heating blanket.

CSD elicitation and recording

CSD was elicited at 20 min intervals by applying, for 1 min, a cotton ball (1-2 mm
diameter), soaked in 2% KCI solution (approximately 0.27 M) to the anterior hole drilled at
the frontal region. The electrocorticogram (ECoG) depression and the DC-potential change
typical of CSD were recorded simultaneously at the two parietal points on the cortical
surface by using a pair of Ag-AgCl agar-Ringer electrodes. A common reference electrode,
of the same type, was placed on the nasal bones. The velocity of CSD propagation was
calculated based on the time required for a CSD wave to cross the distance between the 2
recording electrodes. In the measurement of CSD velocities, the initial point of each DC
negative rising phase was used as the reference point. After finishing the recording session,
the animal, while anesthetized, was submitted to euthanasia by bulbar injury. This was
carried out by introducing a sharp needle into the cisterna magna, provoking immediate

cardio-respiratory arrest.

Statistics
CSD- propagation rates were compared between groups by ANOVA, followed by a
post-hoc (Tukey—Kramer) test when indicated. Differences were considered significant

when p<0.05. All values are presented in the text as means =+ standard deviations.
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Results

At the day of the CSD recording, animals of the M-groups presented lower (p<0.05)
body weights as compared with those of the W-groups. The meanzsd body weights (in g) in
the well-nourished and the malnourished animals were respectively 98.0 £+ 4.0 (group sal),
100.6 £5.5 (AA) and 84.3 £ 4.10 (Nv) for the well-nourished condition and 23.8 + 1.1
(Sal), 25.4 + 1.0 (AA) and 27.8 + 1.8 (Nv) for the malnourished groups. Data are presented

in Fig 1.
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Figure 1: Body weights (mean+SD) of well-nourished (W; white columns) and malnourished (M; gray
columns) Wistar rats treated per gavage from the 7™ to the 28" postnatal days with 60mg/Kg/day of
ascorbic acid (AA group) or saline (Sal group) or non treated (Naive; NV group). Body weights were
measured at postnatal day 32. Asterisks (*) indicate that all M values are significantly different from
the corresponding W values (p<0.05). The symbol # signifies that W rats treated with AA presented
higher body weight (p<0.05) as compared with the W-NV group.

In all groups, topical application of 2% KCI for 1 min at the frontal cortex
reproducibly elicited a single CSD wave, which propagated and was recorded at two points

in the parieto-occipital region of the stimulated hemisphere. Examples of CSD episodes in
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3 well-nourished and 3 malnourished rats (one Sal, one AA and one Nv animal from each
nutritional condition) can be seen in the ECoG- and DC-potential change recordings

presented in Fig 2.
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Figure 2: Electrophysiological recordings: ECoG (E) and slow potential change (P) recorded during cortical
spreading depression (CSD) in the right hemisphere of 30—40 days-old well-nourished and
malnourished rats which received per gavage, from the 7" to th 28" postnatal days, 60mg/Kg/day of
ascorbic acid (AA group) or saline (Sal group) or no gavage (Naive; NV group). The horizontal bars
(P1-trace) show the period (1 min) of stimulation with 2% KCI on frontal region of the right
hemisphere, to elicit CSD. The vertical bars correspond to 10 mV in P and 1 mV in ECoG (negative
upwards). The inset shows the place of KCI application and the recording positions 1 and 2, from
which the traces marked with the same numbers were obtained. The interelectrode distance was kept
constant for each animal (range: 2.8-5.9 mm).

AA
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The CSD propagation velocities are presented in Fig. 3. In well-nourished animals
the meanxsd CSD velocities were (in mm/min) 3.75 £ 0.03, 4.26 = 0.08 and 3.81 + 0.04 for
the Sal, AA and Nv groups, respectively. In the malnourished rats the CSD velocities were
4.29 +0.08, 4.51 + 0.04 and 4.30 £ 0.04 for the Sal, AA and NV groups, respectively.
ANOVA revealed a main effect of the nutrition condition and the Tukey test indicated that
CSD velocities were higher in the malnourished rats, as compared to the corresponding
well-nourished controls (p<0.05).

Independent of the nutritional status, a main effect of the gavage condition was also
detected. The Tukey test revealed that the treatment with AA significantly increased the
CSD propagation velocities (p<0.05), as compared with the two control groups (Nv and

Sal), which presented comparable CSD values (Fig 3).
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Figure 3: Propagation velocity of cortical spreading depression (CSD; mean + SEM) of Well-nourished (W)
and Malnourished (M) 30—40-day-old rats, which received, from the 7" to the 28™ postnatal days
60mg/Kg/day of ascorbic acid (AA group) or saline (Sal group) or non treated rats (Naive — NV
group). Asterisks indicate that the CSD velocities in the malnourished groups are significantly higher
(P<0.05) than their corresponding well-nourished groups. The symbol # shows that W and M rats
treated with AA presented higher CSD velocities (p<0.05) as compared with the corresponding NV
and Sal groups.
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Discussion

The present findings constitute the first description regarding the effects of systemic
application of AA on CSD in the developing rat brain. Data indicate an increase of CSD
susceptibility in both well-nourished (W) and malnourished (M) conditions, as shown by
the higher CSD velocities (Fig. 3), as compared to the saline- and naive controls. Our data
suggest that brain developmental changes are produced by early chronic AA administration
and this is causally associated, at least in part, with the facilitation of CSD propagation.
Such effect is unlikely to be caused by the stress associated to the gavage procedure, since
no effect was observed in the control groups that have been equally submitted to the
gavage. Interestingly, malnutrition did not seem to modulate it.

In the present study, malnutrition was indicated by the significantly lower body
weights in the M groups, when compared to their respective W controls. It confirms that
nutritional restriction by receiving the “regional basic diet” (RBD, with 8% protein) early in
life, is able to provoke malnutrition in the pups during the suckling period, as previously
reported [42]. Malnutrition is known to impair the organism’s development, with
repercussions on vital organs, including the brain. It may lead to a deficiency in processes
like synapse formation, dendritic development and myelination [33, 34, 40]. These
processes may be involved in the present facilitating CSD effects associated to
malnutrition, which are in accordance with previous reports demonstrating that malnutrition
facilitates CSD in the rat brain [4, 18, 30, 42, 43]. Alteration in the action of synaptic
neurotransmitters, increase in the brain cell packing density, and reduction in the brain
myelination are factors that have been postulated to be involved in the CSD facilitation in

the malnourished brain [11, 42]. Concerning the relationship between myelination and
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CSD, an inverse correlation has been recently demonstrated in animal models in which the
myelination pattern has been altered by means of genetic (hypermyelinated transgenic
animals), immunological (cortical hypomyelination produced by immunization against
myelin) and dietary approaches [31]. These authors have shown that the more myelinated
the cortex was, the lower the CSD velocity of propagation, and vice-versa, indicating a
dichotomous modulation of the myelin participation in the CSD effects. In overfed and
malnourished rats, a similar diet-dependent dichotomous modulation has also been found,
with CSD deceleration in overfed rats and acceleration in malnourished rats, as compared
to the well-nourished controls [43].

Early malnourished animals can present diminished [20, 51], equal [3, 20], or
enhanced [49] changes in brain CSD reaction in response to the administration of distinct
substances, such as, respectively, glucose and diazepam (diminished CSD responses in the
malnourished brain), citalopram and fluoxetine (equal CSD responses) and pilocarpine
(enhanced CSD responses). In the present study we found that early malnutrition did not
change the AA effect on CSD. Taken together, these findings collectively indicate that the
malnourished brain may have distinct responsiveness of the CSD to different
pharmacological agents. If this could be extrapolated, in the human species, to other neural
actions of distinct drugs, the possible clinical implication would be that one such drug
could have different effectiveness, as a function of the early nutritional status of the patient.
This possibility should be diligently investigated in the medical clinic.

Concerning the CSD-antioxidants relationship, previous studies demonstrated that the
production of reactive oxygen species can elicit CSD in the isolated chicken retina [38] and
in the rat cortex [13]. Also, the antioxidant astaxanthin impairs the chronic ethanol

facilitating effect on CSD propagation [1]. In contrast to that findings, in the present study
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animals treated with AA show an increase in CSD velocities. AA is a strong water soluble
reducing agent known to act normally as an antioxidant in vivo and in vitro [7]. It is
effective in scavenging free radicals including reactive oxygen species (ROS), protecting
the lipids from oxidation [41]. Antioxidant molecules are also important in protecting the
brain against free radicals, particularly in neurodegenerative diseases [47]. However, the in
vivo [5] as well as in vitro [23, 46] evidence suggest that, depending on the conditions
under which it is acting, AA can also have prooxidant action, and thus can cause
neurotoxicity. Furthermore, AA can exert both anticonvulsant and proconvulsant effects in
the brain [6, 39]. Both AA and its oxidized form, the dehidroascorbic acid are speculated as
being cell division regulators [12]. According to Halliwell [21] various non-radical
compounds including AA can produce reactive radical species in the presence of transition
metal ions in the brain. Based on the above reports, and also considering that in the present
study the daily AA treatment per gavage was long-lasting (22 days), it is tempting to
speculate that this body of evidence would constitute a possible explanation for our present
findings on CSD facilitation by AA. It is possible that, at the dose of 60 mg/Kg/day,
administered chronically during an intense period of neural development, as in the present
study, AA may act as prooxidant in the brain. The measurement of blood- and brain
reactive oxygen species levels, as well as treating developing rats with lower AA doses, or
treating already developed animals, shall confirm this hypothesis in future experiments.

In conclusion, our data have demonstrated, for the first time, that chronic AA
treatment of developing animals facilitates CSD propagation, and this effect is not
modulated by early malnutrition. These novel findings are consistent with the hypothesis
that, at the dose of 60 mg/k/d, AA can have a prooxidant effect, as previously postulated

[5].
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CONCLUSOES

A andlise dos resultados desta dissertacdo permite as seguintes conclusoes:

e A administracdo de acido ascorbico, durante o periodo critico do desenvolvimento
cerebral, na dose de 60 mg/Kg/dia, facilitou a DAC, a julgar pelo aumento na sua

velocidade de propagacéo;

e Esse efeito facilitador sobre a DAC ocorreu também no cérebro previamente

desnutrido, indicando que a desnutri¢do nao inibe tal efeito;

e O déficit ponderal apresentado pelos animais que receberam a Dieta Basica
Regional indica a eficacia da dieta em promover a desnutricdo energético-protéica,

confirmando estudos anteriores.
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PERSPECTIVAS

Como perspectiva de continuidade desta linha de pesquisa, sugere-se a investigacdo

das seguintes condicdes:

Efeito da administracdo de Acido Ascérbico em animais adultos, com o sistema

nervoso ja desenvolvido;

e Efeito da aplicago topica de Acido Ascorbico sobre o cortex cerebral;

e Efeito da suplementacéo de distintas dosagens de Acido Ascdrbico, com o propdsito

de constru¢do de uma “curva dose-resposta” da relacio Acido Ascoérbico X

Depressédo Alastrante Cortical;

e Correlacionar os efeitos eletrofisioldgicos com dosagens séricas e neuroquimicas de

AA.

e Testar a hipdtese de que a acdo do acido ascorbico na dose de 60mg/Kg/dia atua

como pro-oxidante.
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If you need to retrieve password details, please go to:

http://ees.elsevier.com/nsl/automail query.asp.

Your paper will be given a manuscript number shortly and you will then receive an e-mail

with this number for your reference.

Thank you for submitting your manuscript to Neuroscience Letters. Should you have any
questions, please feel free to contact our office.

Kind regards,
Neuroscience Letters

Email: nsl@elsevier.com
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