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RESUMO

A lectina Concanavalina A (ConA), obtida das sementes de Canavalia ensiformis, é
uma proteina que se liga especificamente & manose e glicose (e estruturas mais
complexas, como receptores celulares, que contenham residuos expostos desses
carboidratos). Essa lectina possui varias atividades bioldgicas, incluindo a modulagéo
de propriedades imunoldgicas e electrofisiologicos do cérebro. No presente estudo, foi
caracterizada a acdo da ConA sobre o fenbmeno dependente da excitabilidade cerebral
conhecido como Depressdo Alastrante Cortical (DAC); estudou-se também a
imunomarcagdo da microglia com um anticorpo policlonal contra a proteina Ibal
(lonized calcium binding adaptor molecule 1). Ratos Wistar machos (n = 89) foram
amamentados em condicGes favordveis ou desfavoraveis de lactacdo, representadas
respectivamente por ninhadas com 6-7 filhotes (grupo N6) ou 12-14 filhotes (grupos
N12). Do 5° ao 24° dia pos-natal, foram tratados por via intraperitoneal com 1 mg/kg ou
10 mg/kg de ConA (grupos L1 e L10, respectivamente), ou com solugédo salina NaCl
0,9% (grupo Sal), ou sem nenhum tratamento (grupo Ingénuo). Aos 90-120 dias de
idade, a DAC foi quimicamente induzida no cortex frontal e registrada em dois pontos
da regido parietal durante 4 h, e seus parametros de velocidade de propagacéo,
amplitude e duracdo das ondas foram mensurados. Apos o registro da DAC, os cérebros
foram perfundidos e fixados, seguidos de sec¢des cerebrais para reagdo com anticorpos
anti-lbal para quantificacdo da imunomarcacdo da microglia. Os grupos N12
apresentaram maior velocidade de propagacdo da DAC que os grupos N6. Em ambas as
condicBes de lactacdo, o tratamento sistémico com a ConA resultou em diminuicéo
significativa, dose-dependente, da velocidade de propagacdo da DAC (p < 0,05), em
comparagdo aos grupos controle (Salina e Ingénuo). A amplitude e duragdo do
componente negativo da variacdo lenta de voltagem da DAC permaneceram inalterados.
Em um grupo adicional de ratos adultos, a aplicacdo topica de ConA a superficie
cortical também reduziu reversivelmente a velocidade de propagacdo da DAC. A
imunorreatividade da microglia, avaliada no cortex e hipocampo, foi menor nos grupos
tratados com ConA, em comparacdo com 0s respectivos controles. O hemisfério
cerebral no qual a DAC foi repetidamente induzida apresentou maior imunorreatividade
em comparagdo com o hemisfério oposto, principalmente no cortex. Podemos concluir
que a atenuacdo na propagacdo da DAC e a diminuicdo da imunorreatividade na
microglia em ratos adultos em decorréncia da aplicacdo da lectina ConA (1 mg/kg e 10
mg/kg) durante o periodo de lactacdo (fase de grande plasticidade e neurogénese),
indicam que essa lectina pode influenciar o desenvolvimento cerebral com acéo
protetora duradoura no cérebro de ratos. Essa acdo ndo foi dificultada pela condicdo
desfavoravel de lactacdo. Desse modo, a lectina ConA apresentou-se como uma
proteina com potencial acdo protetora no cérebro, a julgar pelos efeitos sobre a DAC e
sobre a reagcdo microglial.

Palavras-chave: Lectina. ConA. Eletrofisiologia cerebral. Estado nutricional.
Microglia. Depressdo alastrante cortical. Imunomarcacéo Ibal.



ABSTRACT

The lectin concanavalin A (ConA) is a carbohydrate-binding protein extracted from a
leguminous, Canavalia ensiformis, with several biological activities, including the
modulation of immunological and electrophysiological properties of the brain. Here we
characterized, in the rat, the action of ConA on the brain excitability-dependent
phenomenon known as cortical spreading depression (CSD), and on microglia
immunolabeled with a polyclonal antibody against ionized calcium binding adapter
molecule 1 (Ibal). Male Wistar newborn rats (n = 89) were suckled under favorable or
unfavorable conditions, represented by litters with 6-7 pups or 12-14 pups (groups N6
and N12, respectively).From postnatal day 5 to 24, they were treated intraperitoneally
with 1 mg/kg or 10 mg/kg ConA (groups L1 and L10, respectively), or with saline
solution (group Sal), or no treatment (group Naive). At 90-120 days of age, CSD was
recorded at two parietal points for 4 h, and CSD parameters (velocity of propagation
and amplitude and duration of the DC slow potential change) were measured. Fixative
perfused brain sections were reacted with anti- Ibal antibodies to quantify
immunolabeled microglia. The velocity of propagation, amplitude, and duration of the
negative slow potential change of the CSD wave were calculated. Compared with the
control groups, systemic ConA treatment dose-dependently decreased the CSD
propagation velocity (p<0.05), with no effect on the amplitude and duration of the CSD
negative slow potential shift. In an additional group, topical application of ConA to the
cortical surface also reversibly reduced CSD propagation (p<0.05). Microglia IBA-1
immunoreactivity was lower in both nutritional groups treated with ConA, in
comparison with the control groups. The CSD-hemisphere presented with higher
immunoreactivity compared with the CSD-free hemisphere. Attenuation in CSD
propagation and microglia reaction was associated in adulthood with ConA treatment
during brain development, indicating that the lectin can affect the electrophysiological
and microglial development, and suggesting long-lasting protective action of the lectin
on the rat brain, which is not influenced by the unfavorable suckling condition.

Keywords: Lectin. ConA. Brain electrophysiology. Nutritional status. Microglia.
Spreading Depression. Ibal immunolabeling.



LISTA DE ILUSTRACOES

Figura 1: (a) Folhas e vagem com sementes da Canavalia ensiformis, das quais sao
extraidas a lectina ConA. A estrutura do mondmero da ConA (b), PDB 3CNA
(HARDMAN e AINSWORTH, 1972), e dos carboidratos manose (c) e glicose

Figura 2: Equilibrio quimico entre as formas tetraméricas e diméricas da ConA em
funcdo do pH. Em pH > 5.5, o tetrAmero € a estrutura quaternaria mais abundante,
enquanto que, em pH mais &cido (< 5.5), a estrutura dimérica sdo predominantes.
Ambas as formas apresentam a mesma afinidade por manose e glicose..........c.ccccvvenen. 20

Figura 3: Ciclo de eventos reversiveis que ocorrem durante a depressdo alastrante
cortical. Sequéncia de passos (A-F) que caracterizam da DAC no cortex cerebral de rato
(apenas um dos hemisférios cerebrais € mostrado). Em A, o tecido cortical é estimulado
no ponto marcado por um * e um episodio de DAC € originado nesse ponto. O circulo
cinza marcado em B mostra a area inicialmente deprimida, com consequente
propagacao concéntrica para outras areas do cortex (passos C e D). O circulo na cor
bege, mostrado em E, indica a area inicialmente recuperada apés a DAC. A recuperagdo
é um processo gradual que se estende para areas remotas (passo F) e finalmente o tecido
cortical retorna a condicdo inicial pré-DAC, como em A. A area em cinza-escuro
representa a refratariedade cortical apos a DAC, e antes da total recuperacdo. A direita é
mostrado o eletrocorticograma com a variacdo lenta de potencial da DAC. Os pontos
temporais correspondentes as condi¢cbes dos passos A-F sdo marcados no
eletrocorticograma com as respectivas letras.........cccooveveiieiecve e 23

Figura 4: Esquema do delineamento experimental completo. Ap6s 0 nascimento 0s
ratos foram amamentados em condi¢des favoraveis ou desfavoraveis de lactagéo,
representadas respectivamente por ninhadas com 6-7, ou 12-14 filhotes (grupos N-6 e
N-12). Do 5° ao 24° dia ap6s o nascimento, os ratos receberam injecdes diarias de
lectina ConA diluida em solucéo salina nas doses de 1 mg/kg (grupo L1) ou 10 mg/kg
(grupo L10). Dois grupos controles foram utilizados: um tratado apenas com o veiculo
(solucdo salina 0,9%; grupo Sal), e outro, grupo ingénuo (1), sem qualquer tratamento.
Do desmame (25° dia) até a data do registro da DAC (90-120 dias), ambos os grupos N6
e N12 receberam a mesma dieta, contendo 23% de proteina. Apds o registro da DAC, o0s
cérebros foram perfundidos, cortados e marcados imuno-histoquimicamente. Todos 0s
detalhes experimentais sdo apresentados nNas SeCOEs SEQUINTES.........ccvverververeerverennens 28



LISTA DE ABREVIATURAS E SIGLAS

AMPA ... alfa-amino-3-hidroxi-metilsoxazolepropionato
ANOVA......cooeeet e, Anélise de variancia

BB(buffer block)...........ccc...... Tampéo de blogueio

CAL ..o regido hipocampal denominada “cornus Amoni” 1
CONA.....ooi Lectina Concanavalina A

CONBI ..o Lectina da Canavalia brasiliensis

DAB......o oo 3,3'-diaminobenzidina

DAC......o e Depressao alastrante cortical

ECOG....co i Eletrocorticograma

HoOz e Peroxido de hidrogénio
L Ingénuo

1o PP Intraperitoneal

IL (4,6,10,12)....ccccvvvvviiinnn. Interleucinas

INF-Y.iiiieeecee, Interferon gama

KClLiiie e, Cloreto de potéassio
Ll Tratamento com lectina 1 mg/kg

L10 e Tratamento com lectina 10 mg/kg

LAFINNT ..ot Laboratorio de Fisiologia da Nutricdo Naide Teoddsio
NaCl...ccooiiiiiiiicee, Cloreto de Sodio

NV. e Naive

Sal..cociie Solucdo salina

SNC..i Sistema Nervoso Central

TBS.. e Solucéo salina tamponada com Tris

TNF- e Fator de necrose tumoral

THIS i tris(hidroximetil)aminometano

VLV o Variagéo lenta de voltagem

UFPE......, Universidade Federal de Pernambuco



SUMARIO

1. APRESENTAGCAO. ...ttt ssesse s es st anensnenens 12
2. REVISAO DA LITERATURA ..ottt 15
2.1, NULIIGEO0 € SIStEMA NEIVOSO.....c.veeitiiiitiiiieieeiei ettt 15
A T 1 =TSSR 17
2.2.1 Lectina de Sementes da Canavalia ensiformis: COnA.........c.ccccevveveiieenennnns 19

2.3. Depressao Alastrante Cortical ..........ccccvevviieiiiiiiie e 22
3. IMETODOS. ...ttt 27
20 I I T [ - ST STPR U PR 27
3.2. Animais e Delineamento Experimental...........cccccooiiiiiniiiiiiiiicee e 27
3.3. Aplicacao Sistémica de Lectina CONA .........cceiveiicicceee e 28
3.4. Registro da Depressao Alastrante Cortical..........ccccovvevieiiiiiiiiiiccc e 29
3.5. Aplicacao Tépica Cortical da Lectina CONA..........cocvvveeeieieeieiere e 30
3.6. Determinagdes Ponderais: Medidas dos Pesos Corporais e Encefalicos........... 30
3.7. Estudo Imuno-histoquimico do Cértex e Hipocampo.........cccccvevveeeveevieciesieenne. 31
3.8. ANALISE ESAISTICA. ... .cvvevierieieiecie et 32
4, RESULTADOS ...ttt sttt ae et e et saennenrenne e 33
5. CONSIDERAGCOES FINAIS.......cooveveeeeeieeeeeesee e tesese s esissessesseses s senennens 34
REFERENCIAS ..ottt 36
ANEXOS ...ttt ettt renreene e 112
Anexo A -SubmisSA0 O ArtigO | .......ccoiiiiiiiiiic e 113
Anexo B -Submissao do Artigo Hl........ccveiieieiieceee e 114
Anexo C -Parecer da Comiss&o de Etica no Uso de Animais da UFPE .................. 115

Anexo D -Producéo Cientifica Durante 0 Doutorado..........cc.ccoovevveriereneneinsnnnnn 116



12

1. APRESENTACAO

A triagem de extratos de plantas, bem como de compostos do metabolismo
secundario, para evidenciar a presenca de novas substancias com atividades bioldgicas €
uma fonte potencial de medicamentos mais eficientes (NASCIMENTO et al., 2000).
Dentre essas substancias, podemos destacar as lectinas, que sdo proteinas de origem nao
imune contendo pelo menos um dominio ndo catalitico que se liga de forma especifica e
reversivel a carboidratos (PEUMANS; VAN DAMME, 1995).

Ha décadas as lectinas sdo usadas como modelo para o estudo de interacdes
proteina-carboidrato devido a surpreendente afinidade por uma variedade de
carboidratos, além da sua facil obtengéo e purificagdo (GABIUS et al., 2002). Embora
tenham sido descobertas hd mais de um século, apenas nas uUltimas décadas essas
moléculas passaram a ser consideradas como insumos basicos de grande importancia

em biotecnologia, principalmente as lectinas de origem vegetal (SHARON; LIS, 2003).

Embora os efeitos toxicos das lectinas de leguminosas possam geralmente ser
eliminados por tratamento térmico apropriado, as leguminosas de maneira geral podem
conter fatores antinutricionais e outras substancias nocivas a salde, de modo que as
leguminosas ndo convencionais com grande potencialidade de uso na alimentacdo
devem ser testadas primeiramente em animais antes da sua utilizagdo em humanos
(PROLL et al., 1998).

A Concanavalina (ConA), obtida das sementes de Canavalia ensiformis (Familia
Fabacea), popularmente conhecida no Brasil como “feijao-de-porco”, foi a primeira
lectina a ser isolada e ter sua sequéncia de aminoacidos e estrutura tridimensional
determinadas por cristalografia de raios-X. A ConA € uma lectina D-glicose/D-manose
especifica, e seu mondmero contém 237 residuos de aminoacidos. Muitos estudos
fizeram desta proteina a lectina de planta melhor caracterizada do ponto de vista
bioquimico, biofisico e estrutural (PEUMANS; VAN DAMME, 1995; BOEHM,;
HUCK, 1998; CAVADA et al., 2001; SHARON; LIS, 2003; FAY; BOWIE, 2006;
GEMEINER et al., 2009). Tem-se estudado muitos dos seus efeitos sobre diferentes
sistemas bioldgicos, dentre os quais o0 sistema nervoso central (SNC) (HELMHOLZ et
al., 2003). Nesse contexto, a lectina ConA tém sido utilizada como ferramenta no
isolamento de glicoproteinas (HELMHOLZ et al., 2003), no estudo de receptores
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glutamatérgicos, especialmente AMPA e Kainato (PARTIN et al., 1993; YUE et al.,
1995; EVERTS; VILLMAN; HOLLMANN, 1997; HOFFMAN et al., 1998), na
determinacdo do papel de neurexinas e outros receptores na liberacdo de transmissores
(BOEHM; HUCK, 1998) e no estudo da plasticidade no SNC (LIN; LEVITAN, 1991,
SCHERER; UDIN, 1994).

Considerando a capacidade dos carboidratos em influenciar diversos fenbmenos
fisioldgicos e patolégicos nas células (BLOEM et al., 2013; BORN et al., 2013), é
possivel entender que proteinas que se ligam a residuos de carboidratos de forma
especifica e seletiva, podem se tornar importantes para o desenvolvimento e modulacao
de eventos como comunicacdo, diferenciacdo e proliferacdo celular. Os efeitos
farmacolodgicos da ConA tém sido demonstrados sob varios aspectos ao longo das
Ultimas décadas (MAYER ; VYKLICKY, 1989; HUETTNER, 1990; WONG,;
MAYER, 1993; YUE et al. 1995; EVERTS et al. 1997, 1999; PATERNAIN et al. 1998;
GORITYALA et. al, 2012; ZHANG et. al, 2014).

Dadas suas interacfes com receptores na superficie de membranas celulares, é
razoavel supor que as lectinas podem também modular a comunicacdo celular na
neuroglia. Sabe-se que lectinas endégenas como a Galectina-1, de ligacdo especifica a
B-galactosideos, é constitutiva do sistema nervoso central (SNC) e exibe fungdes
neuroprotetoras (FAY; BOWIE, 2006; YUE et. al, 1995; JACQUES et. al, 2013).
Lectinas exodgenas, como a ConA, também sdo capazes de modular receptores
glutamatérgicos em  neurbnios pré-sindpticos (READ; PARSONS, 2000;
LEHMENKUHLER; GROTEMEYER; TEGTMEIER, 1993).

Tendo em vista as diversas acdes bioldgicas de lectinas vegetais sobre células de
mamiferos, torna-se importante a caracterizagdo dos efeitos bioldgicos de lectinas de
origem vegetal, amplamente cultivadas no Brasil, sobre o desenvolvimento e fungdes do
sistema nervoso central (SNC). Nesse contexto, nenhum resultado na literatura foi
encontrado quanto aos efeitos de qualquer lectina sobre padrdes eletrofisioldgicos
descritos pelo fendbmeno da “depressdo alastrante da atividade elétrica cortical”, ou
simplesmente “Depressdo Alastrante Cortical” (DAC), fendbmeno descoberto pelo
cientista brasileiro Aristides Le&o, em 1944, e estudado no nosso grupo de pesquisa.



14

Considera-se a hip6tese de que a lectina ConA aplicada durante o periodo critico
de desenvolvimento do sistema nervoso, altera o fendmeno da DAC e atividade
microglial e de que tais efeitos poderiam ser modificados pelo estado nutricional. Para
testar esta hipotese, utilizamos o fendbmeno da Depressdo Alastrante Cortical (DAC),
relacionado a excitabilidade cerebral.

Assim, esse trabalho tem como um dos objetivos descrever pela primeira vez
possiveis acOes eletrofisiologicas da lectina Concanavalina A (ConA), utilizando para
isto 0 modelo da DAC; um outro objetivo refere-se ao estudo da reagdo microglial por
meio da marcacao imuno-histoquimica com anticorpos contra a proteina Ibal. Por fim,
investigou-se em animais submetidos a diferentes condi¢cdes de aleitamento se as acOes
da ConA sdo modificadas por condicGes desfavoraveis de lactacao.

E de importancia consolidar os conhecimentos in vivo e in vitro sobre efeitos da
lectina ConA no sistema nervoso central e da DAC durante o periodo de
desenvolvimento do cérebro, bem como avaliar se tais efeitos sdo modulados por
condigdes desfavoraveis de lactacdo e ao mesmo tempo contribuir para a formacdo de

recursos humanos nessa area do conhecimento.

Toda a manipulagdo experimental in vivo referente a aplicagéo sistémica e topica
da lectina ConA, bem como os registros da DAC, foram realizadas no Laboratério de
Fisiologia da Nutricdo Naide Teoddsio (LAFINNT) da Universidade Federal de
Pernambuco (UFPE) sob orientagdo do professor Dr. Rubem Guedes, enquanto que as
analises imuno-histoquimicas foram realizadas na Unidade de Histologia Médica do
Instituto de Neurociéncias da Universidade Autonoma de Barcelona (UAB), sob
supervisdo do professor Dr. Bernardo Castellano, na vigéncia de uma bolsa “doutorado-
sanduiche no Exterior” concedida pela Coordenacdo de Aperfeicoamento de Pessoal de
Nivel Superior (CAPES/PDSE). Os resultados pioneiros deste trabalho estdo contidos
em dois artigos originais, entitulados: Potential brain protective effect of the lectin from
Canavalia ensiformis: an electrophysiological and microglia labeling analysis in the
rat (Apéndice A) e Characterization of brain effects of the lectin from Canavalia
ensiformis in adult rats suckled in small and large litters: a spreading depression- and

microglia immunolabeling study (Apéndice B).
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2. REVISAO DA LITERATURA

2.1. Nutricao e Sistema Nervoso

A nutricdo pode ser definida como o processo biolégico em que 0s organismos
assimilam nutrientes para que consigam realizar as suas funcdes vitais. Nesse contexto,
para a obtengdo de um bom estado nutricional é necessaria uma alimentacéo equilibrada
e que atenda a todos os requerimentos do organismo (MAHAN; ESCOTT-STUMP,
2005).

Um estado nutricional adequado é de fundamental importancia para o
desenvolvimento e a organizacdo do sistema nervoso, considerando que a producgédo de
energia e de nutrientes é necessaria para o desenvolvimento de suas estruturas celulares
e processos metabolicos (MORGANE et al., 1993).

Os desequilibrios nutricionais sdo freqlientemente produzidos pela deficiéncia de
macro-nutrientes (proteinas, carboidratos e lipideos) e micronutrientes (vitaminas,
metais e co-fatores). Estas deficiéncias sdo seguidas de alteracdes fisiopatoldgicas que
se refletem em prejuizo funcional e danos bioquimicos e fisicos. Na infancia, a ingestdo
inadequada de nutrientes pode levar a consequéncias desastrosas para 0 crescimento,
desenvolvimento e sobrevivéncia do organismo. Quando ocorrem no inicio da vida, os
efeitos das condigcdes desfavoraveis de lactacdo podem persistir a longo-prazo e/ou
tornarem-se permanentes, a depender do periodo, da duracédo, da intensidade e do tipo
de desnutricdo (DOBBING, 1968; MORGANE et al., 1993; GUEDES et al., 1996).
Além disso, em animais de laboratério submetidos a condi¢cdes desfavoraveis de
lactacdo tem-se descrito mudangas epigeneéticas e alteragcdes na expressdo de receptores
para glicocorticoides, alterando a resposta ao estresse nos filhotes (MEANEY; SZYF,
2005).

Em humanos, o periodo de rapido desenvolvimento do sistema nervoso ocorre
do ultimo trimestre de gestacdo até aproximadamente o segundo ano de vida. No rato,
animal experimental utilizado neste estudo, esse periodo ocorre durante as trés primeiras
semanas ap0s 0 nascimento e corresponde ao periodo do aleitamento (MORGANE et
al., 1993). E neste periodo que ocorre o pico de atividade de eventos especificos da
neurogénese, gliogénese, migracdo celular e diferenciacdo celular, consequéncia dos

processos neuroquimicos e neuroanatdmicos tipicos do seu desenvolvimento
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(DOBBING, 1968). De acordo com Morgan (1990), as etapas de crescimento e
desenvolvimento cerebral sdo dependentes do tempo e ocorrem em fases
cronologicamente especificas; estas, uma vez passadas, ndo podem ser mais
recuperadas. Assim, tentativas de reabilitacdo nutricional apds o periodo critico de
desenvolvimento cerebral terdo menos efeito do que quando feitas no periodo critico.

Adicionalmente, resultados experimentais tém demonstrado que o cortex
cerebral é muito sensivel a mudancas nutricionais e de plasticidade (LEUBA;
RABINOWICZ 1979; BORBA; ARAUJO; PICANCO-DINIZ, 2000; SANTOS-
MONTEIRO; TEODOSIO, GUEDES, 2000). Esse fato tem sido confirmado no modelo
da Depressdao Alastrante Cortical (DAC) com ratos submetidos a condicdes
desfavoraveis lactacdo (ROCHA-DE-MELO et al, 2006).

Véarios modelos experimentais para induzir condi¢es desfavoraveis de lactagcdo
em animais de laboratério vém sendo utilizados h& décadas no LAFINNT. As trés
formas mais comuns de induzir a condicGes desfavoraveis de lactacdo em ratos
consistem: 1) na reducdo da quantidade e/ou qualidade de nutrientes na dieta da mae
lactante; 2) na separacdo dos filhotes de suas maes lactantes por periodos diarios
determinados, ou 3) no aumento do tamanho da ninhada. Esta Gltima técnica foi o
modelo adotado neste estudo, e consiste no aumento do numero de filhotes que serdo
amamentados por uma unica mae. Esse modelo foi reportado por De Lucca et al.
(1977), e seu impacto sobre a propagacdo da DAC foi descrito primeiramente de forma
sistematica por Rocha-de-Melo et al. (2006). Segundo Morgane et al (1978), nessas
condigdes a qualidade do leite € mantida, mas ocorre reducdo da quantidade recebida
por cada filhote, resultando em deficiéncia nutricional. Esse modelo experimental foi
também adotado por Yoshioka et al.(1995). Esses autores também determinaram, em
ratos, que o periodo que compreende as trés primeiras semanas de vida ap6s o
nascimento, é o periodo mais critico em que o cérebro esta mais vulneravel a alteracoes
nutricionais. Eles verificaram ainda uma irreversibilidade de alguns danos cerebrais em
ratos submetidos a condigcdes desfavoraveis de lactagdo em diferentes periodos de
desenvolvimento cerebral, mesmo sendo posteriormente seguido de uma reabilitagéo
nutricional.

Os efeitos tardios de condi¢Ges desfavoraveis de lactacdo podem causar
diferencas significativas nos individuos na fase adulta, de modo que os animais com

livre acesso ao leite materno podem atingir um maior tempo de vida e uma maior
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capacidade de se reproduzir. Desta forma, os individuos que enfrentam maior
competicdo por leite materno sofrem desvantagens evolutivas. (RODEL et al., 2008).
Outros fatores como a administracdo de farmacos, podem interagir de forma
sinérgica, aditiva ou antagonica ao estado nutricional e modular de forma diferenciada a
excitabilidade cerebral. Partindo-se deste principio, investigamos o0s efeitos
eletrofisiologicos cerebrais da lectina ConA, utilizando como modelo a DAC. Como ja
mencionado, essa molécula é de origem vegetal, encontrada em uma leguminosa
comestivel de regies tropicais. Nenhuma informacgdo estd disponivel na literatura
acerca de efeitos de qualquer lectina sobre a DAC durante o periodo de
desenvolvimento do cérebro. Assim decidimos investigar também a possivel interacdo
entre a ConA e condicGes desfavoraveis de lactacdo, representada pela amamentacdo em
grandes ninhadas. Nas proximas secOes, apresentamos uma revisdo da literatura sobre a

lectina ConA com base na sua estrutura, propriedades biogquimicas e fisioldgicas.

2.2. Lectinas

Lectinas (do latim legere, que significa “selecionar’) sdo proteinas de origem
ndo imune que possuem elevada afinidade e especificidade por carboidratos, capazes de
mediar importantes processos fisiolégicos (VAN DAMME, 1998). Historicamente, as
lectinas foram identificadas em plantas no inicio do século XX. Foram inicialmente
caracterizadas por sua capacidade de promover a aglutinacao de eritrocitos, sendo por
muito tempo chamadas de fito-hemaglutininas (SHARON e LIS, 1989). Entretanto,
sabe-se que as lectinas constituem um grande grupo de proteinas estruturalmente
heterogéneas, encontradas em virus, bactérias, fungos, plantas e animais (LIS;
SHARON, 1998; VAN DAMME, 1998). Como principal caracteristica, essa classe de
proteinas liga-se, quimicamente, com elevada especificidade e de forma ndo-covalente e
reversivel a carboidratos livres, conjugados, ou mesmo na forma de estruturas

complexas de agucares, nas membranas celulares (VAN DAMME, 1998).

Existe uma crescente lista de lectinas estruturalmente bem caracterizadas
capazes de reconhecer estruturas especificas de glicanas endogenas e por isso mediar
fungdes de sinalizacdo celular. As lectinas tipicamente contém um ou mais sitios de
reconhecimento de carboidrato por monémero. Além disso, podem possuir estruturas
quaternarias complexas, formando dimeros, trimeros ou tetrameros, capazes de ligar-se

simultaneamente a estruturas complexas de glicanas. De acordo com sua especificidade
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por uma determinada classe de agucares, as lectinas podem ser classificadas como sendo
do tipo: (i) Manose lectinas (e.g. ConA, da Canavalia ensiformis); (ii) Galactose / N-
acetilgalactosamina lectinas (e.g. AlL-Jacalina, da Artocarpus integrifolia); (iii) N-
acetilglicosamina lectinas (e.g. WGA, da Triticum vulgaris); (iv) Acido N-
acetilneuraminico lectinas (e.g. SNA, da Sambucus nigra); e (v) Fucose lectinas (e.g.
AAL, da Aleuria aurantia) (LIS e SHARON, 1998).

Com toda sua versatilidade estrutural, os polissacarideos podem exercer uma
ampla variedade de funcbGes nas comunicages celulares (LIS; SHARON, 1993;
VARKI, 1993; VARKI e MARTH, 1995; GAHMBERG; TOLVANEN, 1996). Essa
versatilidade é enriquecida pela combinacdo entre polissacarideos com proteinas e
lipideos, podendo influenciar desde o sistema imunoldgico (processos de comunicacao e
adesdo celular) a capacidade operativa de agentes infecciosos (FUJIMOTO; GREEN,
2012; XUE et al, 2012).

Muitos patégenos, dentre os quais virus, bactérias, fungos, helmintos e
protozoarios iniciam, ou mantém, sua interacdes com celulas de vertebrados por meio
de lectinas do tipo hemaglutininas ou adesinas, que reconhecem estruturas glicanas com
elevada especificidade (KARLSSON, 1995; SHARON, 1996).

Devido a suas propriedades fisico-quimicas destacadas, as lectinas sdo usadas
como ferramentas biotecnologicas no estudo do reconhecimento de superficies celulares
(GEMEINER et. al, 2009), consistindo em um sensivel sistema de deteccdo para
mudangas nos padrdes de glicosilagdo e expressdo de carboidratos que podem ocorrer
durante a embriogéneses, crescimento celular e algumas doencas (CAMPOS et al.,
2006). Por exemplo, as lectinas vém sendo utilizadas com sucesso como marcadores
histolégicos (CAMPOS et al., 2006), na modelagem racional de carreadores de
farmacos (GORITYALA et. al, 2012), como biossensores para deteccdo de
glicoproteinas circulantes - com limite de deteccdo da ordem de 10 mol.L*
(BERTOK, 2013), em sistemas cromatograficos de purificacdo, enriquecimento e
identificacdo de glicoproteinas (KWANYOUNG, 2013), na identificacdo de células
tumorais (ZHANG et. al, 2014).

Em animais, as lectinas participam de inimeras funcdes relacionadas ao
reconhecimento celular, tais como: fertilizacdo, regulacdo do tecido conectivo,
apoptose, respostas inflamatorias em infeccGes locais, e na determinacao e diferenciacéo
tecidual na fase embrionaria (GABIUS, 1997; SHARON; LIS, 2001, 2004). Como
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exemplo de lectinas de animais, as galectinas (ligam-se especificamente a f-
galactosideos) tém sido identificadas em varios 6rgdos e sistemas em humanos, e suas
principais acdes estdo relacionadas com: adesao celular, apoptose, supressao da ativacao
de receptores de células T e transcricdo do mRNA (LIU; PATTERSON;WANG, 2002).

Em plantas, as lectinas podem estar presentes em todos os tecidos e participam
do controle da germinacdo, transporte e armazenamento de acUcares, alongamento da
parede celular, protecdo contra insetos e microorganismos (PEUMANS; VAN
DAMME, 1995). A maioria das lectinas tém sido purificadas e caracterizadas a partir de
sementes de leguminosas, representando cerca de 10% do contetdo de proteina total,
embora varias lectinas também sejam isoladas de raizes e entrecasca, frutos
(PEUMANS et al., 2000), bulbos (MO et al., 1994), rizomas (PEUMANS et al., 2000),
folhas (RATANAPO, NGAMJUNYAPORN; CHULAVATNATOL, 2001) e tubérculos
(ALLEN et al., 1996; ASHFORD; ALLEN; NEUBERGER, 1982). As lectinas de
plantas tém recebido especial atencéo devido ao fato de que, em geral, possuem elevada

atividade bioldgica quando comparado com lectinas de origem animal.

Dentre as lectinas de origem vegetal, a lectina Concanavalina A (ConA) foi a
primeira lectina de leguminosas a ter sua estrutura estudada (no inicio do século XX), e
ainda hoje desperta atencdo na comunidade cientifica devido a sua atividade anti-
proliferativa e antitumoral em varios tipos de células cancerigenas, além de outras

atividades bioldgicas.

2.2.1 Lectina de Sementes da Canavalia ensiformis: ConA

Em muitos estudos cientificos envolvendo lectinas, aquela conhecida como
Concanavalina A (ConA), obtida de sementes de Canavalia ensiformis, tem sido
escolhida como modelo. Por ter sido a primeira lectina isolada (em 1916) e ter sua
estrutura tridimensional e sequenciamento de carboidratos bem caracterizada
(HARDMAN, 1972; HARDMAN, 1982), ela esta disponivel comercialmente com
elevado grau de pureza, na sua forma livre de carboidratos.

Estruturalmente a ConA é uma proteina Ca®*/Mn?*-dependente, que se liga
especificamente a a-D-manose, a-D-glicose e glicopiranosideos (LI et al., 2011)
formando um complexo carboidrato-ConA na proporcdo de 4:1 (ANZAI,
KOBAYASHI, 2000). Os monémeros da ConA sdo compostos por 237 residuos de
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aminoacidos que formam duas folhas B antiparalelas, compostos por 6 e 7 fileiras
paralelas de seqliéncias de aminoacidos estendidas em cada uma delas, respectivamente.
A formacdo dos dimeros é dada pelo emparelhamento adjacente e antiparalelo dos

monomeros, como mostrado na Figura 1.
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Figura 1: (a) Folhas e vagem com sementes da Canavalia ensiformis, das quais sdo extraidas a lectina
ConA. A estrutura do monémero da ConA (b), PDB 3CNA (HARDMAN; AINSWORTH, 1972), e
dos carboidratos manose (c) e glicose (d).

Em meio fisioldgico a ConA possui estrutura quaternaria tetramérica, com peso
molecular de 416-448 KDa e ponto isoelétrico na faixa de pH 4.5-5.5. A ConA também
pode ser descrita como um dimero de dimeros (Figura 2), cuja dissociacao reversivel é
dada pela mudanca de pH, de modo que suas subunidades sofrem apenas uma pequena
perturbacdo estrutural, mantendo igual afinidade pelos acglcares em ambas as formas,
dimérica (pH < 5.5) ou tetramérica (pH > 5.5).

Monomero

Tetrameroda ConA

Figura 2: Equilibrio quimico entre as formas tetraméricas e diméricas da ConA em fun¢éo do pH. Em pH
> 5.5, o tetramero € a estrutura quaternaria mais abundante, enquanto que, em pH mais acido (< 5.5),
a estrutura dimérica é predominante. Ambas as formas apresentam a mesma afinidade por manose e
glicose.
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Ao nivel molecular de interacdo lectina/receptor, é sabido que a ConA pode
ligar-se especificamente a diferentes residuos de manose e glicose em estruturas mais
complexas (LI et al., 2011), modulando Vérios eventos, tais como: neuroplasticidade
(LIN e LEVITAN, 1991; SCHERER e UDIN, 1994; EVERTS et al., 1999), limiar de
resposta em receptores ionotropicos de glutamato (THALHAMMER; EVERTS;
HOLLMANN, 2002; BOEHM; HUCK, 1998) efeitos inibitdrios no transporte de 5-HT
(5-hidroxitriptamina, ou serotonina) antagonizado por a-metil-D-manose (IKEGAMI et
al.,, 1991), inibicdo pré-sinaptica em neurdnios (BOEHM; HUCK, 1998), e
dessensibilizacdo no transporte de dopamina (HUANG et al, 2003).

Em geral, as lectinas também apresentam muitos efeitos imunoldgicos,
disparando diferentes vias de inflamacdo, dependente do tipo e da dose da lectina (XU
et al.,, 2006). Por exemplo, a ConA pode exercer uma imunomodulagdo dose-
dependente, levando a mudancas entre o balanco de citocinas anti-inflamatérias (IL-6,
IL-10) e pro-inflamatorias (IL-4, IL-12, TNF-a, and INF-y) (XU et al., 2006).

O efeito potente da ConA contra células tumorais hepaticas foi demonstrado por
Ley e Chang (2009). Os primeiros achados apontam para uma internalizagcdo da ConA,
preferencialmente para as mitocondria, apos ligar-se a residuos de manose na superficie
celular, disparando uma morte autofagica das células tumorais, com subsequente
ativacao linfocitéaria.

Dadas suas interacbes com receptores e superficies de membrana celular, é
razoavel supor que algumas lectinas podem também modular a comunicagéo celular na
neuroglia. De fato, a lectina enddgena Galectina-1, de ligacdo especifica a P-
galactosideos, é constitutiva do sistema nervoso central (SNC) e exibe fungdes
neuroprotetoras (SAKAGUCHI et. al, 2006; ISHIBASHI et al, 2007; QU et al, 2010,
2011) pela produgéo de fatores neurotroficos (SASAKI et al, 2004). Além disso,
desenvolvem importante papel na memdria hipocampal e potente atividade contra
neuro-inflamagéo (SAKAGUCHI et. al, 2011). A lectina de Araucaria angustifolia tem
supostamente um efeito protetor contra a hiper-excitabilidade cerebral
(VASCONCELDOS et al., 2009). No entanto, nenhuma informacdo esté disponivel na

literatura com relacdo a efeitos da ConA sobre excitabilidade cerebral.
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A lectina exdgena ConA também é capaz de modular receptores glutamatérgicos
em neurdnios pré-sinapticos (FAY; BOWIE, 2006; YUE et al, 1995). Recentemente, foi
descrito que uma lectina homdloga a ConA, a ConBr extraida da Canavalia brasiliensis,
é capaz de proteger o hipocampo de ratos contra a neurotoxicidade do glutamato por um
sistema de interacdo lectina/glutamato (JACQUES et al, 2013) resultando em atividade
antidepressiva e neuroprotetora. Por outro lado, outras lectinas exdgenas também séo
capazes de desencadear resposta neuroinflamatoria em ratos, mas com efeito do tipo
depressor (YUE et al, 1995).

A contradicdo em muitos efeitos biol6gicos observados para lectinas homdlogas
reforca o fato de que ndo ha uma maneira simples de equacionar as relacBes entre
estrutura e atividade bioldgica, de modo que cada nova atividade deve ser investigada
sistematicamente para cada lectina. Foi nesse contexto que descrevemos pela primeira
vez os efeitos do tratamento sistémico e topico da lectina ConA sobre o fenédmeno da

DAC, o qual seré apresentado na proxima sec¢ao.

2.3. Depressao Alastrante Cortical

A DAC foi inicialmente descrita pelo neurocientista brasileiro Aristides Ledo em
1944 durante estudos sobre epilepsia experimental, nos quais se registrava a atividade
elétrica cortical de coelhos anestesiados (LEAO, 1944). O termo “Depressdo
Alastrante” advém da massiva e sincronizada diminui¢do da atividade elétrica
espontanea, observada no eletrocorticograma, resultando de uma despolarizacdo e

repolarizacdo das células neuronais na regido afetada.

A diminuicdo da atividade elétrica cortical na DAC propaga-se
concentricamente em resposta a estimulagdo quimica, elétrica ou mecénica de um ponto
do tecido cortical. Em seguida, o local inicialmente deprimido comecga a se recuperar e
em torno de 10 a 15 minutos o tecido encontra-se completamente recuperado (LEAO,
1972; MARTINS-FERREIRA, 1974), o que torna este fendmeno absolutamente

reversivel, como mostrado no esquema da Figura 3.
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Figura 3: Ciclo de eventos reversiveis que ocorrem durante a depressdo alastrante cortical. Seqiiéncia de
passos (A-F) que caracterizam da DAC no cortex cerebral do rato (apenas um dos hemisférios
cerebrais & mostrado). Em A, o tecido cortical é estimulado no ponto marcado por um * e um
episodio de DAC ¢é originado deste ponto. O circulo cinza marcado em B mostra a &rea inicialmente
deprimida, com consequente propagacdo concéntrica para outras areas do cortex (passos C e D). A
area em cinza-escuro representa a regido cortical em recuperacdo apés a DAC, mas que ainda se
encontra refrataria, incapaz de produzir um segundo episodio de DAC. O circulo na cor bege,
mostrado em E, indica a area inicialmente recuperada ap6s a DAC. A recuperagdo é um processo
gradual que se estende para areas remotas (passo F) e finalmente todo o tecido cortical retorna a
condicdo inicial pré-DAC, como em A. A direita é mostrada a diminuicdo (depressdo) do
eletrocorticograma com a variacéo lenta de potencial, caracteristica da DAC. Os pontos temporais
correspondentes as condi¢fes dos passos A-F sdo marcados no eletrocorticograma com as
respectivas letras.

A DAC ndo se limita ao cortex, podendo também ser observada na substancia
cinzenta de outras estruturas extra e sub-corticais (LEAO, 1972; BURE; BURE OVA;
KRIVANEK, 1974; DO CARMO; MARTINS-FERREIRA, 1984; GUEDES et al.,
2005).

A propagacédo das ondas na DAC envolve grandes mudangas nas concentragdes
e redistribuicdes ionicas, principalmente de Na®, K', CI" e Ca** (MARTINS-
FERREIRA; NEDERGAARD; NICHOLSON, 2000). Uma vez que os coeficientes de
difusdo desses ions sdo praticamente constantes, outros fatores enddgenos devem
explicar o aumento ou diminuicdo na velocidade de propagacdo da DAC observados
experimentalmente. Dentre esses fatores, podemos citar a integridade do tecido, os tipos
de células envolvidas, variacdo no volume extracelular, distribuicdo de canais para ions
nas membranas e seus potenciais de corrente (MIURA; HUANG; WYLIE, 2007).
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Além da difuséo ibnica através do espaco extracelular (GUEDES; DO CARMO,
1980; SIESJO; BENGTSSON, 1989), outras espécies quimicas como radicais livres
produzidos no tecido nervoso também resultam em efeitos distintos sobre a DAC
(ABADIE-GUEDES et al., 2008; EL-BACHA; LIMA-FILHO; GUEDES, 1998,
NETTO; MARTINS-FERREIRA, 1989). A medida que esses compostos se difundem
através do espaco extracelular, deflagram o fendmeno nas células vizinhas que, uma vez
deprimidas eletricamente, passam a liberar estes mesmos fatores que deprimem outras
células, caracterizando uma propagac¢do automantida e sustentada (LEHMENKUHLER;
GROTEMEYER; TEGTMEIER, 1993).

A DAC j& foi demonstrada experimentalmente em diferentes espécies de
vertebrados, desde peixes a mamiferos, inclusive o homem. Independente da espécie
estudada, observam-se velocidades de propagacdo notavelmente baixas (de 2 a 5
mm/min), em comparacdo com a ordem de grandeza da velocidade de propagacdo dos
impulsos nervosos em axonios (até dezenas de m/s). Entretanto, muitas propriedades
das ondas da DAC sdo analogas a propagacdo do potencial de acdo em axoOnios
(MIURA; HUANG; WYLIE, 2007); por exemplo, possuem resposta do tipo “tudo-ou-
nada”, e apresentam refratariedade, de modo que os pontos recém-estimulados séo
incapazes de propagar um novo evento até que o tecido esteja recuperado. Essas
caracteristicas sdo responsaveis pela frente de onda concéntrica gerada no tecido

cortical, como mostrado na Figura 3.

O Laboratorio de Fisiologia da Nutricdo Naide Teoddsio (LAFINNT), do
Departamento de Nutricdo do CCS/UFPE, onde este estudo foi desenvolvido, vem
investigando a DAC como fendmeno potencialmente relevante para o melhor
conhecimento dos mecanismos de doencas neurolégicas humanas importantes, como as
epilepsias, a enxaqueca com aura e a isquemia cerebral. Inimeras evidéncias clinicas
tém sugerido o envolvimento da DAC com essas doencas (LEAO, 1944; LEAO, 1972;
GUEDES; CAVALHEIRO, 1997; RICHTER; LEHMENKUHLER, 2008; GORIJI,
2001).

Nessa linha de pesquisa, tem-se demonstrado em ratos que alteragdes
nutricionais precoces (no aleitamento), tanto no sentido das condicdes favoraveis e
desfavoraveis de lactacdo, alteram a propagacdo da DAC em sentidos opostos e esses
efeitos persistem até a idade adulta (ROCHA-DE-MELO et al, 2006).
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A susceptibilidade cortical ao fendmeno parece ser influenciada pelas condigdes
em que o tecido cerebral se encontra. Assim como o estado nutricional, outras
condi¢cdes de relevancia clinica que influenciam a excitabilidade neuronal podem

interferir com a incidéncia da DAC e sua propagacéo.

Dentre os fatores que aumentam a velocidade da DAC podemos mencionar: a
desnutricdo (GUEDES; ANDRADE; CABRAL-FILHO, 1987; ANDRADE; GUEDES;
TEODOSIO, 1990; ROCHA-DE-MELO; GUEDES, 1997; ROCHA-DE-MELO et al.,
2006), a diminuicdo da concentracdo extracelular de cloreto (GUEDES; DO CARMO,
1980), a privacdo do sono paradoxal (VASCONCELOS et al., 2004; GUEDES;
VASCONCELOS, 2008), o consumo de etanol (GUEDES; FRADE, 1993; ABADIE-
GUEDES et al., 2008), o tratamento com agonistas do GABA (GUEDES et al., 1992), a
hipoglicemia (XIMENES-DA-SILVA; GUEDES, 1991; COSTA-CRUZ; GUEDES,
2001); o hipertireoidismo (SANTOS, 2000), a privacdo sensorial (SANTOS-
MONTEIRO, 2002; TENORIO et al, 2009) e o tratamento precoce com certos
aminoacidos, como a arginina (MAIA et al, 2008) a glutamina (LIMA et al., 2009) e o
glutamato mono-sodico (LIMA et al., 2013).

Igualmente, ha fatores que diminuem a velocidade de propagacdo da DAC,
como: o tratamento dietético com litio (GUEDES et al., 1989), o envelhecimento
(GUEDES et al., 1996), a facilitacdo da atividade serotoninérgica (CABRAL-FILHO;
TRINDADE-FILHO;GUEDES, 1995; GUEDES et al., 2002; AMANCIO-DOS-
SANTOS et al., 2006), o uso de anestésicos (GUEDES; BARRETO, 1992), o
hipotireoidismo (GUEDES; PEREIRA-DASILVA, 1993), a hiperglicemia (XIMENES-
DA-SILVA; GUEDES, 1991; COSTA-CRUZ; GUEDES, 2001; COSTA-CRUZ;
AMANCIO-DOS-SANTOS;GUEDES, 2006), a epilepsia cronica provocada pela
pilocarpina (GUEDES; CAVALHEIRO, 1997; COSTA-CRUZ et al.,, 2006), a
estimulacdo ambiental (SANTOS-MONTEIRO et al., 2000) e a estimulacdo elétrica
periférica (DO MONTE-SILVA et al., 2007).

Sabe-se que depressdo alastrante € um fenbmeno ndo apenas neuronal, mas
envolve também a despolarizagdo glial. Em muitos processos de injaria no cérebro a
microglia e os astrécitos sdo transformados em glia reativa (CAGGIANO; KRAIG,
1996). Zhou et al. (2010) demonstraram por técnicas de microscopia associadas a DAC

que os astrocitos sofrem alteragdes induzidas pelo [K'] extracelular, mas sem as
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alteragBes que ocorrem nos neurdnios como aumento no volume celular, diminui¢do do
pH (acidificacdo) intracelular, e despolarizacdo mitocondrial. No que tange a microglia,
sabe-se que a depressdo alastrante pode aumentar sua ativacdo, aumentando a liberacdo
de citocinas a partir destas células. Grinberg, Milton e Kraig (2011) observaram um
aumento significativo da movimentacdo microglial em ratos adultos, horas ap6s a
depressao alastrante, como uma resposta mal-adaptativa ao fenémeno. Caggiano e Kraig
(1996) observaram um aumento na imunorreatividade microglial no hemisfério cortical
em que a depressdo alastrante é induzida, em um processo que pode ser modulado por
eicosanoides e 6xido nitrico, sendo a microglia mais sensivel a essas alteracfes que 0s
astrocitos. Cui et al. (2009) também verificaram in vivo uma ativacdo microglial
predominante no hemisfério ipsilateral de ratos apos oito dias da cirurgia e estimulacao
da DAC, por meio de monitoramento de imagens e imunomarcagéo contra a proteina
PBR; esta proteina é expressa em maior quantidade nas mitocondrias da microglia
ativada.

Deve-se ressaltar que, apesar do reconhecido aumento da reatividade microglial
com a depressao alastrante, pouco se sabe sob os efeitos tardios em uma janela de tempo
maior que 30 dias entre a estimulacdo da DAC e as respostas microgliais em animais
submetidos a condicOes desfavoraveis de lactacdo durante os primeiros 25 dias de vida.
Adicionalmente, ndo foram encontrados na literatura os efeitos da lectina ConA sob a
ativacdo microglial ou seus efeitos durante aplicacdio no periodo critico de

desenvolvimento cerebral.

Diante do exposto, a DAC apresenta-se como um modelo experimental
extremamente reprodutivel que envolve distintos mecanismos neuronais e gliais. Apesar
dos questionamentos em aberto quanto ao fendmeno, ha fortes evidéncias de validacao
dos modelos experimentais in vivo com animais de laboratorio e suas manifestagdes em
humanos. Assim, a investigacdo de novos fatores que influenciam a DAC pode ser alvo
para terapias de controle de desordens neuroldgicas, associadas ao uso de novas
moléculas com atividade neural, sob distintos estados nutricionais. E neste contexto que
propusemos estudar os efeitos da lectina ConA sob a depressdo alastrante cortical in

vivo em ratos adultos previamente submetidos a diferentes condicdes de lactacéo.

Nas proximas secdes, descreveremos 0s méetodos experimentais utilizados neste

trabalho.
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3. METODOS
3.1. Lectina

Para este estudo utilizou-se a lectina da Canavalia ensiformis, Concanavalina A
(ConA). Essa leguminosa é popularmente conhecida como “feijao de porco” (em inglés:
“jack beans”). A lectina foi obtida na forma de pé (Sigma-Aldrich, 99% de pureza), e

armazenada sob refrigeracdo, em ambiente seco e ao abrigo de luz até a sua utilizacao.

3.2. Animais e Delineamento Experimental

Foram estudados ratos machos, da linhagem Wistar (n = 97), oriundos da
Coldnia do Departamento de Nutri¢do da Universidade Federal de Pernambuco (UFPE).
Apbs confirmacdo da fecundacdo através do esfregaco vaginal, as fémeas foram
mantidas em gaiolas individuais. Os filhotes, apds o desmame, também foram mantidos
em gaiolas de polipropileno, a temperatura ambiente de 23 + 1°C, com ciclo claro-
escuro de 12-12 h (inicio da fase clara as 6:00 h) e com livre acesso a racdo e agua.

Os procedimentos descritos para 0 manejo e o cuidado dos animais seguiram
normas semelhantes as estabelecidas pelo National Institute of Health Guide for Care
and Use of Laboratory Animals. Os experimentos foram iniciados ap0s a aprovacao
pela Comissdo de Etica em Experimentagio Animal da UFPE (Processo n°
23076.031272/2010-53; Anexo C).

Para o inicio do aleitamento, os filhotes de vérias mées foram reunidos e
aleatoriamente distribuidos para constituir os dois seguintes grupos, nutricionalmente
distintos, segundo a técnica de manipulacdo do tamanho das ninhadas (DE LUCA;
CIOFFI; BURES, 1977; ROCHA-DE-MELO et al., 2006):

e Lactacdo em condicges favoraveis: no qual os filhotes foram amamentados em
ninhadas de tamanho normal, formadas por 6-7 filhotes (grupo N6);

e Lactacdo em condicBes desfavoraveis: no qual os filhotes foram amamentados
em ninhadas de tamanho grande, formadas por 12- 14 filhotes (grupo N12).
Esse procedimento induz deficiéncia nutricional nos filhotes durante esse
periodo de intenso desenvolvimento cerebral (ROCHA-DE-MELO et al., 2006).
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O delineamento experimental é mostrado esquematicamente na Figura 4, e

detalhado nas secOes posteriores.

3.3. Aplicacao Sistémica de Lectina ConA

Do 5° ao 24° dia apds o nascimento, em cada condicdo de aleitamento, dois
grupos de ratos receberam injecdes didrias da lectina ConA por via intraperitoneal
diluida em solucdo salina nas doses de 1 mg/kg (grupo L1) ou 10 mg/kg (grupo L10).
Dois outros grupos foram utilizados como controle: um tratado apenas com o veiculo
(solucéo salina 0,9%; grupo Sal), e outro, sem qualquer tratamento (grupo ingénuo).
Constituiu-se assim 0s oito (8) grupos de animais deste estudo, sendo 4 em condicdes de
lactacdo favoravel e 4 em condi¢cdes desfavoraveis de lactacdo (Figura 4). Apds o
desmame (25° dia) todos os grupos receberam a dieta anteriormente oferecida as mées,
contendo 23 % de proteina. Apds o registro da DAC, os cérebros foram perfundidos,

cortados e processados para marcagao imuno-histoquimica da microglia.

. Dieta Lahina® com 23% de proteina
Nascimento

4 | Corte dos cérebros
[ s

I .
24°25° 90° 120% T

Escala de tempo (dias)
AT

| Administracdo i,p. da ConA |

Registro da D.A. | | Imuno-histoguimica |

| Aplicagdo topica cortical ConA |

VLV

Concanavalina A
(Sigma 99%)

Figura 4: Esquema do delineamento experimental. Apds o nascimento os ratos foram amamentados em
ninhadas com 6-7 ou 12-14 filhotes, configurando respectivamente lactacdo em condiges
favoraveis e desfavoraveis (grupos N-6 e N-12). Do 5° ao 24° dia apds o nascimento, 0s ratos
receberam injecdes diarias da lectina ConA diluida em solugdo salina nas doses de 1 mg/kg (grupo
L1) ou 10 mg/kg (grupo L10). Em cada condi¢do de aleitamento, dois grupos controle foram
utilizados: um tratado apenas com o veiculo (solucdo salina 0,9%; grupo Sal), e outro, sem qualquer
tratamento (grupo ingénuo). Do 25° dia até a data do registro da DAC (90-120 dias), todos 0s grupos
receberam a mesma dieta, anteriormente oferecida as maes, contendo 23 % de proteina. Ap6s o
registro da DAC, os cérebros foram perfundidos, cortados e processados para marcagdo imuno-
histoquimica da microglia.
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3.4. Registro da Depressao Alastrante Cortical

No dia do registro (90 a 120 dias apds o nascimento), os animais foram
anestesiados, por via intraperitoneal, com 10 ml/Kg de peso corporal de uma solugéo de
Uretana a 10% + Cloralose a 0,4%, perfazendo a dose de 1g/Kg de Uretana +40mg/kg
de cloralose. O animal foi colocado em decubito ventral, sobre um aquecedor elétrico
para manter a temperatura retal estavel em torno de 37+1°C. A cabeca do animal foi
fixada a base de um aparelho estereotdxico modelo 900 (David Kopf). Uma incisdo na
pele da cabeca ao nivel da linha média permitiu a remocéao do peridsteo e exposicao da
calota craniana que foi entdo trepanada, obtendo-se 3 orificios ao nivel do hemisfério
direito. O primeiro orificio de 2-3 mm de diametro, na regido frontal, foi utilizado para a
estimulagdo necessaria a deflagracdo da DAC. Os outros dois, de 3-4 mm de didmetro,
na regido parietal, foram destinados a colocacdo de dois eletrodos atraveés dos quais
realizou-se o registro eletrofisiolégico. Os orificios foram alinhados na direcdo fronto-

occipital e paralelos a linha media.

A cada 20 minutos, a DAC foi desencadeada por estimulacdo quimica: uma
pelota de algoddo, embebida em solugéo de KCI a 2%, foi colocada em contato com a
superficie cortical, através do orificio de estimulacdo, durante um minuto. Apos esse
tempo, o estimulo quimico foi retirado e a regido enxugada com algoddo a fim de
remover o excesso de KCI. Essa estimulacdo, realizada na regido frontal, provoca
usualmente uma unica “onda” de DAC que, ao se propagar, é registrada pelos eletrodos
colocados na regido parietal.

A atividade elétrica cortical (ECoG) e a variacdo lenta de voltagem (VLV) que
acompanha a DAC foram registradas continuamente por um periodo de 4 horas. Os dois
eletrodos utilizados para o registro e o eletrodo de referéncia comum (localizado no
0sso0 nasal) foram do tipo “prata-cloreto de prata”. Eles foram obtidos promovendo-se,
por eletrolise, a formacao de uma fina camada de cloreto de prata, em um fio de prata de
3 cm de comprimento e 1 mm de diametro. Em seguida, duas pipetas conicas de plastico
(5cm de comprimento, didmetro inferior de 1mm e superior de 5mm) j& fixadas entre si
e com distancia entre as suas pontas conhecida (variando entre 4 e 6 mm para distintos
pares de pipetas), foram preenchidas com solucdo de agar-ringer a 0,5%, na qual os fios
cloretados foram imersos. Esse par de eletrodos foi fixado ao segurador de eletrodos do
aparelho estereotaxico, de modo que o0s eletrodos puderam ser baixados e postos em
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contato com a superficie cortical de forma suave, evitando-se pressdo excessiva sobre a

mesma.

Os registros foram realizados em poligrafo GRASS Modelo 7D (Grass Medical
Instruments) e em um sistema digital (EMG systems do Brasil Ltda), que permite o

registro e armazenamento dos dados em computador.

A velocidade de propagacdo da DAC foi calculada dividindo-se a distancia entre
os dois pontos corticais de registro (distancia fixa para cada experimento) pelo tempo

necessario para que uma onda da DAC percorra essa distancia.

3.5. Aplicacdo Topica Cortical da Lectina ConA

Um grupo adicional de ratos adultos com (90-120 dias; n=8) foi submetido a
aplicacdo topica de lectina, na concentracdo de 1mg/ml. Previamente a esta aplicag&o,
foi realizado, por um periodo de uma hora o registro eletrofisioldgico da DAC,
denominado de registro “basal”, durante o qual a velocidade da DAC foi medida em
intervalos de 20 minutos. Cerca de 10 minutos apos a ultima medida do registro basal,
estando a dura-méter intacta, a solu¢do de lectina a 1 mg/mL foi aplicada, sobre a
superficie dos dois orificios, usados para o registro eletrofisioldgico.Esta concentragao
da solucéo de lectina equivale a concentracdo do grupo L10 aplicado sistemicamente. A
lectina permanecia em contato com a superficie cortical por aproximadamente 10
minutos. Apos este procedimento o cortex foi enxugado e nova DAC foi deflagrada
com KCI. Mais duas aplicagdes subseqiientes de lectina foram realizadas da mesma
maneira, com objetivo de obter outras duas medidas da velocidade de propagacédo da
DAC. Estas velocidades foram comparadas com aquelas do periodo basal, no mesmo

animal.

3.6. Determinacg6es Ponderais: Medidas dos Pesos Corporais e Encefélicos

A evolucéo ponderal foi obtida, pesando-se os animais aos 7, 14, 21, 30, 60 e 90
dias de vida em todos os grupos, com o auxilio de uma balancga eletrénica (Marte,
Mod.54.000), com sensibilidade de até 0,1g. Os animais foram pesados também no dia

do registro eletrofisiologico.
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O peso dos encéfalos perfundidos foi obtido ao término do registro
eletrofisiologico, apds o mesmo ter sido removido do cranio, mediante duas incisdes:
uma incisdo anterior, no limite entre os hemisférios cerebrais e o bulbo olfatorio,
excluindo-o, e outra incisdao tangenciando a borda inferior do cerebelo, incluindo-o.
Estes encéfalos foram pesados em balanca analitica modelo Bosh, S-2000 com

sensibilidade até 0,1 mg.

3.7. Estudo Imuno-histoquimico do Cortex e Hipocampo

Os ceérebros, perfundidos com solucdo salina a NaCl 0,9 % seguido por
paraformaldeido a 4% diluido em 0,1 M de tampdo fosfato (pH 7,4), foram conservados
em paraformaldeido a 4%, armazenados em condi¢des apropriadas e analisados na

Universitat Autonoma de Barcelona durante o periodo do Doutorado Sanduiche.

Cortes seriados longitudinais com 30 micrometros de espessura foram obtidos a
-20 ° C com um criostato (Leica-1850). Os cortes foram imunomarcados com anti-IBA-
1, proteina expressa nas células microgliais (anti-lbal, #019-19741; Wako Puré
Chemical Industries Ltd., Osaka, Japéo). Seccdes com flutuacdo livre foram sujeitas a
blogueio da peroxidase enddgena (2% de H,O, em 70% metanol, durante 10 min).
Depois, as secgdes foram incubadas durante 1 h em solu¢do tampdo de bloqueio (BB)
contendo 0,05 M de solucdo salina tamponada com Tris (TBS), pH 7,4, 10% de soro
fetal de vitelo, 3% de albumina de soro bovino, e Triton X — 100 a 1%. Em seguida, as
seccdes foram incubadas durante toda a noite a 4° C com anticorpo de coelho anti-1bal
(1:1.500 diluida em solucdo BB). Apos trés lavagens com TBS, mais 1% de Triton, as
seccOes foram incubadas a temperatura ambiente durante 1 h com anticorpos
secundarios anti-coelho biotinilado (1:500). As seccBes foram entdo lavadas em TBS
com Triton 1% e incubadas com um conjugado com peroxidase de estreptavidina
(1:500). A reagéo de peroxidase foi visualizada ao incubar as sec¢des em tampéo Tris,
contendo 0,5 mg/mL de 3,3'-diaminobenzidina (DAB) e 0,33 ul/mL de H,0,. Por fim,
as secOes foram montadas em ldminas de vidro, desidratadas em &lcoois graduados e

xileno, e cobertas com laminulas e Entellan®.

A andlise densitométrica do cortex cerebral e hipocampo (regido “cornus
Amoni” 1- CA1l) foi realizada bilateralmente para cada animal. O padrdo de

imunomarcacdo do hemisferio direito, que sofreu episodios repetidos de DAC, foi
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comparado com o do hemisfério esquerdo (controle). Em cada seccdo foram analisadas
fotomicrografias de quatro campos dentro do cortex parietal e trés campos na regido da
camada molecular do hipocampo, regido CA1, usando o software Image J (National
Institutes of Health, EUA; versdo 1.46r). Um microscopio Leica-LMG acoplado a uma
camera colorida de alta resolugdo Samsung (modelo SHC-410NAD) foi utilizada para
obtencdo das imagens digitais das secdes cerebrais. As imagens do cortex e hipocampo
foram obtidas com uma objetiva 20x. Para obtencdo das imagens digitais, foram
utilizadas as mesmas condic¢des de intensidade de luz, em todos os grupos. Como
parametros, foram analisadas a percentagem da area ocupada pelas células imuno-

marcadas, bem como a imunorreatividade total expressa em unidades arbitrarias.

3.8. Analise Estatistica

Os pesos corporal e cerebral, bem como a velocidade de propagacdo da DAC,
amplitudes e duracGes da sua variacdo lenta de voltagem foram comparadas entre os
grupos utilizando ANOVA seguido de um teste post hoc (Holm-Sidak), quando
indicado. A analise imuno-histoquimica quantitativa foi realizada utilizando ANOVA
de duas vias incluindo o fator tratamento (Salina, Ingénuo, L-1 e L-10) e hemisfério
controle e DAC como fatores, seguido de um teste post-hoc (Holm-Sidak), quando
indicado. O efeito de aplicacdo topica da lectina na velocidade de propagacdo da DAC
foi analisada através do teste t pareado comparando as velocidades da DAC antes e ap0s
o tratamento no mesmo animal. As diferengas foram consideradas significativas quando
P < 0,05. Todos os valores sdo apresentados no texto como média + desvio padrado. Foi

utilizado o software estatistico SigmaStat Versdo 3.10 para todas as analises.
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4. RESULTADOS

Os resultados pioneiros deste trabalho estdo contidos em dois artigos originais,
entitulados: Potential brain protective effect of the lectin from Canavalia ensiformis: an
electrophysiological and microglia labeling analysis in the rat (Apéndice A) e
Characterization of brain effects of the lectin from Canavalia ensiformis in adult rats
suckled in small and large litters: a spreading depression- and microglia
immunolabeling study (Apéndice B).
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5. CONSIDERACOES FINAIS

No presente estudo, nds identificamos as mudancgas eletrofisiologicas e microgliais
produzidas pela lectina ConA, da Canavalia ensiformis, no cortex de ratos. N0ssos
achados confirmam a efetividade da ConA em desacelerar a propagacdo da DAC e
reduzir o conteldo de Ibal-1 expresso na microglia. Demonstramos ainda que tais
efeitos também ocorrem em animais previamente amamentados em condi¢des de
lactacdo desfavoraveis (N12). Esses dois fatores (i.e., ConA e lactacdo desfavoravel)
parecem ser determinantes para a redugéo do peso corporal nas primeiras etapas de vida,
e para a alteracdo da DAC e da microglia relatados neste estudo. Esses dados reforgam
nossa hipotese inicial de que a administracdo da ConA durante o desenvolvimento
cerebral altera os processos cerebrais envolvidos nos efeitos eletrofisiologicos (DAC) e
imuno-histoquimicos observados.Uma vez que existem alteracBes na velocidade de
propagacdo da DAC, com a administracdo da ConA no periodo inicial da vida dos ratos,
bem como a reatividade microglial observada em animais adultos, n6s sugerimos que 0s

efeitos desta lectina séo permanentes, ou pelo menos de longa duracéo.

v' A administracdo sistémica da ConA nos primeiros dias de vida ndo afetou a
evolucdo ponderal e nem o peso encefalico dos animais, mas diminuiu a
velocidade de propagacdo da DAC e a imuno-marcagdo microglial, de modo
dose-dependente, na idade adulta, sem alteracdo da sua amplitude e duracéo;

v A condicdo desfavoravel de lactacdo (N12) ndo modulou o efeito da ConA sobre

a propagacdo da DAC, mas aumentou sua amplitude e reduziu sua duracéo;

v A aplicacdo tdpica da ConA também acarreta uma diminuicdo reversivel da

velocidade de propagacdo da DAC, demonstrando efeito direto dessa lectina;

v' A condicdo desfavoravel de lactacdo (N12) reduziu 0s pesos corporais e
encefalicos e aumentou a velocidade de propagacdo da DAC, em comparacao
com os correspondentes grupos N6, confirmando observacGes anteriores de

Nosso grupo e de outros autores.
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v A imunorreatividade da microglia neocortical e do hipocampo sao
diferencialmente diminuidas pela ConA, (diminui¢cdo maior no cértex do que no

hipocampo) quando comparado com 0s grupos controle;

v O hemisfério cerebral que sofreu a DAC apresentou maior imunorreatividade em
relacdo ao hemisfério contralateral, livre do fenémeno, o que sugere uma

ativacdo microglial induzida pela DAC.

Estes resultados contribuem para um melhor entendimento dos mecanismos
eletrofisioldgicos cerebrais e alteracdes histoldgicas induzida por lectinas e, a0 mesmo
tempo, contribuem no desenvolvimento de estratégias terapéuticas futuras com base no
desenvolvimento de novas-moléculas para aplicacdo em distarbios neuroldgicos

humanos, associados ou ndo a deficiéncias nutricionais.

O presente estudo, pioneiro nesse tema, permite-nos sugerir as seguintes

perspectivas:

Correlacionar a suplementacdo de antioxidantes (acido ascérbico), via gavagem,
e aplicacdo de lectina ConA (via Intraperitoneal) com seus efeitos eletrofisiologicos em
ratos sob condicGes favoraveis e desfavoraveis de Lactacdo. Os experimentos para essa

investigacdo ja estdo em andamento;

Prosseguir a andalise histoquimica referente a outros imuno-marcadores

neuronais e gliais;

Avaliar o efeito da aplicacdo topica simultdnea da lectina ConA +
Manose/Glicose + Glutamato. A elevada afinidade destes carboidratos com a lectina
poderia desloca-la dos seus sitios receptores no tecido neural e reverter seu efeito
protetor da Depressdo Alastrante Cortical. Este experimento poderia elucidar, a nivel

molecular, os efeitos da ConA sobre os parametros eletrofisiologicos;

Avaliar o efeito de outras lectinas, com afinidades por diferentes tipos

carboidratos, sobre a Depressdo Alastrante Cortical;

Investigar padrdes de comportamento de animais nas mesmas condicdes de

tratamento e de lactagdo (favoraveis e desfavoraveis).



36

REFERENCIAS

ABADIE-GUEDES, R; SANTOS, S. D; CAHU, T. B; GUEDES, R. C. A; BEZERRA,
R.S. Dose-dependent effects of astaxanthin on cortical spreading depression in
chronically ethanol-treated adult rats. Alcoholism: Clinical and Experimental
Research, v.32, n.8, p.1417-1421, 2008.

ALLEN, N. K; BOLWELL, G. P; BROWN, D. S; SIDEBOTTOM, C; SLABAS, A. R.
Potato lectin: a three-domain glycoprotein with novel hydroxyproline-containing
sequences and sequence similarities to wheat-germ agglutinin. The International
Journal of Biochemistry & Cell Biology, v.28, n.11, p.1285-1291, 1996.

AMANCIO-DOS-SANTOS, A: PINHEIRO, P. C .F; LIMA, D. S. C; OZIAS, M. G;
OLIVEIRA, M. B, GUIMARAES, N. X; GUEDES, R. C. A. Fluoxetine inhibits
cortical spreading depression in weaned and adult rats suckled under favorable and
unfavorable lactation conditions. Experimental Neurology, v.200, n.2, p.275-282,
2006.

ANDRADE, A. F. D; GUEDES, R. C. A; TEODOSIO, N. R. Enhanced rate of cortical
spreading depression due to malnutrition: prevention by dietary protein
supplementation. Brazilian Journal of Medical and Biological Research, v.23, n.9,
p.889-893, 1990.

ANZAI, J; KOBAYASHI, Y. Construction of multilayer thin films of enzymes by

means of sugarlectin interactions. Langmuir, v.16, n.6, p.2851-56, 2000.

ASHFORD, D; ALLEN, A. K; NEUBERGER, A. The production and properties ofan
antiserum to potato (Solanum tuberosum) lectin. Biochemistry Journal, v.201, n.3,
p.641- 645, 1982.

BERTOK, T: KLUKOVA, L:; SEDIVA, A: KASAK, P;: SEMAK, V: MICUSIK, M.
OMASTOVA, M; CHOVANOVA, L; VLCEK, M; IMRICH, R; VIKARTOVSKA, A.;



37

TKAC, J. Ultrasensitive Impedimetric Lectin Biosensors with Efficient Antifouling
Properties Applied in Glycoprofiling of Human Serum Samples. Analytical Chemistry,
v.85, n.15, p. 7324-7332, 2013.

BLOEM, K; VUIST, I. M; VAN DER PLAS, A. J; KNIPPELS, L. M. J; GARSSEN, J;
GARCIA-VALLEJO, J. J; VAN VLIET, S. J; VAN KOOYK, Y. Ligand Binding and
Signaling of Dendritic Cell Immunoreceptor (DCIR) Is Modulated by the Glycosylation
of the Carbohydrate Recognition Domain. Plos One, v.8, n.6, p.1-10, 2013.

BOEHM, S; HUCK, S. Presynaptic inhibition by concanavalin A: are alpha-latrotoxin
receptors involved in action potential-dependent transmitter release? Journal of
Neurochemistry, v.71, n.6, p.2421-30, 1998.

BORBA, J. M. C; ARAUJO, M. S; PICANCO-DINIZ, C. W. Permanent and transitory
morphometric changes of NADPH-diaphorase containing neurons in the rat visual

cortex after early malnutrition. Brain Research Bulletin, v.53, n.2, p.193-201, 2000.

BORN, J. M; MARTENS, M. J. I; LEMMENS, S. G. T; GOEBEL, R; WESTERTERP-
PLANTENGA, M.S. Protein v. carbohydrate intake differentially affects liking- and
wanting-related brain signalling. British Journal of Nutrition, v.109, n.2, p.376-381,
2013.

BURE, J; BURE.OVA, O; KRIVANEK, J. The Mechanisms and Applications of
Leao’s Spreading Depression of Eletroencephalografic Activity. Praga: Academia,
1974. 410p.

CABRAL-FILHO, J. E; TRINDADE-FILHO, E. M; GUEDES, R. C. A. Effect of
dfenfluramine on cortical spreading depression in rats. Brazilian Journal of Medical
and Biological Research, v.28, n.3, p.347-350, 1995.

CAGGIANDO, A. O.; KRAIG, R. P. Eicosanoids and nitric oxide influence induction of
reactive gliosis from spreading depression in microglia but not astrocytes. Journal of
Comparative Neurology, v.369, n.1, p.93-108, 1996.



38

CAMPOS, L. M; CAVALCANTI, C. L.; LIMA-FILHO, J. L.; CARVALHO, L. B. ;
BELTRAO, E. I. Acridinium ester conjugated to lectin as chemiluminescent

histochemistry marker. Biomarkers, v.11, n.5, p.480-4, 2006.

CAVADA, B. S; BARBOSA, T; ARRUDA, S; GRANJEIRO, T. B; BARRAL NETTO,
M. Purification, chemical, and imunochemical properties of a new lectin from
Mimosoidae. Prep. Biochemical & Biotecnology, v.30, n.4, p.271-280 2001.

COSTA-CRUZ, R. R. G.; GUEDES, R. C. A. Cortical spreading depression during
streptozotocin-induced hyperglycemia in nutritionally normal and early-malnourished
rats. Neuroscience Letters, v.303, n.3, p.177-180, 2001.

COSTA-CRUZ, R. R. G; AMANCIO-DOS-SANTOS, A; GUEDES, R. C. A.
Characterization of cortical spreading depression in adult well-nourished and
malnourished rats submitted to the association of pilocarpine-induced epilepsy
plusstreptozotocin-induced hyperglycemia. Neuroscience Letters, v.401, n.3, p.271-
275, 2006.

CUI, Y.; TAKASHIMA, T.; TAKASHIMA-HIRANO, M.; WADA, Y.; SHUKURI,
M.; TAMURA, Y.; DOI, H.; ONOE, H.; KATAOKA, Y.; WATANABE, Y. 11C-
PK11195 PET for the in vivo evaluation of neuroinflammation in the rat brain after
cortical spreading depression. The Journal of Nuclear Medicine, v.50, n.11, p. 1904-
1911, 20009.

DE LUCA, B; CIOFFI, L.A; BURES, J. Cortical and caudate spreading depression as
an indicator of neural changes induced by early malnutrition in rats. Activitas Nervosa
Superior, v. 19, n.2, p. 130-131, 1977.

DO CARMO, R. J; MARTINS-FERREIRA, H. Spreading depression of Leao probed
with ion-selective microelectrodes in isolated chick retina. Anais da Academia
Brasileira de Ciéncias, v.56, n.4, p.401-421, 1984.

DO MONTE-SILVA, K. K; ASSIS, F. L. D. N; LEAL, G. M. A; GUEDES, R.CA
Nutrition-dependent influence of peripheral electrical estimulation during brain



39

development on cortical spreading depression in weaned rats. Nutritional
Neuroscience, v.10, n. (3-4), p.187-194, 2007.

DOBBING, J. Vulnerable periods in developing brain. In: DAVISON A. N,
DOBBING J. Applied Neurochemistry. Oxford: Blackwell, 1968. p. 287-316.

EL-BACHA, R. S; LIMA-FILHO, J. L, GUEDES, R. C. A. Dietary antioxidant
deficiency facilitates cortical spreading depression induced by photo-activated
riboflavin. Nutrition Neuroscience; v.1, n.3, p.205-12, 1998.

EVERTS, I, PETROSKI R, KIZELSZTEIN, P, TEICHBERG, V. I, HEINEMANN, S.
F; HOLLMANN, M. Lectin-induced inhibition of desensitization of the kainate receptor
GIuR6 depends on the activation state and can be mediated by a single native or ectopic
N-linked carbohydrate side chain. Journal Neuroscience, v.19, n.3, p.916-927, 1999.

EVERTS, I; VILLMAN, C.; HOLLMANN, M. N-glycosylation is not a prerequisite for
glutamatereceptor function but is essential for lectin modulation. Molecular
Pharmacology, v.52, n.5, p.861-873, 1997.

FAY, A. M; BOWIE, D. Concanavalin-A reports agonist-induced conformational
changes in the intact GIuR6 kainate receptor. The Journal of Physiology, v.572, n.1,
p.201-13, 2006.

FRAZAO, M. F.; MAIA, L. M. S. S.; GUEDES, R. C. A. Early malnutrition, but not
age, modulates in the rat the L-Arginine facilitating effect on cortical spreading
depression. Neuroscience Letters, v.447, n.1, p.26-30, 2008.

GABIUS, H. J. Animal Lectins. European Journal of Biochemistry, v.243, n.3, p.543-
576, 1997.

GABIUS, H. J; ANDRE, S; KALTNER, H; SIEBERT, H. C. The sugar code:
functional lectinomics. Biochimica Et Biophysica Acta — General Subjects,
Amsterdam, v.1572, n. (2-3), p.165-177, 2002.



40

GAHMBERG, C. G. A; TOLVANEN, M. Why mammalian cell surface proteins are
glycoproteins. Trends in Biochemical Sciences, v.21, n.8, p.308-311, 1996.

GEMEINER, P; MISLOVICOVA, D; TKAC, J; SVITEL, J; PATOPRSTY, V;
HRABAROVA, E; KOGAN, G; KOZAR, T. Lectinomics Il. A highway to biomedical/
clinical diagnostic. Biotechnology Advances, v.27, n.1, p.1-15, 20009.

GORITYALA, B. K; LU, Z; LEOW, M. L; MA, J; LIU, X. Design of a “Turn-
Off/Turn-On” Biosensor: Understanding Carbohydrate-Lectin Interactions for Use in
Noncovalent Drug Delivery. Journal of the American Oil Chemists' Society, v.134,
n.37, p 15229-15232, 2012.

GORJI, A. Spreading depression: a review of the clinical relevance. Brain Research
Reviews, v.38, n. (1-2), p.33-60, 2001.

GRINBERG, Y. Y; MILTON, J. G.; KRAIG, R. P. Spreading depression sends
microglia on Lévy flights. PLoS One, v.6, n.4, p.1-9, 2011.

GUEDES, R. C. A. Electrophysiological methods: application in Nutritional
Neuroscience. In: Harris R. Lieberman, Robin Kanarek and Chandan Prasad. (Org).
Nutritional Neuroscience: Overview of an emerging field. 1 ed. New York: CRC
Press, 2005, 39- 54 p.

GUEDES, R. C. A; AMANCIO-DOS-SANTOS, A; MANHAES-DE-CASTRO, R;
COSTA-CRUZ, R. R. G. 2002. Citalopram has an antagonistic action on cortical
spreading depression in well-nourished and earlymalnourished adult rats. Nutrition
Neuroscience. v.5, n.2, p.115-123, 2002.

GUEDES, R. C. A; AMORIM, L. F; MEDEIROS, M. C; SILVA, A. T; TEODOSIO, N.
R. Effect of dietary lithium on cortical spreading depression. Journal of Medicine and
Biological Research, v.22, n.7, p.923-925, 19809.

GUEDES, R. C. A; ANDRADE, A. F. D; CABRAL-FILHO, J. E. Propagation of

cortical spreading depression in malnourished rats: facilitatory effect of dietary protein



41

deficiency. Journal of Medicine and Biological Research Brazilian, v.20, n.5, p.639-
642, 1987.

GUEDES, R. C. A; BARRETO, J. M. Effect of anesthesia on the propagation of
cortical spreading depression in rats. Brazilian Journal of Medicine and Biological
Research, v.25, n.4, p.393-397, 1992.

GUEDES, R. C. A; CAVALHEIRO, E. A. Blockade of spreading depression in chronic
epileptic rats: reversion by diazepam. Epilepsy Research, v.27, n.1, p.33-40, 1997.

GUEDES, R. C. A; DO CARMO, R. J. Influence of ionic alterations produced by
gastric washing on cortical spreading depression. Experimental Brain Research, v.39,
n.3, p.341-349, 1980.

GUEDES, R. C. A; FRADE, S. Effect of ethanol on cortical spreading depression.
Brazilian Journal of Medicine and Biological Research, v.26, n.11, p.1241-1244,
1993.

GUEDES, R. C. A; PEREIRA-DA-SILVA, M. S. Effect of pre- and postnatal
propylthiouracil administration on the propagation of cortical spreading depression of
adult rats. Brazilian Journal of Medicine and Biological Research, v.26, n.10, p.23-8,
1993.

GUEDES, R. C. A; SANTOS-MONTEIRO, J; TEODOSIO, N. R. Malnutrition and
brain functions: experimental studies using the phenomenon of cortical spreading
depression. Revista Brasileira de Biologia, v.56, n. (1-2), p.293-301, 1996.

GUEDES, R.C.A; VASCONCELOQOS, C.A. Sleep-deprivation enhances in adult rats the
antagonistic effects of pilocarpine on cortical spreading depression: a dose-response
study. Neuroscience Letters, v.442, n.2, p.118-122, 2008.

HARDMAN, K .D; AGARWAL, R. C; FREISER, M. J Manganese and calcium
binding sites of concanavalin A, The Journal of Molecular Biology, v 157, n.1, p.69-
86,1982.



42

HARDMAN, K. D: AINSWORTH, C. F. Structure of concanavalin A at 2.4-A
resolution. Biochemistry, v.11, n.26, p.4910-19, 1972.

HELMHOLZ, H.; CARTELLIERI, S.; HE L.; THIESEN, P.; NIEMEYER, B. Process
development in affinity separation of glycoconjugates with lectins as ligands. Journal
of Chromatography A, v.1006, n. (1-2), p.127-135, 2003.

HOFFMAN, K. B; KESSLER, M.; TA, J.; LAM, L.; LYNCH, G. Mannose-specific
lectins modulate ligand binding to AMPA-type glutamate receptors. Brain Research,
v.795, n. (1-2), p.105-111, 1998.

HUANG, C. L; HUANG, N. K; SHYUE, S. K; CHERN, Y. Hydrogen peroxide induces
loss of dopamine transporter activity: a calcium-dependent oxidative mechanism.
Journal of Neurochemistry, v.86, n.5, p.1247-59, 2003.

HUETTNER, J.E. Glutamate receptor channels in rat dorsal root ganglion neurons:
activation by kainate and quisqualate, and blockade of desensitization by concanavalin
A. Neuron, v. 5, p.255-266, 1990.

IKEGAMI, Y; NISHIO, H; FUKUDA, T; NAKATA, Y; SEGAWA. Effect of
concanavalin-A on intracellular calcium-concentration in single blood-platelets.
Journal Pharmacology, v.5, n.3, p.233— 241, 1991.

ISHIBASHI, S; KUROIWA, T; SAKAGUCHI, M; SUN, L; KADOYA, T; OKANO
H.Galectin-1 regulates neurogenesis in the subventricular zone and promotes functional

recovery after stroke. Experimental Neurology, v.207, n.2, p.302-13, 2007.

JACQUES, A. V; RIEGER, D. K; MAESTRI, M; LOPES, M. W; PERES, T. V,
GONCALVES, F. M. Lectin from Canavalia brasiliensis (ConBr) protects hippocampal
slices against glutamate neurotoxicity in a manner dependent of PI3K/Akt pathway.
Neurochemistry Internationa, v.62, n.6, p.836-42, 2013.

KARLSSON, K. A. Microbial recognition of target-cell glycoconjugates. Current
Opinion in Structural Biology, v.5, n.5, p.622-635, 1995.



43

KWANYOUNG, J; WONRYEON, C. H. O. Serial Affinity Chromatography as a
Selection Tool in Glycoproteomics. Analytical Chemistry, v.85, n.5, p.7125-7132,
2013.

LEAO, A. A. P. Spreading depression of activity in the cerebral cortex. Journal of
Neurophysiology, v.7, n.6, p.359-390, 1944.

LEAO, A. A. P. Spreading depression. In: PURPURA, D. P. et al (Org). Experimental
Models of Epilepsy, New York: Raven Press, 1972, 173-195 p.

LEHMENKUHLER, A; GROTEMEYER, K.H; TEGTMEIER, F. Migraine: Basic
Mechanisms and Treatment, Urban and Schwarzenberg, Munich, 1993, 355-366 p.
LEUBA, G; RABINOWICZ, T.Long-Term Effects of Postnatal Undernutrition and
Maternal Malnutrition on Mouse Cerebral-Cortex.1. Cellular Densities, Cortical
Volume and Total Numbers of Cells. Experimental Brain Research, v.37, n.2, p.283-
298, 1979.

LEY, H. Y; CHANG, C.P. "Lectin of Concanavalin A as an anti-hepatoma therapeutic
agent". Journal of Biomedical Science, v.16, n.1, p.1- 10, 20009.

LI, W; YU, J; XU, H; BAO, J. Concanavalin A: A potential anti-neoplastic agent
targeting apoptosis, autophagy and anti-angiogenesis for cancer therapeutics.
Biochemical and Biophysical Research Communications, v.414, n.2, p.282-86,
2011.

LIMA, C. B; SOARES, G. S. F; VITOR, S. M; ANDRADE-DA-COSTA, B. L;
CASTELLANO, B; GUEDES, R. C. Spreading depression features and Ibal
immunoreactivity in the cerebral cortex of developing rats submitted totreadmill
exercise after treatment with monosodium glutamate. International Journal of

Developmental Neuroscience. v.33, p.98-105, 2013.

LIMA, D. S. C; MAIA, L. M. S. S; BARBOZA, E. A; DUARTE, R. A; SOUZA, L. S;
GUEDES, R. C. A. L glutamine supplementation during the lactation period facilitates
cortical spreading depression in well-nourished and early-malnourished rats. Life
Sciences, v.85, n. (5-6), p.241-7, 20009.


http://www.ncbi.nlm.nih.gov/pubmed?term=Lima%20CB%5BAuthor%5D&cauthor=true&cauthor_uid=24374255
http://www.ncbi.nlm.nih.gov/pubmed?term=Vitor%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=24374255
http://www.ncbi.nlm.nih.gov/pubmed?term=Andrade-da-Costa%20BL%5BAuthor%5D&cauthor=true&cauthor_uid=24374255
http://www.ncbi.nlm.nih.gov/pubmed?term=Castellano%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24374255
http://www.ncbi.nlm.nih.gov/pubmed?term=Guedes%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=24374255

44

LIN, S. S; LEVITAN, I. B. Concanavalin A: a tool to investigate neuronal plasticity.
Trends Neuroscience, v.14, n.7, p.273-277, 1991.

LIS, H; SHARON, N. Lectins: carbohydrates specific proteins that mediate cellular
recognition. Chemical Reviews, v.98, n.2, p.637-674, 1998.

LIS, H; SHARON, N. Protein glycosylation—structural and functional aspects.
European Journal of Biochemistry, v.218, n.1, p.1-27, 1993.

LIU, F, PATTERSON, R. J; WANG, J. L. Intracellular functions of galectins.
Biochimica et Biophysica Acta, v.1572, n. (2-3), p.263-273, 2000.

MAHAN, L. K; ESCOTT-STUMP, S. Krause: Alimentos, Nutri¢do e Dietoterapia.
11 ed. S&o Paulo: Roca, 2005, 1242 p.

MAIA, L. M. S. S; FRAZAO, M. F; SOUZA, T. K. M; SILVA, M. B; ROCHA-DE-
MELO, A. P; PICANCO-DINIZ, C. W; GUEDES, R. C. A L-Arginine treatment early
in life influences NADPH-diaphorase neurons in visual cortex of normal and early
malnourished adult rats. Brain Research, v.1072, n.1, p.19-25, 2006.

MAIA, L. M; AMANCIO-DOS-SANTOS, A; DUDA-DE-OLIVEIRA, D; ANGELIM,
M. K; GERMANQO, P. C; SANTOS ,S. F; GUEDES, R. C. LArginine administration
during rat brain development facilitates spreading depressionpropagation: evidence for a

dose- and nutrition-dependent effect. Nutrition Neuroscience, v.12, n.2, p.73-80, 2009.

MARTINS-FERREIRA, H; DE OLIVEIRA, CASTRO, G; STRUCHINERC, J;
RODRIGUES, P.S. Circling spreading depression in isolated chick retina. Journal of
Neurophysiology, v.37, n.1, p.773-784, 1974.

MARTINS-FERREIRA, H; NEDERGAARD, M; NICHOLSON, C. Perspectives on
spreading depression. Brain Research Review, v.32, n.1, p. 215-234, 2000.


http://www.ncbi.nlm.nih.gov/pubmed?term=Maia%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=19356309
http://www.ncbi.nlm.nih.gov/pubmed?term=Amancio-dos-Santos%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19356309
http://www.ncbi.nlm.nih.gov/pubmed?term=Duda-de-Oliveira%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19356309
http://www.ncbi.nlm.nih.gov/pubmed?term=Angelim%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=19356309
http://www.ncbi.nlm.nih.gov/pubmed?term=Angelim%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=19356309
http://www.ncbi.nlm.nih.gov/pubmed?term=Germano%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=19356309
http://www.ncbi.nlm.nih.gov/pubmed?term=Santos%20SF%5BAuthor%5D&cauthor=true&cauthor_uid=19356309
http://www.ncbi.nlm.nih.gov/pubmed?term=Guedes%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=19356309

45

MAYER, M. L; VYKLICKY, L. Concanavalin A selectively reduces desensitization of
mammalian neuronal quisqualate receptors. Proceedings of the National Academy of
Sciences, v.86, n.4, p.1411-1415, 1989.

MEANEY, M. J; SZYF, M. Environmental programming of stress responses through
DNA methylation: life at the interface between a dynamic environment and a fixed

genome. Dialogues Clinic Neuroscience, v.7, n.2, p.103-123, 2005.

MIURA, R. M; HUANG, H; WYLIE, J. J. Cortical spreading depression: An enigma.
European Physical Journal, v.147, n.1, p.287-302, 2007.

MO, H; VAN DAMME, E. J. P; PEUMANS, W. J; GOLDSTEIN, I. J. Purification and
characterization of a mannose-specific lectin from sallot (Allium ascalonicum) bulbs;
Achieves of Biochemistry and Biophysics, v.306, n.2, p. 431-438, 1994.

MORGAN, B. L. G. Nutritional Requirements for Normative Development of the Brain
and Behavior. Annals of the New York Academy of Sciences, v.603, n.1, p.127-132,
1990.

MORGANE, P. J; BRONZINO, J. D; TONKISS, J; DIAZ-CINTRA, S; CINTRA, L;
KEMPER, T; GALLER, J. R Prenatal malnutrition and development of the
brain.Neuroscience and Biobehavioral Reviews, v.17, n.1, p.91-128, 1993.
MORGANE, P. J; MILLER, M; KEMPER, T; STEIN, W; FORBES, W; HALL R;;
BRONZINO, J.; KISSANE, J.; HAWRYLEWICZ, E.; RESNICK, O. The effects of
protein malnutrition on the developing central nervous system in the rat. Neuroscience
and Biobehavioral Reviews, v.2, n.3 p.137-230, 1978.

MORGANE, P. J; MOKLER, D. J; GALLER, J. R. Effects of protein malnutrition on
the hippocampal formation. Neuroscience and Biobehavioral Reviews, v.26, n.4,
p.471- 483, 2002.

NASCIMENTO, G. F. G; LOCATELLLI, J; FREITAS, P. C; SILVA, G. L. Brazilian
Journal of Microbiology, Séo Paulo, v.31, n.2, p.247-256, 2000.



46

NETTO, M; MARTINS-FERREIRA, H. Elicitation of spreading depression by rose
bengal photodynamic action. The Journal of Photochemistry and Photobiology. v.
50, n.2, p.229-34, 1989.

PARTIN, K. M; PATNEAU, D. K; WINTERS, C. A., MAYER, M. L; BUONANNO,
A. Selective modulation of desensitization at AMPA versus kainate receptors by
cyclothiazide and concanavalin A. Neuron, v.11, n.16, p.1069-1082, 1993.

PATERNAIN, A. V, RODRIGUEZ-MORENO, A, VILLARROEL, A; LERMA, J.
Activation and desensitization properties of native and recombinant kainate receptors.
Neuropharmacology, v.37, n. (10-11), p.1249-1259, 1998.

PEUMANS, W. J; VAN DAMME, E. J. M. Lectins as plant defense proteins. Plant
Physioly, v.109, n.2, p.347-352, 1995.

PEUMANS, W. J; ZHANG, W; BARRE, A; ASTOUL, C. A; BALINTI-KURTI, P. J;
ROVIRA, P; ROUGE, P; MAY, G. D; VAN LEUVEN, F; TRUFFA-BACHI, P; VAN
DAMME, E. J. M. Fruit-specific lectins from banana and plantain. Planta, Berlim,
v.221, n.6, p.546-554, 2000.

PROLL, J; PETZKE, J; EZEAGU, E.I; METGES, C.C. Low nutritional quality of
unconventional tropical crop seeds in rats. Journal of Nutrition, v.128, n.11, p.2014-
2022, 1998.

QU, W.S; WANG, Y.H; WANG, J.P; TANG, Y.X; ZHANG, Q; TIAN, D.S. Galectin-1
enhancesastrocytic BDNF production and improves functional outcome in rats

following ischemia. Neurochemistry Research, v.35, n.11, p.1716-24, 2010.

RATANAPO, S; NGAMJUNYAPORN, W; CHULAVATNATO, L, M. Interaction of a
mulberry leaf lectin with a phytopathogenic bacterium, P. Syringae pv mori. Plant
Science, v.160, n.4, p.739-744, 2001.



47

READ, S. J; PARSONS, A. A. Sumatriptan modifies cortical free radical release during
cortical spreading depression. A novel antimigraine action for sumatriptan? Brain
Research, v.870, n. (1-2), p.44-53, 2000.

RICHTER, F; LEHMENKUHLER, A. Cortical spreading depression (CSD): Ein
neurophysiologisches Korrelat der Migraneaura. Schmerz, v.22, n. 5, p.544-546, 2008.

ROCHA-DE-MELO, A. P; CAVALCANTI, J. B; BARROS, A. S; GUEDES, R. C. A.
Manipulation of rat litter size during suckling influences cortical spreading depression
after weaning and at adulthood. Nutritional Neuroscience, v.9, n. (3-4), p.155-160,
2006.

ROCHA-DE-MELO, A. P; GUEDES, R. C. A. Spreading depression is facilitated in
adult rats previously subimitted to short episodes of malnutrition during the lactation
period. Brazilian Journal of Medical and Biological Research, v.30, n.5, p.663-669,
1997.

RODEL, H. G; PRAGER, G; STEFANSKI, V; VON HOLST, D; HUDSON, R.
Separating maternal and litter-size effects on early postnatal growth in two species of

altricial small mammals. Physiology Behavior, v.93, n. (4-5), p.826-834, 2008.

SAKAGUCHI, M; ARRUDA-CARVALHO. M; KANG, N. H; IMAIZUMI, Y,
POIRIER, F; OKANO, H. Impaired spatial and contextual memory formation in
galectin-1 deficient mice. Molecular Brain, v.4, n.33, p.1-10, 2001.

SAKAGUCHI, M; SHINGO, T; SHIMAZAKI, T, OKANO, H .J; SHIWA, M,
ISHIBASH, I. S. A carbohydrate binding protein, Galectin-1, promotes proliferation of
adult neural stem cells. Proceedings of the National Academy of Sciences, v.103,
n.18, p.7112-7, 2006.

SANTOS-MONTEIRO, J. S. Nutricéo, Privacdo Sensorial Especifica e Plasticidade
Cerebral. Recife: UFPE, 2000. Tese de doutorado, Universidade Federal de
Pernambuco, 2002. 96 p.



48

SANTOS-MONTEIRO, J; TEODOSIO, N. R; GUEDES, R. C. A.. Long-lasting effects
of early environmental stimulation on cortical spreading depression in normal and early

malnourished adult rats. Nutritional Neuroscience, v.3, n.1, p.29-40, 2000.

SASAKI, T; HIRABAYASHI, J, MANYA, H; KASAI, K; ENDO, T. Galectin-1
induces astrocyte differentiation, which leads to production of brain-derived

neurotrophic factor. Glycobiology, v.14, n.4, p.357-63, 2004.

SCHERER, W. J; UDIN, S. B. Concanavalin A reduces habituation in the tectum of the
frog. Brain Research, v.667, n.2, p.209-15, 1994.

SHARON, N. Carbohydrate-lectin interactions in infectious disease. Advances in

experimental medicine and biology, v.408, n.2, p.1-8, 1996.

SHARON, N; LIS, H. Lectins as Cell Recognition Molecules. Science, v.246, n.4927,
p.227-234, 1989.

SHARON, N; LIS, H. Lectins. Second Edition. Dordresh/Netherlands. Kluwer
Academic Publishers, 2003, 454p.

SIESJO, B. K; BENGTSSON, F. Calcium Fluxes, Calcium Antagonists, and Calcium-
Related Pathology in Brain Ischemia, Hypoglycemia, and Spreading Depression: A
Unifying Hypothesis. Journal of Cerebral Blood Flow & Metabolism, v.9, p.127-
140, 1989.

TENORIO, A. S; MOURA, F. R; SILVA, L. P; GUEDES, R. C. Lasting facilitatory
effects of neonatal vibrissae removal on the propagation of corticals preading
depression: an electrophysiological study in well-nourished and early-malnourished
adult rats. Nutrition Neuroscience, v.12, n.6, p.281-8, 20009.

THALHAMMER, A; EVERTS, I; HOLLMANN, M. Inhibition by lectins of glutamate
receptor desensitization is determined by the lectin’s sugar specificity at kainate but not
AMPA receptors. Molecular and Cellular Neuroscience, v.21, n.4, p.521-33, 2002.


http://www.ncbi.nlm.nih.gov/pubmed?term=Ten%C3%B3rio%20Ada%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19925722
http://www.ncbi.nlm.nih.gov/pubmed?term=Moura%20FR%5BAuthor%5D&cauthor=true&cauthor_uid=19925722
http://www.ncbi.nlm.nih.gov/pubmed?term=Silva%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=19925722
http://www.ncbi.nlm.nih.gov/pubmed?term=Guedes%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=19925722

49

VAN DAMME, E. J; PEUMANS, W. J; BARRE, A; ROUGE, P. Plant lectins: a
composite of several distinct families of structurally and evolutionary related proteins
with diverse biological roles. Critical Reviews in Plant Sciences, v.17, n.6, p.575-692,
1998.

VARKI, A. Biological roles of oligosaccharides: all of the theories are correct.
Glycobiology, v.3, n.2, p.97-130, 1993.

VARKI, A; MARTH, J. Oligosaccharides in vertebrate development. Seminars in Cell
and Developmental Biology, v.6, n.2, p.127-138, 1995.

VASCONCELOS, C. A. C; DE OLIVEIRA, J. A, DE OLIVEIRA, COSTA, T. LA,
GUEDES, R. C. Malnutrition and REM-sleep Deprivation Modulate in Rats the
Impairment of Spreading Depression by a Single Subconvulsing Dose of Pilocarpine.
Nutritional Neuroscience, v.7, n.3, p.163-170, 2004.

VASCONCELOQOS, S. M. M; LIMA, S. R; SOARES, P. M; ASSREUY, A. M. S; DE
SOUSA, F. C. F; LOBATO, R. F. G; VASCONCELGOQS, G. S; SANTI-GADELHA, T;
BEZERRA, E. H. S; CAVADA, B. S. Central action of Araucaria angustifolia seed
lectin in mice. Epilepsy & Behavior, v.15, n.4, p.291-293, 2009.

WONG, L. A; MAYER, M. L. Differential modulation by cyclothiazide and
concanavalin A of desensitization at native alpha-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid- and kainate-preferring glutamate receptors. Molecular
Pharmacology, v.44, n.3, p.504-510, 1993.

XIMENES-DA-SILVA, A.; GUEDES, R. C. A. Differential effect of changes in blood
glucose levels on the velocity of propagation of cortical spreading depression in normal
and malnourished rats. Brazilian Journal of Medical and Biological Research, v.24,
n.12, p.1277-1281, 1991.

XU, X; WEI, H; DONG, Z; CHEN, Y; TIAN, Z. The differential effects of low dose
and high dose concanavalin A on cytokine profile and their importance in liver injury.
Inflammation, v.55, n.4, p.144 52, 2006.



50

XUE, J; GAO, Y; HOORELBEKE, B; KAGIAMPAKIS, I; ZHAO, B; DEMELER, B;
LIWANG, P.J. The Role of Individual Carbohydrate-Binding Sites in the Function of
the Potent Anti-HIV Lectin Griffithsin. Molecular Pharmaceutics, v.9, n.9, p.2613—
2625, 2012.

YOSHIOKA, H; YOSHIDA, A; OKANO, S; YAMAZOE, I; NISHIKI, T; KOTANI,
H; SAWADA, T; KUSUNOKI, T. Effects of Early Undernutrition and Subsequent
Nutritional Rehabilitation on Brain-Development.1: The Most Critical Period.
Developmental Brain Dysfunction, v.8, n.1, p.66-72, 1995.

YUE, K. T; MACDONALD, J. F; PEKHLETSKI, R; HAMPSON, D.R. Differential
effects of lectins on recombinant glutamate receptors. European Journal of
Pharmacology. v.291, n.3, p.229-235, 1995.

YUKIJI, K; FUJIIMOTO; DAVID, F; GREEN. Carbohydrate Recognition by the
Antiviral Lectin Cyanovirin-N. Journal of the American Oil Chemists' Society,
v.134, n.48, p.19639-19651, 2012.

ZHANG, W; PENG, B; TIAN, F; QIN, W; QIAN, X. Facile Preparation of Well-
Defined Hydrophilic Core-Shell Upconversion Nanoparticles for Selective Cell
Membrane Glycan Labeling and Cancer Cell Imaging. Analytical Chemistry, v.86,
n.1, p.482-489, 2014.

ZHOU, N.; GORDON, G. R. J.; FEIGHAN, D.; MACVICAR, B. A. Transient
swelling, acidification, and mitochondrial depolarization occurs in neurons but not
astrocytes during spreading depression. Cerebral Cortex, v.20, n.11, p. 2614-2624,
2010.


http://www.springer.com/chemistry/industrial+chemistry+and+chemical+engineering/journal/11746

APENDICES

51



52

Apéndice A-

Artigo submetido para a revista European Journal of Pharmacology, sob
namero EJP-39311 (Anexo A).

Potential brain protective effect of the lectin from Canavalia
ensiformis: an electrophysiological and microglia labeling

analysis in the rat

alp

-_.._._..._‘.'.':_"——

.

Georgia Sousa Ferreira Soares, Cassia B Lima, Liliane C Cabral, Nadia Villacampa,

Bernardo Castellano, Rubem C.A. Guedes*



53

Potential brain protective effect of the lectin from Canavalia

ensiformis: an electrophysiological and microglia labeling analysis in
the rat

Georgia de Sousa Ferreira Soares®, Cassia Borges Lima® Liliane Cabral Cavalcanti®,

NadiaVillacampa®, Bernardo Castellano®, Rubem Carlos Aralijo Guedes®

Department of Nutrition, Universidade Federal de Pernambuco, 50670901, Recife,

Brazil

®Unit of Medical Histology, Autonomous University of Barcelona, 08193, Bellaterra,

Spain

* Corresponding author:

Department of Nutrition, Universidade Federal de Pernambuco, 50670901, Recife,
Brazil.

E-mails: rguedes@ufpe.br ; guedes.rca@gmail.com.

Phone: +55-81-21268936

Fax: +55-81-21268473



54

Abstract

The lectin concanavalin A (ConA) is a carbohydrate-binding protein extracted from the
leguminous Canavalia ensiformis with several biological activities, including the
modulation of immunological and electrophysiological properties of the brain. Here we
characterized, in the rat, the action of ConA on the brain excitability-dependent
phenomenon known as cortical spreading depression (CSD), and on microglia
immunolabeled with a polyclonal antibody against ionized calcium-binding adapter
molecule 1 (Ibal). Rat pups (5—24 days old) were treated intraperitoneally with 1 mg/kg
or 10 mg/kg ConA (groups L1 and L10, respectively), or with an equivalent volume of
saline solution (group Sal), or no treatment (group Naive). At 90-120 days of age, CSD
was elicited in the frontal cortex with 2% KCI and recorded at two parietal points for 4
h. The velocity of propagation, amplitude, and duration of the negative potential change
of the CSD wave were calculated. Fixative-perfused brain sections were immunolabeled
with anti-lbal antibodies to quantify microglia. Systemic ConA treatment dose-
dependently decreased the CSD propagation velocity (p<0.05), with similar amplitude
and duration of the CSD negative slow potential shift. In an additional group, topical
application of ConA to the cortical surface also reversibly reduced CSD propagation
(p<0.05). Microglia immunolabeling was enhanced in the hemisphere experiencing
CSD, and attenuated in rats treated with ConA. Results support the hypothesis that the
lectin ConA impaired CSD propagation and reduced Ibal-labeling, highlighting the

importance of lectin as molecules with potential brain protective action.

Keywords: lectin, ConA, brain electrophysiology, microglia
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Introduction

Lectins constitute a wide group of structurally diverse glycoproteins of non-
immune origin, present in plants, animals, and fungi. The biosignaling properties of
glycoproteins enable them to perform key roles in the brain development, mainly
associated with neuroplasticity and synaptic modulation (Best et al., 2010; Kato, 2007,
Matthies et al., 1999), and thus can be modulated by lectin coupling.

Concanavalin A (ConA) is one of the most studied lectins. It is a tetrameric
molecule (Fig. 1) that is obtained from the seeds of Canavalia ensiformis, and was the
first lectin to be isolated and have its three-dimensional structure characterized
(Hardman and Ainsworth, 1972; Reeke et al., 1975). ConA can bind specifically to
different membrane receptors containing mannose and glucose residues (Li et al., 2011),
regulating several physiological events in the mammalian nervous system, such as
neuroplasticity (Kirner et al., 2003), inhibitory effect on 5-HT transport (Ikegami et al.,
1991) and sympathetic neurons (Boehm and Huck, 1998), and dopamine transporter
desensitization (Huang et al., 2003). Concerning its immunological effect, ConA exerts
dose-dependent immunomodulation, which depends on changes in the balance between

pro-inflammatory and anti-inflammatory cytokines (Xu et al., 2006).

Please insert Figure 1 about here

Given the above facts, it is reasonable to suppose that lectins might modulate the
electrophysiological properties of neurons, as well as events related to cell
communication, differentiation, and proliferation. The lectin from Araucaria

angustifolia reportedly has a protective effect against hyper-excitability in the
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pentylenetetrazole- and strychnine-induced seizure models (Vasconcelos et al., 2009).
Therefore, we decided to investigate the effect of ConA on the excitability-related
phenomenon known as cortical spreading depression (CSD; Le&o, 1944). CSD has been
associated with important human diseases, such as migraine (Rogawski, 2008), brain
ischemia (Busija et al., 2008), and epilepsy (Guedes and Cavalheiro, 1997). The
phenomenon was initially described by Ledo (1944) as a reversible response of the
cerebral cortex provoked by stimulation of the cortical tissue. This response is
characterized by a marked diminution of the cortical electrical activity lasting 1-2 min.
CSD is dependent on neuron-glia interactions and can be affected by several conditions,
including pharmacological and nutritional manipulations (Amancio-dos-Santos et al.,
2013; Rocha-de-Melo et al., 2006). Drugs or experimental conditions that facilitate or
impair the brain's ability to trigger and propagate CSD might be helpful to
understanding the electrophysiological processes dependent on brain excitability and
related diseases (Ledo, 1972; Guedes et al., 2009; Dreier, 2011). Using CSD as a
neurophysiologic parameter and Ibal immunolabeling as a tool to detect changes in
microglia, we investigated in the rat the neural effects of treatment with ConA.
Specifically, this work aimed to determine whether treatment with ConA during the
suckling period would influence CSD propagation in adult animals. We tested two
routes of administration: systemic (intraperitoneal), and topical (on the intact dura
mater). We also examined how early administration of ConA affects microglia by

analyzing Ibal immunolabeled cells in the cortex and hippocampus of adult rats.

Materials and Methods

Animals
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Male Wistar rat pups (n=42) were handled in accordance with the norms of the
Ethics Committee for Animal Research of the Universidade Federal de Pernambuco,
Brazil (Approval Protocol n° 23076.031272/2010-53), which complies with the
“Principles of Laboratory Animal Care” (National Institutes of Health, Bethesda, MD).
The animals were housed in polypropylene cages (51%x35.5%18.5 cm) in a room with
temperature maintained at 22+1°C with a 12:12-h light—dark cycle (lights on at 7:00
a.m.), and with free access to water and a lab chow diet with 23% protein (Purina do

Brazil Ltd.).

Experimental Groups and Systemic Lectin Treatment

Four groups of animals were formed. The naive group received no treatment (Nv
group; n=11). The other three groups were treated intraperitoneally with 1 mg/kg/day
lectin ConA (L1 group; n=11), 10 mg/kg/day ConA (L10 group; n=10), or an equivalent
volume of saline solution (NaCl 0.9%; Sal group; n=10). Pure lectin ConA was
purchased from Sigma (St. Louis, MO). Injections were applied daily from the 5" to the

24™ postnatal day.

Cortical Topical ConA Treatment

In another group of adult rats (postnatal days 90-120; n=8), after a 1-h baseline
CSD recording, lectin solution (1 mg/ml) was topically applied to the intact dura mater.
Lectin application was performed three times during three consecutive, KCl-elicited
CSD episodes, in order to treat the two circular cortical regions (3—4 mm diameter)
where the recording electrodes were located. The lectin solution was applied during the

last 10 min of the 20-min interval between two consecutive KCI stimulations. At the
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end of each 10-min topical lectin application, the treated region was dried with a piece
of cotton. After that, SD was elicited by KCI (CSD recording below).

After the effect of ConA had been documented, the topically treated region was
flushed with saline and three subsequent CSD episodes were elicited and recorded to
document the recovery of CSD features. CSD propagation velocities recorded after the
topical application of lectin were compared with the mean values obtained from the
same animals during the baseline period.

Topical application of the vehicle (saline) was completed immediately before

lectin treatment in order to provide an additional control.

CSD Recording

In all groups, CSD was recorded at adult age (postnatal days 90-120) for a 4-h
period. During the recording session, rectal temperature was continuously monitored
and maintained at 37+1°C with a heating blanket. Under anesthesia (1 g/kg urethane
plus 40 mg/kg chloralose, intraperitoneal), three trephine holes (2-3 mm diameter) were
drilled on the right side of the skull. In the first hole, on the frontal bone, CSD was
triggered at 20-min intervals by applying a cotton ball (1-2 mm diameter) soaked in 2%
KCI solution for 1 min. The slow potential change, typical of the propagating CSD
wave, was recorded at the two parietal points on the cortical surface using a pair of
Ag/AgCI agar-Ringer electrodes separated by a fixed distance for each pair (4-5.5 mm
for different pairs). These electrodes are plastic conic pipettes (5 cm length, 0.5 mm tip
inner diameter) filled with Ringer solution and solidified with the addition of 0.5% agar,
into which a chlorided silver wire was inserted. A third electrode of the same type was

placed on the nasal bones and used as a common reference. For all CSD episodes, we
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calculated the amplitude and duration of the negative slow potential shifts of the CSD

waves, as previously described (Lima et al., 2013).

Body Weights
Body weights were measured at postnatal days 7, 14, 21, 30, 60, and 90. Brains

were weighed on the day of CSD recording.

Ibal Immunolabeling of Microglia

Sixteen rats from the four experimental groups (n=4 from each group) were
perfused with 0.9% saline solution followed by 4% paraformaldehyde diluted in 0.1 M
phosphate-buffered saline, pH 7.4. After being immersed in the fixative for 4 h, the
perfused brains were transferred to a 30% (w/v) sucrose solution for cryoprotection.
Longitudinal serial sections (30-um thickness) were obtained at -20°C with a cryoslicer
(Leica-1850). Sections were immunolabeled with a polyclonal antibody against the
ionized calcium-binding adapter molecule 1 (Ibal) to detect microglia (anti-lbal, #019-
19741; Wako Pure Chemical Industries Ltd., Osaka, Japan). Free-floating sections were
subjected to endogenous peroxidase blocking (2% H202 in 70% methanol for 10 min);
then, sections were incubated for 1 h in blocking buffer solution (BB) containing 0.05
M Tris-buffered saline (TBS), pH 7.4; 10% fetal calf serum; 3% bovine serum albumin;
and 1% Triton X-100. Next, sections were incubated overnight at 4°C with rabbit anti-
Ibal (1:1,500 diluted in BB solution). After three washes with TBS plus 1% Triton,
sections were incubated at room temperature for 1 h with biotinylated anti-rabbit
(1:500) secondary antibodies. Sections were then rinsed in TBS plus 1% Triton and
incubated with horseradish peroxidase-conjugated streptavidin (1:500). The peroxidase

reaction was visualized by incubating the sections in Tris buffer containing 0.5 mg/ml 3,
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3'-diaminobenzidine (DAB) and 0.33 ul/ml H,O,. Finally, sections were mounted,
dehydrated in graded alcohols and xylene, and coverslipped in Entellan®.
Densitometric analysis of the cerebral cortex was performed bilaterally for each animal.
The immunolabeling pattern of the right hemisphere, which suffered repeated episodes
of CSD, was compared with that of the left hemisphere (control). In each section, we
analyzed photomicrographs of four fields within the parietal cortex and three fields
within the hippocampal CA1 molecular layer region using Image J software (National
Institutes of Health, USA,; version 1.46r). A Leica-DMLS microscope coupled to a
Samsung high-level color camera (model SHC-410NAD) was used to obtain digital
images from brain sections. Images from the parietal cortex immunoreacted for Ibal
were obtained with a 20x microscope objective. Care was taken to obtain the digital
images using the same light intensity conditions. We analyzed the percentage of the area
occupied by Ibal-labeled cells, as well as their total immunoreactivity expressed in

arbitrary units.

Statistics

Body and brain weights, as well as CSD propagation rates, amplitudes, and
durations, were compared between groups using one-way ANOVA followed by a post
hoc (Holm-Sidak) test when indicated. Quantitative immunohistochemical analysis was
performed using two-way ANOVA including treatment (Saline, naive, L1, and L10)
and hemisphere (control and CSD hemisphere) as factors, followed by a post hoc
(Holm-Sidak) test when indicated. The effect of topical lectin application on the
velocity of CSD propagation was analyzed using the paired t-test comparing CSD

velocities before and after treatment in the same animal. Differences were considered
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significant when P<0.05. All values are presented in the text as mean =+ standard

deviations. The Sigmastat® version 3.10 statistical software was used for all analysis.

Results
Body and Brain Weights

Saline-treated and naive animals displayed similar body weights. At the 21st
postnatal day, significant weight loss was observed in animals subjected to L10 (but not
L1) treatment, compared with the saline and naive controls (Fig. 2A,B). Lectin

treatment did not affect the brain weights of adult animals (Fig. 2C).

Please insert Figure 2 about here

Early Systemic Lectin Treatment and CSD Propagation

In all groups, the stimulation of a circular area (2-3 mm diameter) of the frontal
cortical surface with 2% KCI for 1 min consistently elicited one CSD episode, which
propagated and was recorded by the two recording electrodes (marked as 1 and 2 in Fig.
3C). We observed that in all recordings the CSD slow potential change returned to the
baseline value after 1-2 min (Fig. 3A). In the adult rat (90-120 days old), early
systemic treatment with 1 mg/kg and 10 mg/kg lectin resulted in longer latencies for a
CSD wave to cross the interelectrode distance compared with the saline and naive
conditions (Fig. 3A, dashed lines). For each group, the CSD velocity of propagation was
calculated as a mean of 10 to 12 consecutive CSD episodes elicited at 20-min intervals
in each animal. The mean CSD velocities are shown in Figure 3B.

Early systemic lectin treatment resulted in a statistically significant decrease of

CSD velocity compared with the saline-treated group, which was similar to the naive
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group. At 90-120 postnatal days, CSD velocities (mean + standard deviation, in
mm/min) were: Sal, 3.41+0.10; Nv, 3.40£0.09; L1, 3.12+0.14; and L10, 2.82+0.18.
CSD velocity was reduced in a dose-dependent manner in the lectin-treated groups

(p<0.05).

Please insert Figure 3 about here

Duration and Amplitude of CSD Waves

Table 1 lists the durations and amplitudes of CSD waves of naive, saline-treated,
and lectin-treated (L1 and L10) groups measured at the two recording points (point 1
and point 2) in the parietal cortex. ANOVA revealed no significant between-group or
between-point differences in duration or amplitude, indicating that there were no
changes in the profile of the propagating wave. The mean amplitudes (in mV) were: Nv,
10.53 £ 2.89; Sal, 10.89 £ 3.74; L1, 10.10 + 3.07; and L10, 9.11 + 3.30 for point 1; and
Nv, 10.01 + 2.98; Sal, 10.99 + 3.40; L1, 11.75 £ 3.72; and L10, 11.79 + 2.52 for point 2.
The durations (in s) for the controls Nv and Sal, and for L1 and L10 groups were: Nv,
57.52 + 8.86; Sal, 57.36 + 6.68; L1, 57.27 £ 6.31; and L10, 57.86 % 5.26 for point 1; and

Nv, 59.06 + 6.18; Sal, 58.59 + 6.89; L1, 59.57 = 7.64; and L10, 57.59 + 6.54 for point 2.

Please insert Table 1 about here

Topical Cortical Lectin Treatment
Figure 4 shows the effect of topical cortical treatment of adult rats with ConA (1
mg/mL). Initially, we elicited three CSD episodes at 20-min intervals and determined

that the baseline velocity of CSD propagation was 3.31+0.08 mm/min. This was
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followed by three CSD episodes under the action of ConA applied topically to recording
point 1; the mean CSD velocity fell to 2.79+0.19 mm/min (p<0.05). Finally, we
removed the lectin and recorded three more CSD episodes (recovery period), during
which the CSD velocity increased to 3.21+0.07 (p<0.05). After documenting the
recovery from the effect of ConA application at recording point 1, we applied ConA to
recording point 2; the CSD velocity decreased to 2.88+0.28 mm/min (p<0.05). After
removing ConA from point 2, we elicited three more CSD episodes (recovery period),

during which the CSD velocity increased to 3.17+£0.23 mm/min (p<0.05).

Please insert Figure 4 about here

Ibal Immunohistochemistry and Densitometric Analysis

Figure 5 depicts representative photomicrographs of specific immunolabeling of
the calcium-binding protein Ibal in the microglial cells of the parietal cortex (n=4) and
the CA1 region of the hippocampus (n=4) from adult rats treated systemically early in
life with no injection (naive group), saline solution, and ConA (1 mg/kg, L1; or 10
mg/kg, L10). Quantitative analysis of both hemispheres revealed an interhemispheric
difference: the hemisphere in which CSD was elicited was more reactive than the
contralateral hemisphere (Fig. 6). The same interhemispheric difference was observed in
the hippocampus, although it was smaller than the difference observed in the neocortex.
Compared with the controls, animals treated with 10 mg/ml ConA presented with a
lower percentage of labeled area and lower immunoreactivity (expressed in arbitrary

units) in both the parietal cortex and the hippocampal CAL region.

Please insert Figures 5 and 6 about here
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Discussion

We electrophysiologically identified in vivo neural activity changes produced in
rats by applying the lectin ConA during a critical period of nervous system
development. We also immunohistochemically demonstrated changes in 1bal-
containing microglia. Our findings indicate that ConA applied during development
impaired CSD propagation, as indicated by reduced CSD velocities and reduced Ibal
immunolabeling of microglia. We suggest that intraperitoneal ConA injections early in
development led to CNS alterations that are involved (at least in part) in our described
impairment of CSD propagation and microglia reaction.

Lectin treatment was associated with a body weight reduction at 21 postnatal
days that recovered from 30 days onwards. No intergroup weight difference was
detected when the rats reached adulthood. In the rat, the suckling period is a critical
phase for brain structural and functional maturation. This period is characterized by the
rapid execution of brain developmental processes, including gliogenesis, neuronal
migration, and myelination (Rocha-de-Melo et al., 2006). It represents the synaptogenic
period, equivalent to the human synaptogenic stage during the third trimester of prenatal
development (Dobbing, 1968; Morgane et al., 1978, 1993). Changes in the Ibal
immunolabeling pattern observed in the present study indicate that the lectin ConA
might have altered glial development, despite the absence of brain weight changes.

The glial cell appears to participate in the resistance that the cortical tissue
normally presents to CSD propagation (Largo et al., 1997). Cortical resistance to CSD
can be reduced or augmented through experimental manipulations that result in higher
or lower propagation velocities, respectively (Guedes, 2011; Rocha-de-Melo et al.,

2006). Determining the velocity of CSD propagation under CSD-facilitating or CSD-
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impairing conditions is a simple and useful method for estimating brain CSD
susceptibility and understanding the electrophysiological processes that underlie brain
excitability changes and related diseases (e.g., epilepsy) (Ledo, 1972; Guedes and
Cavalheiro, 1997; Guedes et al., 2009). The present data implicate ConA treatment as a
CSD-impairing condition. Intraperitoneal ConA treatment is the assumed cause of the
here-described diminution of CSD propagation and microglial changes. This causal link
cannot be attributed to injection stress because the saline-injected control groups did not
present with those alterations. In addition, the treatment-naive group, which did not
undergo injection, presented with CSD and microglial features similar to the saline-
treated controls. Moreover, one additional group that was subjected to CSD recording
during topical cortical ConA application displayed changes in CSD propagation
velocity comparable to the groups that were systemically treated with ConA. Therefore,
it is reasonable to hypothesize that exposure to ConA led to cerebral alterations that are
involved, respectively, in the impairment of CSD propagation and the reduced
microglial reaction.

The mechanisms involved in the effects of ConA on the CSD are not yet fully
understood. One possibility that deserves specific comment is the modulation of one or
more neurotransmitter systems, as suggested regarding lectins from Araucaria
angustifolia (\Vasconcelos et al., 2009) and Canavalia brasiliensis (Jacques et al., 2013).
The modulating properties of ConA in the carbohydrates of cell membranes may have
participated in the deceleration of CSD in both systemically and topically ConA-treated
animals. ConA is able to modulate glutamatergic receptors in presynaptic neurons (Fay
and Bowie, 2006; Yue et al., 1995), and can also bind to NMDA-type (Meng et al,
2005; Pahl, 1999), AMPA-type (Kudus et al, 2000; Uemura and Gandhi, 2001), and

Kainate-type (Grutz, 2005; Meng et al, 2005; Nishikage et al, 1999) glutamatergic
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receptors. A similar lectin-glutamate system interaction has been recently reported for a
lectin from Canavalia brasiliensis that protects hippocampal slices against glutamate
neurotoxicity (Jacques et al., 2013). Interestingly, the modulation of glutamatergic
receptors (Guedes et al, 1988; Lima et al., 2013; Marrannes et al., 1988) and glial
activity (Larrosa et al., 2006) can influence the CSD phenomenon.

Concerning Ibal-containing microglia, we observed a decrease in
immunoreactivity associated with systemic lectin administration. I1bal protein is
restricted to microglia both in vitro and in vivo, and is involved in regulating microglial
function (especially in activated cells) in response to various environmental stimuli;
Ibal is upregulated in nerve injury, CNS ischemia, and several other brain diseases (Ito
et al., 1998; Pérez-Alvarez et al., 2012). As recently reported by others (Pérez-Alvarez
et al., 2012) regarding the effects of estradiol on the microglia, we observed that the
attenuating effects of ConA on Ibal immunolabeling were more pronounced in the
neocortex than in the hippocampus, which suggests an inter-regional difference in terms
of microglial sensitivity. In addition, comparing Ibal immunoreactivity between
hemispheres revealed higher levels in the hemisphere that was subjected to CSD, which
suggests modulation of the microglial reaction by CSD. Again, this effect was more
intense in the cortex than in the hippocampus, as expected. Recently, we verified that
microglia in the rat neocortex is dosedependently activated by systemically treating the
animals with a harmful dose of monosodium glutamate (Lima et al, 2013). In that study,
in addition to enhancing microglial labeling, monosodium glutamate accelerated CSD.
In the present study, we observed an opposite effect (i.e., ConA decreased microglial
activation and decelerated CSD), which may suggest neuroprotection. In agreement
with this hypothesis, microglial activation is reduced as part of the anti-inflammatory

action of docosahexaenoic acid after focal ischemia (Chang et al., 2013). Interestingly,
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lower doses of ConA are associated with the release of the anti-inflammatory cytokines
IL-6 and IL-10 (Xu et al., 2006).

The possible relevance of the present findings to human health deserves some
comment in relation to the protective action of lectins via the glutamatergic system
(Jacques et al., 2013). Glutamate is one of the principal mediators in the CNS;
approximately 80% of all synapses are glutamatergic (Russi et al., 2012). Excessive
glutamatergic activation can result in excitotoxicity, with subsequent neuronal cell
death, and both processes can be involved in several neurological diseases. In this
context, molecules that impede the excessive activation of glutamatergic receptors, or—
even better—prevent glutamate release can become important tools to prevent
pathological neuronal cell death; this seems to be the case regarding lectins (Jacques et
al., 2013). Our findings stress the importance of continuing to search for the molecular
mechanisms underlying the effects of ConA on the brain’s electrophysiological and
microglial properties. It would also be pertinent to investigate the effects of other
carbohydrate-binding lectins on CSD and microglial cell features.

In summary, this study documents a novel action of ConA on the CSD
phenomenon and Ibal-containing microglia. The results allow us to draw the following
four primary conclusions: first, systemic treatment with ConA dose-dependently
impairs CSD propagation; second, topical application of ConA also reversibly
decelerates CSD; third, the neocortical and hippocampal immunoreactivity of the Ibal-
containing microglia are differentially diminished by ConA (neocortical
immunoreactivity reduction > hippocampal reduction); and fourth, the cerebral
hemisphere that suffers CSD presents with higher immunoreactivity than the
contralateral (CSD free) hemisphere, suggesting a CSD-activating action on the

microglia. These findings advance the understanding of the mechanisms of cerebral
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electrophysiological and histological alterations induced by lectins, and therefore might
help to develop future strategies based on newly discovered molecules with beneficial

action in opposition to brain diseases.
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Figure Legends

Fig. 1. (A) The ConA tetramer: the quaternary structure of ConA is composed of four
monomers. (B) A ConA monomer. PDB file number 3CNA (Hardman and Ainsworth,
1972). The structures were built using Visual Molecular Dynamics (VMD) software

(Humphrey et al., 1996).
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Fig. 2. Body weights of young (postnatal day 7-21; A) and adult (postnatal day 30—90;
B) rats, and brain weights at the 90-120th postnatal day (C). Rats were subjected to
intraperitoneal injection as pups during the suckling period. Nv, naive (not treated at
all); Sal, intraperitoneal saline injection; L1, 1 mg/kg ConA; and L10, 10 mg/kg ConA.
Data are mean + S.E.M. # indicates a significant difference in the L10 group when

compared with the control groups (ANOVA plus Holm-Sidak-test; P<0.05).
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Fig. 3. Slow potential change (P) recordings of CSD (A) in four adult rats subjected to

intraperitoneal injection as pups during the suckling period. Nv, naive (not treated at

all); Sal, intraperitoneal saline injection; L1, 1 mg/kg ConA; and L10, 10 mg/kg ConA.

(B) The CSD velocities for all groups. *p<0.05 compared with the Sal and Nv controls.

**p<0.05 compared with the other three groups. (C) Traces 1 and 2 were taken at

recording positions near and remote from the stimulation site, respectively. R indicates

the common reference electrode. CSD was chemically elicited by applying 2% KCI to

the frontal cortex for 1 min. The horizontal bars under the 1-traces indicate the

stimulation period (1 min). The vertical bars correspond to 10 mV (negative upward).
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Fig. 4. Topical cortical application of 1 mg/ml ConA. (A) Slow potential change (P)
recordings of CSD in a normal adult rat demonstrate the effects of topical application of
a ConA solution (1 mg/ml in saline; L1). The horizontal bars under the 1-traces indicate
the stimulation period (1 min). The vertical bars correspond to 10 mV (negative
upward). The control and recovery traces were recorded, respectively, 30 min before L1
application and 20 min after L1 removal. (B) The mean + S.E.M. CSD velocities in the
control, L1, and recovery conditions (n=8). RP1 and RP2 refer to recording points 1 and
2, respectively. * p<0.05 compared with the control and recovery values; paired t-test.
(C) Traces 1 and 2 in panel A were taken at the recording positions near and remote

from the stimulation site, respectively. R indicates the common reference electrode.
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Fig. 5. Representative grayscale digital images of Ibal-immunolabeled microglia in
coronal sections through the neocortex and the hippocampal CA1 region of four adult
rats subjected to different intraperitoneal injections as pups during the suckling period.
Naive, no injection; Saline, intraperitoneal saline injection; L-1, 1 mg/kg ConA; and L-
10, 10 mg/kg ConA. CSD, the brain hemisphere in which CSD was elicited. Control,

the contralateral hemisphere, in which CSD was not elicited. Scale bar, 20 um.
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Fig. 6. Quantitative measures of immunoreactivity (expressed as arbitrary units) and
percent area occupied by the Ibal-labeled microglia in the neocortex and the
hippocampal CAL region of adult rats subjected to intraperitoneal injection as pups
during the suckling period (n=4 per treatment group): Naive, no intraperitoneal injection
(light gray bars); Saline, intraperitoneal saline injection (white bars); L1, 1 mg/kg ConA
(white circle bars), or L10, 10 mg/kg ConA (dark gray bars). The CSD values refer to
the brain hemisphere in which CSD was elicited, while Control values refer to the
contralateral hemisphere, in which CSD was not elicited. Data are expressed as means +
S.E.M. *p<0.05 compared with the saline and naive controls. **p<0.05 compared with
the other three groups. # indicates a significant difference in the CSD hemisphere

compared with the control hemisphere.
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Table 1. Amplitudes and durations of the negative slow potential shifts of CSD in rats
treated with 1 mg/kg (L1) and 10 mg/kg ConA lectin (L10). They were compared with
control groups treated with saline, or without any treatment (naive). Data are expressed
as mean = S.E.M. The number of rats per group are in parentheses. No significant

differences were observed in all groups.

CSD amplitude (mV) CSD duration (s)

Groups (N)
Point 1 Point 2 Point 1 Point 2
Naive (10) 1053+2.89 10.01+298 57.52+886 59.06+6.18
Saline (8) 10.89+3.74 10.99+340 57.36+6.68 58.59+6.89
Lec-1 (9) 10.10+3.07 11.75+3.72 57.27+6.31 59.57 +7.64
Lec-10 (8) 911+330 11.79+252 57.86+5.26 57.59+6.54
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Abstract

Obijective: To evaluate in adult rats, previously suckled under favorable and unfavorable
conditions, the brain electrophysiological and microglial effects of the treatment early in
life with the lectin (ConA) from Canavalia ensiformis.

Methods: Male Wistar newborn rats (n = 89) were suckled under favorable or
unfavorable conditions, represented by litters with 6-7 pups or 12-14 pups (groups N6
and N12, respectively). From postnatal day 5 to 24, they were treated intraperitoneally
with 1 mg/kg or 10 mg/kg ConA (groups L1 and L10, respectively), or with saline
solution (group Sal), or no treatment (group Naive). At 90-120 days of age, CSD was
recorded at two parietal points for 4 h, and CSD parameters (velocity of propagation
and amplitude and duration of the DC slow potential change) were measured. Fixative-
perfused brain sections were reacted with anti- Ibal antibodies to quantify
immunolabeled microglia.

Results: Compared with the control groups, ConA-treated animals dose-dependently
presented with reduced CSD propagation velocities and increased amplitude and
duration of the CSD slow potential change. Microglia IBA-1 immunoreactivity was
lower in both nutritional groups treated with ConA, in comparison with the control
groups. The CSD-hemisphere presented with higher immunoreactivity compared with
the CSD-free hemisphere.

Discussion: Attenuation in CSD propagation and microglia reaction was associated in
adulthood with ConA treatment during brain development, indicating that the lectin can
affect the electrophysiological and microglial development, and suggesting long-lasting
protective action of the lectin on the rat brain, which is not impeded by the unfavorable

suckling condition.
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Introduction

Lectins are proteins of non-immune origin that have the ability of specifically
bind on carbohydrate-based structures and mediate important physiological processes in
living organism. They constitute a wide group of structurally diverse proteins, present in
plants, animals, and fungi, which binds reversibly and specifically with free and
conjugated carbohydrates or even with complex sugar structures.' Because of their
remarkable physico-chemical properties, lectins are used as biotechnological tool in
studies of cell-surface recognition,>® providing a sensitive detection system for changes
in glycosylation and carbohydrate expression that may occur during embryogenesis,
growth and disease.*

The Concanavalin A (ConA) obtained from the seeds of Canavalia ensiformis
has been chosen as a lectin model in several studies. ConA was the first well isolated
and characterized lectin, available commercially in a high pure degree, free of
carbohydrate.® ConA is a tetrameric protein in physiological environment that binds
specifically to a-D-mannose, a-D-glucose and glucopyranosides,® forming a highly
specific 4:1 carbohydrate—ConA complex.” The structure of the ConA, built using

Visual Molecular Dynamics (VMD) software® is shown in Fig.1.

(Please insert Figure 1 about here)

ConA can bind specifically to different mannose and glucose residues,®

9-11

modulating several events such as neuroplasticity,” " current responses of ionotropic

12,13

glutamate receptors, presynaptic inhibition in sympathetic neurons,** and dopamine
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transporter desensitization.™ Lectins also present several immunological effects,
exerting a dose-dependent immunomodulation which depends on changes in the balance
between pro-inflammatory (IL-4, IL-12, TNF-a, and IFN-y) and anti-inflammatory (IL-
6, IL-10) cytokines.'®

From their receptor and cell-surface binding properties, it is reasonable to
suppose that lectins may modulate neuronal cell communication, or even their
differentiation and proliferation. Indeed, the endogenous lectin Galectin-1, a -

galactoside-binding protein, exhibits neuroprotective functions'’**

and potent activity
against neuroinflammation.?>*® Exogenous lectins like ConA are able to modulate
glutamatergic receptors in presynaptic neurons,**? and ConBr, the lectin from
Canavalia brasiliensis, protects hippocampal slices against glutamate neurotoxicity,?
displaying neuroprotective and antidepressant activity. However, the possible effects of
exogenous lectins on the microglia reaction (as an indicator of inflammatory response),
as well as brain excitability have not been much investigated.

The excitability-related phenomenon known as Cortical Spreading Depression
(CSD), initially reported by Ledo (1944),%" has been characterized as a phenomenon in
which the neuronal excitability of the cerebral cortex is reversibly altered. CSD
occurrence depends on the neuron—glial interactions. CSD can be provoked by
electrical, mechanical or chemical stimulation.? This response is characterized by a
marked diminution (depression) of the cortical spontaneous or evoked electrical
activity, lasting 1-2 min. Changes on the CSD wave features (velocity of propagation,
intensity and duration) can be caused by many different classes of drugs and
nutritional/physiological conditions.” Several reports suggest that CSD seems to be
involved in various pathophysiological events with clinical importance for humans,

31,32

such as ischemia,® migraine,®*? and epilepsy.®
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Several studies indicate that malnutrition early in life leads to biochemical,*

|35 |36

structural®™ and electrophysiological® changes of the nervous system as during
development the brain presents a higher degree of plasticity. Early nutritional insults
can have important effects on brain electrophysiological activity*’, including a
facilitation effect on the propagation of CSD.* The early-malnourished brain may also
respond differently to pharmacological treatments, concerning the CSD responses as
compared with the normal brain responses.®

In order to improve the knowledge about brain lectin effects, we investigated
here the microglia and CSD responses produced by the systemic treatment early in life
with the lectin ConA in rats subjected to favorable and unfavorable lactation conditions,

represented respectively by suckling the pups in small-size and large size litters. Part of

these data has been presented elsewhere.*

Materials and methods
Animals

Male Wistar newborn rats (n = 89) from distinct dams were randomly
distributed on two groups regarding the nutritional conditions during the suckling
period: (a) suckled in small litters, with 6-7 pups (group N6, with 41 pups), and (b)
suckled in large litters, with 12-14 pups (group N12, with 48 pups). Decreasing or
increasing the number of pups to be suckled by one dam is an easy and interesting
method to produce positive or negative nutritional impact early in life, with modulation
of brain electrophysiological and histological organization.*”%**

The animals were handled in accordance with the norms of the Ethics

Committee for Animal Research of the Universidade Federal de Pernambuco, Brazil
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(Approval Protocol n° 23076.031272/2010-53), which complies with the “Principles of
Laboratory Animal Care” (National Institutes of Health, Bethesda, MD). The animals
were housed in polypropylene cages (51x35.5x18.5 cm) in a room with temperature
maintained at 22+1°C with a 12:12-h light—dark cycle (lights on at 7:00 a.m.), and with

free access to water and a lab chow diet with 23% protein (Purina do Brazil Ltd.).

Experimental groups and lectin treatment

The animals were treated from the 5™ to the 24™ day of postnatal life with daily
intraperitoneal injections of saline (N6-Sal and N12-Sal groups; n=10 for each group) or
1mg/kg lectin ConA or 10 mg/kg lectin (purchased from Sigma Co., St Louis, MO,
USA) dissolved in, saline (groups N6-L1 and N12-L1, and Groups N6-L10 and N12-
L10; n=10, 10, 10 and 17, respectively). Two groups of “naive” (non-injected) pups
were used as additional controls (groups N6-Nv and N12-Nv; n=11 and 11,

respectively).

CSD Recording

When the pups became adults (postnatal days 90-120), CSD was recorded, for a
4-h period, as previously described.*? Briefly, under anesthesia (1 g/kg urethane plus 40
mg/kg chloralose, intraperitoneal), three trephine holes (2-3 mm diameter) were drilled
on the right side of the skull. In the first hole, on the frontal bone, CSD was triggered at
20-min intervals by applying a cotton ball (1-2 mm diameter) soaked in 2% KCI
solution for 1 min. The amplitude of electrocorticographic depression and the slow
potential change, typical of a propagating CSD wave, were recorded simultaneously at
two parietal points on the cortical surface using a pair of Ag/AgCl agar-Ringer

electrodes separated by a fixed distance for each pair (4-5.5 mm for different pairs).
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These electrodes are plastic conic pipettes (5 cm length, 0.5 mm tip inner diameter)
filled with Ringer solution and solidified with the addition of 0.5% agar, into which a
chlorided silver wire was inserted. A third electrode of the same type was placed on the
nasal bones and used as a common reference. During the recording session, rectal
temperature was continuously monitored and maintained at 37+1°C with a heating
blanket. For all CSD episodes, we calculated the amplitude and duration of the negative
slow potential shifts of the CSD waves, as well as their velocity of propagation, based

on the time spent for a CSD wave to cross the interelectrode distance.

Body and brain weights
Body weights were measured at postnatal days 7, 14, 21, 30, 60, and 90. Brains

were weighed on the day of CSD recording (90-120 d).

Ibal Immunolabeling of Microglia

Thirty-two rats from the eight experimental groups (four N6 groups and four
N12 groups; n=4 from each group) were perfused with 0.9% saline solution followed by
4% paraformaldehyde diluted in 0.1 M phosphate-buffered saline, pH 7.4. After being
immersed in the fixative for 4 h, the perfused brains were transferred to a 30% (w/v)
sucrose solution for cryoprotection. Longitudinal serial sections (30-um thickness) were
obtained at -20°C with a cryoslicer (Leica-1850). Sections were immunolabeled with a
polyclonal antibody against the ionized calcium-binding adapter molecule 1 (Ibal) to
detect microglia (anti-1bal, #019-19741; Wako Pure Chemical Industries Ltd., Osaka,
Japan). Free-floating sections were subjected to endogenous peroxidase blocking (2%
H202in 70% methanol for 10 min); then, sections were incubated for 1 h in blocking

buffer solution (BB) containing 0.05 M Tris-buffered saline (TBS), pH 7.4; 10% fetal
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calf serum; 3% bovine serum albumin; and 1% Triton X-100. Next, sections were
incubated overnight at 4°C with rabbit anti- 1bal (1:1,500 diluted in BB solution). After
three washes with TBS plus 1% Triton, sections were incubated at room temperature for
1 h with biotinylated anti-rabbit (1:500) secondary antibodies. Sections were then rinsed
in TBS plus 1% Triton and incubated with horseradish peroxidase-conjugated
streptavidin (1:500). The peroxidase reaction was visualized by incubating the sections
in Tris buffer containing 0.5 mg/ml 3, 3’-diaminobenzidine (DAB) and 0.33 ul/ml H202.
Finally, sections were mounted, dehydrated in graded alcohols and xylene, and
coverslipped in Entellan®. Densitometric analysis of the cerebral cortex was performed
bilaterally for each animal. The immunolabeling pattern of the right hemisphere, which
suffered repeated episodes of CSD, was compared with that of the left hemisphere
(control). In each section, we analyzed photomicrographs of four fields within the
parietal cortex using Image J software (National Institutes of Health, USA; version
1.46r). A Leica-DMLS microscope coupled to a Samsung high-level color camera
(model SHC-410NAD) was used to obtain digital images from brain sections. Images
from the parietal cortex immunoreacted for Ibal were obtained with a 20x microscope
objective. Care was taken to obtain the digital images using the same light intensity
conditions. We analyzed the percentage of the area occupied by Ibal-labeled cells, as

well as their total immunoreactivity expressed in arbitrary units.

Statistics

Body and brain weights, as well as CSD propagation rates, amplitudes, and
durations, and quantitative immunohistochemical analysis were compared between
groups using two-way ANOVA, including litter size (N6 and N12) and treatment

(naive, saline, L1 and L10) as factors, followed by a post hoc (Holm-Sidak) test when
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indicated. Differences were considered significant when P < 0.05. All values are
presented in the text as mean + standard deviations. The Sigmastat® version 3.10

statistical software was used for all analysis.

Results
Impact of the suckling conditions on the body and brain weight

In the N12 condition, the body weights were lower (p<0.05) than in the N6
condition up to the 30th day of postnatal life (Fig. 2 A and B). The meanxsd weights (in
g) in the N12 groups in the postnatal days 7, 14, 21 and 30 were respectively 15.0+2.0,
23.6£2.6, 34.1+4.0 and 55.0£6.1 for the naive group; 14.1+1.5, 22.8+2.8, 34.1+4.5 and
70.8+4.3 for the saline group; 15.3+2.3, 24.3+2.7, 37.9+4.0 and 60.8+7.2 for the L1
group; 14.0+1.6, 20.1+2.8, 28.0+4.3 and 59.9£10.3 for the L10 group. In the N6
condition, the weights were 16.3+0.7, 30.6+1.0, 51.2+3.1 and 91.6+5.8 for the naive
group; 16.3+1.2, 32.2+2.0, 53.8+3.2 and 94.0£7.2 for the saline group; 16.3£1.0,
30.0£1.9, 46.8+3.4 and 84.6+6.8 for the L1 group; 18.8+3.3, 28.5+6.9, 41.7+6.2 and
87.7+13.5 for the L10 group. In each suckling condition, saline-treated and naive
animals displayed similar body weights, indicating no effect of saline injection. At 90d
of life, L10, but not L1, treatment was associated with lower body weights compared
with the corresponding control groups. The brain weights were reduced in the N12
condition (range: from 1.5760+0.0879¢ to 1.6075+0.0854g) compared with the N6
groups (range: from 1.6620+0.0192g to 1.7343+0.0346Q). Lectin treatment did not

affect the brain weights of adult animals (Fig. 2C).

(Please insert Figure 2 about here)
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Impact of the early lectin treatment and suckling conditions on CSD propagation
CSD was successfully elicited in all groups by KCI 2% solution applied for 1
min through the hole (2-3 mm in diameter) drilled on the frontal bone. The KCl-elicited
CSD wave propagated and was recorded by the two electrodes (marked as 1 and 2 in the
diagram of Fig 3). In all recordings the CSD slow potential change returned to the base-
line value after 1-2 minutes. The early systemic treatment with 1 mg/kg and 10 mg/kg
lectin resulted, in both nutritional states, in longer latencies for a CSD wave to cross the
interelectrode distance, as compared with the saline and naive conditions; these

latencies are delimited by the interrupted lines in the CSD traces of Fig. 3.

(Please insert Figure 3 about here)

For each group, the CSD velocity of propagation was calculated as a mean of 10
to 12 consecutive CSD episodes (elicited at intervals > 20 min) in each animal. The
mean CSD velocities are shown in the Fig.4. At 90-120 days of life, CSD propagation
velocities (mean * standard deviation, in mm/min) in the small-size litter groups were:
N6-Sal = 3.41+0.10, N6-Nv = 3.40+0.09, N6-L1 = 3.12+0.14 and N6-L10 = 2.82+0.18.
Compared with the corresponding L6 groups, the L12 animals presented with higher
CSD velocities (p<0.05), confirming the facilitating effect of the unfavorable suckling
condition. The values for the L12 groups (in mm/min) were: N12-Sal = 4.26+0.16, N12-
Nv =4.22+0.19, N12-L1 = 3.74+0.13 and N12-L10 = 3.25+0.16. ANOVA showed that
in both L6 and L2 suckling conditions the early systemic lectin-treatment dose-
dependently decreased the CSD velocity (p<0.05) when compared to the corresponding

saline-treated and naive controls.
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(Please insert Figure 4 about here)

The mean CSD amplitudes (in mV) and durations (in s) are presented in Table 1.
In the N12 condition, ANOVA revealed that treatment with 10 mg/kg/d lectin (group
L10) increased the amplitude and duration of CSD compared with the L1, and the saline
and naive controls. In addition, all N12 groups presented with shorter duration

compared with the corresponding N6 group.

Ibal Immunohistochemistry and Densitometric Analysis

Figure 5 depicts representative photomicrographs of specific immunolabeling of the
calcium-binding protein Ibal in the microglial cells of the parietal cortex from adult rats
(N=4 for each group) treated systemically early in life with saline solution, ConA (1
mg/kg, L-1; or 10 mg/kg, L-10) or no injection (naive group). Quantitative analysis of
both hemispheres revealed an interhemispheric difference: the hemisphere in which
CSD was elicited was more reactive than the contralateral hemisphere (Fig. 6).
Compared with the controls, animals treated with 10 mg/ml ConA presented with a
lower percentage of labeled area and lower immunoreactivity (expressed in arbitrary

units) (p<0.05; ANOVA followed by the Holm-Sidak test).

(Please insert Figure 5 and 6 about here)

Discussion
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In the present study, we extended our previous investigation on the identification of
electrophysiological and microglial changes produced in the rat cortex by ConA, the
lectin from Canavalia ensiformis. Our findings confirm the effectiveness of ConA in
decelerating CSD and reducing immunolabeling of Ibal-containing microglia, and
demonstrate that such effects also occur in animals previously suckled in unfavorable
(N12) condition. These two factors (i.e., ConA and unfavorable suckling) seem to be
important determinants of the reduction in body weight, and in the CSD and microglia
alteration as reported here, and they were not previously combined in a single study
involving CSD. Data reinforce our previous suggestion that ConA administration during
CNS development altered brain processes that are involved in the observed
electrophysiological (CSD) and immunohistochemical (microglia labeling) effects. As
ConA treatment occurred early in life and CSD acceleration, as well as the microglial
reaction was observed at adulthood, we suggest that these effects of ConA are
permanent, or at least long lasting.

The ConA treatment early in life contributed also for body weight impairment, but
did not affect the brain weights. Despite the absence of changes in brain weight, the
ConA treatment during the suckling period might have altered glial development as
indicated by changes in the Ibal immunolabeling pattern presently observed. The
suckling period is a critical phase for structural and functional maturation of the rat
brain. The rapid execution of the normally programmed brain developmental processes
results in adequate neuronal migration, myelination and gliogenesis;*” under the
lactation conditions of the present study, the ConA treatment might have attenuated
microglia reaction, as our Ibal findings suggest. Changes in glial cells are relevant for
the CSD findings as there is evidence *® indicating that glial cells participate in the

resistance that the cortical tissue normally presents to CSD propagation. Experimental
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manipulations can reduce or augment the cortical resistance to CSD, resulting
respectively in higher or lower propagation rates.*® Therefore, the estimation of changes
in brain CSD susceptibility can be easily achieved by determining the velocity of CSD
propagation under CSD-facilitating or CSD-impairing conditions, and this contributes
for the understanding of the electrophysiological processes that underlie brain
excitability changes and related diseases (e.g., epilepsy).**** The present data reinforce
the implication of ConA treatment as a CSD-impairing and microglia reaction reducing
factor.

To the best of our knowledge, there is no available information in the literature on
the long-lasting electrophysiological effects of ConA on the CSD phenomenon. The
mechanisms by which ConA influences CSD are unknown. One possible mechanism
would be via modulation of the glutamatergic system. The regulation of brain

excitability in both humans®® and laboratory animals***’

IS a process dependent on the
glutamatergic system. Recent experimental evidence suggests that the lectin from
Canavalia brasiliensis can protect hippocampal slices against glutamate neurotoxicity.?®
Interestingly, ConA can modulate the glutamatergic system,*® which supports the
glutamate hypothesis for the ConA action on CSD. It is important to mention that both

2% and glial activity™ can influence the CSD

glutamate receptors modulation
phenomenon. However, at the moment one cannot exclude the possibility of other
mechanisms, as for example the direct or indirect lectin action on nitrergic- and free
radical formation processes.>

Under brain energy-demanding conditions such as CSD, microglia reportedly can
be transformed into reactive glia.>* Our Ibal labeling data confirm this assertion: in all

groups, the hemisphere that suffered CSD presented with higher Ibal immunoreactivity

when compared with the contralateral, CSD-free hemisphere (see Figs. 5 and 6). In this
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scenario, the treatment with ConA in the lactation period attenuated microglial 1bal
immunolabeling, suggesting a long lasting protective action of ConA that could be
detected at adulthood. Our novel Ibal data in the cortex of ConA-treated rats
compellingly require a new line of investigation to elucidate whether the CSD changes
described here are a consequence of alterations in microglial reactivity.

In our study, suckling in large litters (N12 groups) certainly led to some degree of
nutritional deficiency, confirming previous reports.>” We can conclude that the increase
in the number of pups during the lactation period was effective in producing
malnutrition, which was confirmed by the lower brain and body weights, observed in
the malnourished groups, when compared to their respective well-nourished controls.
The decreased number and/or size of cell elements, as well as alterations in the events
that cause neuronal maturation (e.g., reduction of processes like dendritic development,
synapse formation and myelination), are probably the causal factors of early
malnutrition.*”** The malnourished rat brain is more susceptible to CSD as indexed by

the higher CSD velocities compared with the normally suckled animal.>®

Early
malnutrition also increases brain cell packing density, impairs myelin formation and
gliogenesis,” and reduces brain glutamate uptake,> which increases the extracellular
glutamate. All these malnutrition-induced effects facilitate CSD propagation,®® and this
has been confirmed presently.

Regarding the possible application of the present findings to human health, the
protective action of lectins via the glutamatergic system®® deserves some comment. It is
important to highlight that about 80% of all synapses are glutamatergic.*® Therefore,
excitotoxicity can be generated from excessive glutamatergic activation, leading to

neurological diseases, and lectin molecules that counteract excessive glutamatergic

activity can be important putative tools to treat or prevent brain diseases. This appears
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to be the case of ConA and ConBr, the lectin of Canavalia brasiliensis, a lectin with the
same carbohydrate affinity and with extensive amino acid sequence similarity to
ConA.>® We believe that searching for the cellular and molecular mechanisms
underlying the action of ConA and other carbohydrate-binding lectins on the brain’s
electrophysiological and microglial properties is a very important task that shall be
continued.

In summary, we characterized brain electrophysiological (CSD) and
immunohistochemical (Ibal microglia labelling) effects of the lectin ConA, from
Canavalia ensiformis, comparing them in favorable and unfavorable suckling
conditions. We conclude that ConA dose-dependently decelerates CSD propagation,
and attenuates immunoreactivity of the Ibal-containing microglia. These effects are not
impeded by unfavorable suckling (N12) condition. Finally, the presence of CSD in one
cerebral hemisphere was associated with increased microglial reaction. As data advance
the understanding of the mechanisms of cerebral electrophysiological and histological
alterations induced by lectins, they might be helpful in developing novel therapeutic

strategies devoted to treat excitability-related brain disorders.
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Legends

Tetramer of ConA
(dimer of dimers)

Dimer AB

Fig. 1. The ConA tetramer, composed by the equal subunits A to D, can be described as
a dimer of dimers (AB and CB) in chemical equilibrium under pH change. Both forms
have the same affinity by glucose and mannose. PDB file number 3CNA.°> The

structures were built using Visual Molecular Dynamics (VMD) software.®
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Fig. 2. Body weights (mean £ SD) of rats suckled in litters formed by 6-7 pups or 12-14
pups (respectively N6 and N12 groups) that were submitted to systemic lectin ConA
administration (1mg/kg — L1; or 10mg/kg — L10), or saline (NaCl 0.9%) solution, or not
submitted to any treatment (Naive group). The weights were measured at the postnatal
days 7, 14 and 21 (panel A), and 30, 60 and 90 (panel B). The brain weights (panel C)
were obtained at adulthood (90-120 days of life). Data are expressed as meants.e.m.
*p<0.05 compared with the corresponding N6 group. #p<0.05 compared with the other
treatment group in the same suckling condition (two-way ANOVA followed by Holm-
Sidak test).
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Fig. 3. Examples of recordings of the slow potential change (P), typical of CSD, on two
points of the right hemisphere of eight 90-120-day-old rats representative of the eight
groups of this study. N6 and N12 are the two suckling conditions (suckling in litters
with 6-7 and 12-14 pups, respectively). Nv, naive group (no treatment); Sal, L1 and L10
are groups injected intraperitoneally with saline, 1 mg/kg/d lectine and 10 mg/kg/d
lectine, respectively. The horizontal bars indicate the period (1 minute) of stimulation
with 2% KCI on the frontal region of the right hemisphere, to elicit CSD. The vertical
bars correspond to 10 mV (negative upwards). The vertical dashed lines delimitate the
time spent for a CSD episode to propagate from recording point 1 to 2. The skull
diagram shows the point of KCI application, the point where the reference electrode (R)
was placed, and the recording positions 1 and 2, from which the traces marked with the
same numbers were obtained. The distance between the two recording points is 4.5mm

in all cases.
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Fig. 4. CSD velocities of propagation in adult rats (90-120-day-old) suckled in litters
with 6-7 or 12-14 pups (respectively groups N6 and N12), and treated during the
lactation period with saline (Sal), 1mg/kg/d lectine (L1) and 10 mg/kg/d lectine (L10).
Nv, naive group. Values are means * s.e.m. *p<0.05 compared with the controls (Sal
and Nv) in the same suckling condition. #p<0.05 compared with the N6 groups.
(ANOVA plus Holm-Sidak test).
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Fig. 5. Representative grayscale digital images of Ibal-immunolabeled microglia in
coronal sections through the neocortex of eight adult rats, representative of the eight
groups of this study. N6 and N12 are the two suckling conditions (suckling in litters
with 6-7 and 12-14 pups, respectively). Nv, naive group (no treatment); Sal, L1 and L10
are groups injected intraperitoneally with saline, 1 mg/kg/d lectine and 10 mg/kg/d
lectine, respectively. CSD, the brain hemisphere in which CSD was elicited. Control,

the contralateral hemisphere, in which CSD was not elicited. Scale bar, 20 um.
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Fig. 6. Quantitative measures of immunoreactivity (expressed as arbitrary units) and
percent area occupied by the Ibal-labeled microglia in the neocortex of adult rats (90—
120-day-old) suckled in litters with 6-7 or 12-14 pups (respectively groups N6 and
N12), and treated during the lactation period with saline (Sal), 1mg/kg/d lectine (L1)
and 10 mg/kg/d lectine (L10). Nv, naive group. Data are expressed as means + S.E.M.
of four animals per group (four brain sections per animal; four microscopic fields per
section). The CSD values refer to the brain hemisphere in which CSD was elicited,
while Control values refer to the contralateral hemisphere, in which CSD was not
elicited. *p<0.05 compared with the saline and naive controls. **p<0.05 compared with
the other three groups. # indicates a significant difference in the CSD hemisphere

compared with the control hemisphere.
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Table 1. Amplitudes and durations of the negative slow potential shifts of CSD in adult
rats previously suckled under favorable and unfavorable conditions (respectively N6
and N12) and treated with 1 mg/kg (L-1) and 10 mg/kg ConA lectin (L-10). They were
compared with control groups treated with saline (Sal), or without any treatment (naive;
Nv). Data are expressed as mean + S.D. The number of rats per group is in parentheses.
*p<0.05 compared with the other treatment groups in the same suckling (N12)

condition. #p<0.05 compared with the corresponding N6 value (ANOVA plus Holm-

Sidak test).

Groups Treatment Amplitude (mV)  Duration (s)

Nv (n = 8) 104+ 1.8 57.7 +6.2

NG Sal (n = 10) 11.5+2.9 58.8+5.8

L1(n=9) 105+2.7 58.5 + 5.4

L10 (n = 8) 10.4+2.0 57.1+5.3

Nv (n = 8) 10.2 +3.3 42.8 + 5.0#

N1 Sal (n=9) 10.9+3.6 41.4 + 324

L1(n=8) 115+2.9 46.5 + 4.1#

L10 (n = 10) 15.5 + 3.8* 53.4 + 4.7#




112

ANEXOS



113

Anexo A -Submissdo do Artigo |

---------- Forwarded message ----------

From: The European Journal of Pharmacology <ejp-office@pharm.uu.nl>

Date: 2014/1/7

Subject: A manuscript number has been assigned to Potential brain protective effect of
the lectin from Canavalia ensiformis: an electrophysiological and microglia labeling
analysis in the rat

To: guedes.rca@gmail.com, rguedes@ufpe.br

Dear Prof. Guedes,

Your submission entitled "Potential brain protective effect of the lectin from Canavalia
ensiformis: an electrophysiological and microglia labeling analysis in the rat" has been
been assigned the following manuscript number: EJP-39311.

You will be able to check on the progress of your paper by logging on to Elsevier
Editorial as an author.
The URL is http://ees.elsevier.com/ejp/.

Thank you for submitting your work to this journal.
Kind regards,

EJP Editorial Office
Editorial Office
European Journal of Pharmacology

For further assistance, please visit our customer support site

at http://help.elsevier.com/app/answers/list/p/7923. Here you can search for solutions on
a range of topics, find answers to frequently asked questions and learn more about EES
via interactive tutorials. You will also find our 24/7 support contact details should you
need any further assistance from one of our customer support representatives.



mailto:ejp-office@pharm.uu.nl
mailto:guedes.rca@gmail.com
mailto:rguedes@ufpe.br
http://ees.elsevier.com/ejp/
http://help.elsevier.com/app/answers/list/p/7923
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Anexo B -Submissdo do Artigo |1

---------- Forwarded message ----------

From: Editorial Office,Nutritional Neuroscience <v.coulter@maneypublishing.com>
Date: 2014/1/21

Subject: Your submission NNS304

To: R C A Guedes <guedes.rca@gmail.com>

Dear Professor Guedes

Your submission "Brain effects of the lectin from Canavalia ensiformis in adult rats
previously suckled in favorable and unfavorable conditions: a spreading depression- and
microglia immunolabeling study" to Nutritional Neuroscience has been assigned the
manuscript number: NNS304.

The paper is now with an Editor and we will contact you again once referees' comments
are received. You will be able to check on the progress of your paper by logging on to
Editorial Manager as an author.

The URL is http://nns.edmgr.com/.

YOoUur username is: ****x*xxkxx*
Your paSSWOI'd IS FRFxF I A KKK
Thank you for submitting your work to this journal.

Kind regards
Vanessa Coulter

Editorial Administrator/Assistant
Nutritional Neuroscience


mailto:v.coulter@maneypublishing.com
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Anexo C -Parecer da Comissdo de Etica no Uso de Animais da UFPE

Universidade Federal de Pernambuco
Centro de Ciéncias Biolégicas

Av. Prof. Nelson Chaves, s/n
50670-420 / Recife - PE - Brasil
fones: (55 81) 2126 8B40 | 2126 8351
fax: (55 81) 2126 8350
www.ccb.ufpe.br

Recife, 05 de agosto de2010.
Oficio n° 300/2010

Da Comiss&o de Etica no uso de Animais (CEUA) da UFPE
Para: Prof: Rubem Carlos Aratjo Guedes

Departamento Nutrigéo - CCS

Universidade Federal de Pernambuco

Processo n® 23076.031272/2010-53

Os membros da Comiss&o de Etica no Uso de Animais do Centro de Ciéncias
Biolégicas da Universidade Federal de Pernambuco (CEUA-UFPE) avaliaram seu projeto de
pesquisa intitulado, “NOVAS MOLECULAS, DE ALIMENTOS VEGETAIS, COM ACAO
NEURAL: EFEITOS ELETROFISIOLOGICOS DA LECTINA DE Canavalia ensiformis(ConA)
EM RATOS NUTRIDOS E DESNUTRIDOS.”

Concluimos que os procedimentos descritos para a utilizagio experimental dos animais
encontram-se de acordo com as nomas sugeridas pelo Colégio Brasileiro para
Experimentagéo 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
avaliagdo e julgamento pela CEUA-UFPE.

Encontra-se de acordo com as normas vigentes no Brasil, especiaimente a Lei 11.794
de 08 de outubro de 2008, que trata da questSio do uso de animais para fins cientificos e
didaticos.

Diante do exposto, emitimos parecer favorével aos protocolos experimentais a serem
realizados.

Observagéo: Atenciosamente,
Origem dos animais: Biotério do Departamento de Nutri¢do, R
Animais: Ratos( Rattus norvegicus), linhagem Wistar: sexo:./\kl ('3' ;
Machos; Idade: adulta(80 a 120 dias); N° de Animais : N

80(Oitenta). Prota. Maria Teres:
Presidente do CE

EpE

CCB: Integrar para desenvolver
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Anexo D -Produgéo Cientifica Durante o Doutorado

Artigos submetidos em revistas indexadas:

SOARES, GEORGIA DE SOUSA FERREIRA, LIMA, CASSIA BORGES,
CAVALCANTI, LILIANE CABRAL, VILLACAMPA, NADIA,
CASTELLANO, BERNARDO, GUEDES, RUBEM CARLOS ARAUJO..
Guedes. Potential brain protective effect of the lectin from Canavalia ensiformis:
an electrophysiological and microglia labeling analysis in the rat. European

Journal of Pharmacology.

SOARES, GEORGIA DE SOUSA FERREIRA, LIMA, CASSIA BORGES,
CAVALCANTI, LILIANE CABRAL, CASTELLANO, BERNARDO, GUEDES,
RUBEM CARLOS ARAUJO. Brain effects of the lectin from Canavalia
ensiformis in adult rats previously suckled in favorable and unfavorable

conditions: a spreading depression- and microglia immunolabeling study.
Nutritional Neuroscience.
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Artigos publicados em revistas indexadas:

LIMA, CASSIA BORGES; SOARES, GEORGIA DE SOUSA FERREIRA; VITOR,
SUENIA MARCELE; ANDRADE-DA-COSTA, BELMIRA LARA DA
SILVEIRA; CASTELLANO, BERNARDO; GUEDES, RUBEM CARLOS
ARAUJO. Spreading depression features and Ibal immunoreactivity in the
cerebral cortex of developing rats submitted to treadmill exercise after treatment
with  monosodium glutamate. International Journal of Developmental
Neuroscience, v. 33, p. 98-105, 2014.

Int. |. Devl Neuroscience 33 (2014) 98-105

Contents lists available at ScienceDirect

International Journal of Developmental Neuroscience

journal homepage: www.alsevier.com/locate/ijdevneu

Spreading depression features and Ibal immunoreactivity in the @Cmum
cerebral cortex of developing rats submitted to treadmill exercise
after treatment with monosodium glutamate

Cassia Borges Lima?, Georgia de Sousa Ferreira Soares®, Suénia Marcele Vitor®,
Belmira Lara da Silveira Andrade-da-Costa®, Bernardo Castellano®,
Rubem Carlos Araujo Guedes"*

= pepartment of Physiology end Pharmecology, Universidede Federal de Permambuco, S0670901 Recife, Brazil
B Department of Nutrition, Universidade Federal de Permambuca, 50670901 Recife, Brazil
= Uit of Medica Histology, Instttuge of Neuroscience and Dept Cell Biology, Piiysiology and Imomunology, Awtonomous University of Bercelona, Spain

ARTICLE INFO ABSTRACT

.ﬂ.l'rlr!_e history: Physical exercise and excessive consumption of monosodium glutamate (MSG) can affect the morpho-
R‘—'CE‘_"Ed 7 July 2013 logical and electrophysiological organization of the brain during development. Howewver, the interaction
Received in revised form 3 November 2013 of both factors remains unclear. We analyzed the effect of this interaction on the excitability-related

Accepted 18 December 2013 phenomenon known as cortical spreading depression (CSD) and the microglial reaction expressed as

= Ibal-immunolabeled cells in the rat motor cortex. MSG (2 g/ke or 4 g/kg) was administered every other
Reywor day during the first 14 postnatal days. Treadmill exercise starbed at 21-23 days of life and lasted 3 weeks,

Brain development I i - | - -
Brain electraphysiology 5 days/week, for 30 min/day. At 45-60 days, (50 was recorded for 4 h at two cortical points and the CSD0

Carticz] spreading deprassion parameters (velocity, amplitude, and duration of the negative potential change) calculated. Confirming
Food flavoring agents previous ohservations, exercised rats presented with lower CSD velocities | 3.29 £ 0,18 mm/min) than the
Rats sedentary group (3.80 £0.18 mmfmin; P<0.05). M5G increased CSD velocities in the exercised rats com-
Treadmill exercise pared to saline-treated and exercised animals in a dose-dependent manner (349 +0.19, 4052 0.18, and

3.27 £0.26 for 2 glke MG, 4 gike MSG, and saline, respectively; P< 0.05). The amplitude {ranging from
143 £5910 187 £ 6.2mV) and duration (467 £11.1 to 60.5 £ 11.65) of the negative slow potential shift
of the CS0 were similar in all groups. Both exercise and M3G treatment increased [bal immunolabeling.
The results confirm that physical exercise decelerates (5D propagation. However, it does not impede
the CSD-accelerating action of M5G. These effects were accompanied by a cortical microglia reaction.
Therefore, the data suggest that treadmill exercise early in life can influence the development of cortical
electrical activity.

© 2013 ISDN. Published by Elsevier Led. All rights reserved.
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LIMA, CASSIA BORGES; SOARES, GEORGIA DE SOUSA FERREIRA,; VITOR,
SUENIA MARCELE; CASTELLANO, BERNARDO; ANDRADE DA COSTA,
BELMIRA LARA DA SILVEIRA; GUEDES, RUBEM CARLOS ARAUJO.
Neonatal treatment with monosodium glutamate lastingly facilitates spreading
depression in the rat cortex. Life Sciences, v. 93, p. 388-392, 2013.

Life Sciences 93 (2013) 388392

Contents lists available at ScienceDirect

Life Sciences

journal homepage: www.alsevier.com/locate/lifescie

Neonatal treatment with monosodium glutamate lastingly facilitates spreading
depression in the rat cortex

Céssia Borges Lima?®, Gedrgia de Sousa Ferreira Soares?, Suénia Marcele Vitor?, Bernardo Castellano®,
Belmira Lara da Silveira Andrade da Costa®, Rubem Carlos Aratjo Guedes ™
* Deparnment of Nutrition, Universidade Federal de Pernambuco, 50670001, Recle, Femambuco, Brazil

B Liwr of Medio | Histology, Autonomoss Unbversiny of Barcelana, Spain
= Department of Py siology and Pharmacelogy, Universidade Faferal de Pernambuco, 50670901, Red e, Braz|

ARTICLE INFO ABSTRACT
Article histary ! Aimes: Monosodium glutamate [ MSG) isa neumexdtatory amino add used in human food to enhance flavor. MSG
Reived 10 April 2013 can affect the momhological and eledrop hysiological organization of the brain. This effect is more severe during

Acepted 10 July 2013 brain development. Here, we investigated the electmophysiological and morphological effects of MSG in the de-

weloping mt brain bycharacerizing changes in theexdtahility-related phenomenon of co tical spreading depres-

}F'em'ds' sion [(50) and microglial raction

;ﬂmﬂmﬁ?[ Main methods: From postratal days 1-14, Wistar rat pups received 2 or 4 g/kg MSG (groups MSG-2 and MSG4,
Bramelear?;n_-.-s.dagy respectively; n = 9in each group ), saline (rm = 10} or no treatment (naive group; n = 3 ) every other day. At
Glutamatergic system 45-60 days, (50 was recorded on two cortical points for 4 h. The CSD parmameters velodty, and amplitude and
Rat duration ofthe negative potential change were caloulated. Ficative-perfused brain sections wene immunolabeled

with anti-IBA-1 antibodies to identify and quantify cortical microglia
Key findings MSG-4 rats presented significantly higher velocities (459 4 034 mm/min) than the controls
[=aline, 3.84 4 0.20 mm/min; naive, 2.71 4 0.8 mm/min} and M5G-2 group (3.75 4 010 mm/min ). The am-
plitvde (B8 4+ 2 7to0 11.2 £ 1.9 mV) and duration (58.2 4 7.1 to 736 + G0 s) of the negative slow potential
shift was similar in all groups. M5G-treatment dose-dependently increased the microglial immunolabeling.
Significane: The results demonstrate a novel, dose-dependent action of M5G in the developing brmin, chamacter-
ized by acceleration of CSD and significant microglial reaction in the cerebral cortese. The CSD effect indicates that
MSG can influence cortical excitability, during brain development, as evaluated by C5D acceleration. Data suggest
caution when consuming MSG, espedally in developing organisms.

02013 Elsevier Inc. All rights reserved.
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DA SILVA GERMANO, PAULA CATIRINA PEREIRA; SILVA, DEBORA DE
LIMA E; SOARES, GEORGIA DE SOUSA FERREIRA; DOS SANTOS,
ANGELA AMANCIO; GUEDES, RUBEM CARLOS ARAUJO. Hypercaloric
high-lipid diet and brain development: Effects on cortical spreading depression in
adult rats. Nutritional Neuroscience, v. 16, p. 275-281, 2013.

Original research paper

Hypercaloric high-lipid diet and brain
development: Effects on cortical spreading
depression in adult rats

Paula Catirina Pereira da Silva Germano?, Débora de Lima e Silva2,
Gedrgia de Sousa Ferreira Soares?, Angela Amancio dos Santos?,
Rubem Carlos Aradjo Guedes!

'Departamento de Mutricio, Universidade Federal de Pemambuco, Recife PE, Brazil, “Departamento de
Fisiologia e Farmacologia, Universidade Federal de Pemambuco, Recife PE, Brazil

Mutritional conditions early in life constitute one of the environmental factors that can influence brain
electrophysiology. as evaluated through the phenomenon denominated as cortical spreading depression
(C8D).

Obijective: To evaluate the effects of hypercaloric diet intake in different phases of life on C3D features in adult
rats.

Methods: Newborn Wistar rats were suckled by dams fed a high-lipid (cafeteria) hypercaloric diet during the
lactation period. After suckling, part of the pups remained in the high-ipid diet until the end of the experiment
in adulthood (group ‘fullife’ FL), and the other part received the control (lab chow) diet (group L). A third
group received the hypercaloric diet only at adulthood (group Ad). When the animals reached 90-93 days
of life, CSD was recorded.

Results: CSD propagation velocities (in mm/minute) and CSD amplitudes (inmV) were reduced (P < 0.05)in
the groups L (277 = 0.07 and 7.1 = 2.0 for velocity and amplitude, respectively) and FL (3.05 +0.17 and
8.5+ 19), but not in the group Ad (3.36 £0.11 and 10.7 £ 2.0), in comparison with a control group (C),
fed the lab chow diet during the entire life (3.52 £ 0.18 and 10.8 £ 2.2).

Discussion: CSD velocity changes observed in adulthood were associated with the hypercaloric
dietary treatment during brain development, constituting evidence in favor of permanent or at least long-
lasting electrophysiological effects related to the prevailing nutritional status during the period of brain
growth spurt.

Keywords: Central nervous systemn, Cortical spreading depression, High-enengy dist
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Trabalhos publicados em anais de Congressos

SOARES, GEORGIA DE SOUSA FERREIRA; CAVALCANTI, L. C.; GUEDES,
RUBEM CARLOS ARAUJO. Treatment early in life with the lectin ConA
decelerates spreading depression in well-nourished and early-malnourished adult
rats. In: IXI European Meeting on Glial cells in Health and Disease, Berlin,
2013. In: Xl European Meeting on Glial cells in Health and Disease, 2013,
Berlin.Abstract book- Glia Supplement 1. Hoboken - NJ - USA: Wiley Blackwell,

2013. v. 61. p. 70-70.
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SOARES, GEORGIA DE SOUSA FERREIRA; GUEDES, RUBEM CARLOS
ARAUJO. Antagonistic effect of the lectin ConA on cortical spreading depression
in well-nourished and previously malnourished adult rats. In: XXVII Reunido
Anual Da Federacdo de Sociedades de Biologia Experimental, Aguas de
Linddia -Sao Paulo, 2012. XXVII Reunido Anual Da Federacdo de Sociedades
de Biologia Experimental, 2012.

XXVII Reuniao Anual

Federacao de Sociedades de

Biologia Experimental

ALVES, A.; SALVADOR, C.: SOARES, GEORGIA DE SOUSA FERREIRA. Foto
Estimulacdo do Cortex Cerebral Utilizando Pulsos de Laser. In: XXX Encontro
de Fisicos do Norte e Nordeste, Salvador, 2012. XXX Encontro de Fisicos do
Norte e Nordeste, 2012.
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Trabalhos apresentados em Congressos

SOARES, GEORGIA DE SOUSA FERREIRA. La biodiversitat vegetal i la serva
relacié amb la nutricid i les linies de recerca i desenvolupament en la nutricié del Brasil.
Palestra apresentada na Universitat de Barcelona-UB, Barcelona, 2013.
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Doutoranda Gedrgia de Sousa Ferreira Soares ministra conferéncia na Universitat de Barcelona

Durante o evento Alimentacio i Nutricid al Brasil - Conferéncies € Tallers Gastrondomics, da Universitat de Barcelona, a doutoranda
do Programa de Pds-Graduacao em Nutricdo da UFPE, Gedrgia de Sousa Ferreira Soares apresentou a conferéncia "La biodiversitat
vegetal i la seva relacio amb la nutricid i les linies de recerca i desenvolupament en la nutricio del Brasil".
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