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Apresentacao

Este trabalho consiste na tese de doutorado intitulada “Avaliacdo da
atividade de nucleotidases e parametros de estresse oxidativo em pacientes
com esclerose multipla e em modelo experimental de desmielinizacdo em
ratos”. O trabalho apresenta-se estruturado em trés partes como se segue:
resumo, introducdo e objetivos (parte I); manuscrito e artigos (parte Il);
discusséo, conclusdes, referéncias e anexos (parte IlI).

Os resultados deste trabalho estdo apresentados na forma de
manuscrito e artigos e o0s itens discussdo e conclusdo apresentam
interpretacbes e comentarios gerais sobre o manuscrito e os artigos contidos
neste trabalho.

As referéncias bibliograficas referem-se somente as citagcbes que
aparecem nos itens introducao e discussao dessa tese.

NoOs anexos encontram-se a carta de aprovacao do comité de ética da
Universidade Federal de Santa Maria, bem como o termo de consentimento
utilizado na realizacdo dos trabalhos envolvendo os portadores de Esclerose

Multipla.
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Resumo

A esclerose multipla (EM) € a principal doenga desmielinizante do sistema
nervoso central (SNC), sendo considerada a principal causa de incapacidade
neurolégica em adultos jovens. Além das alteragdes imunes, neuroldgicas e
vasculares que sdo encontradas na EM, tem sido postulado que o estresse
oxidativo pode estar envolvido na patogénese desta doenca. Os nucleotideos
ATP, ADP e o nucleosideo adenosina sdo importantes moléculas capazes de
modular varios processos biolégicos incluindo tromboregulagéo, inflamacéo e
neurotransmissdo. O controle dos niveis extracelulares destas moléculas e a
consequente sinalizacdo purinérgica por elas induzida é realizada por uma
variedade de enzimas como as NTPDases (Nucleotideo Trifosfato
Difosfoidrolase), E-NPPs (Ecto-Nucleotideo Pirofosfatase/Fosfodiesterases), 5'-
nucleotidase e a adenosina deaminase (ADA). Sendo assim, o0 objetivo deste
trabalho foi avaliar a atividade destas ectoenzimas em linfocitos e plaquetas de
pacientes com a forma surto remissdo da EM (SREM) e o papel da NTPDase e
5-nucleotidase em sinaptossomas e plaquetas bem como a avaliagdo de
parametros de estresse oxidativo em ratos submetidos a desmielinizacao
experimental pelo brometo de etidio (BE) e tratados com vitamina E. Os
resultados obtidos demonstraram alteracdes na atividade das ectoenzimas em
linfécitos e plaquetas de pacientes com SREM. Em linfécitos foi observado um
aumento na atividade e expressdo da NTPDase e uma diminuicdo na atividade
da ADA em pacientes com SREM quando comparados com 0 grupo controle.
Uma diminuicdo na atividade e expressdo da NTPDase, bem como uma
diminuicdo na atividade das enzimas E-NPP, 5’-nucleotidase e ADA foi
observada em plaquetas de pacientes com SREM quando comparadas com
individuos saudaveis. Em relacdo ao modelo experimental os resultados
demonstraram que em ratos submetidos a desmielinizacdo por BE ocorreu um
aumento na atividade da NTPDase e 5’-nucleotidase tanto em sinaptossomas
quanto em plaquetas. Quando ratos desmielinizados foram tratados com
vitamina E este composto foi capaz de reverter o aumento da NTPDase,
entretanto a atividade da 5-nucleotidase permaneceu aumentada em
sinaptossomas e plaquetas quando comparado com o grupo controle. Além
disso, foi observado também que parametros de estresse oxidativo como o
conteudo de TBARS e tib6is ndo protéicos foram encontrados aumentados e a
atividade da catalase estava diminuida em ratos desmielinizados pelo BE,
sendo que o tratamento com vitamina E foi capaz de reverter estas alteracoes
ao nivel do grupo controle. Os resultados descritos aqui sugerem que as
ectoenzimas estao envolvidas na modulacao de respostas imunes, vasculares
e neuroldgicas possuindo assim um papel relevante tanto na EM quanto em
modelos experimentais de desmielinizagdo. Além disso, a vitamina E pode
interferir com a hidrdlise dos nucleotideos de adenina bem como o estresse
oxidativo durante um evento desmielinizante sugerindo assim, que este
composto pode ser importante no tratamento de patologias desmielinizantes
com a EM.

Palavras chave: esclerose multipla, ectoenzimas, linfocitos, plaquetas,
desmielinizacéo, vitamina E.



Abstract

Multiple sclerosis (MS) is the main demyelinating disease of the central nervous
system (CNS). It is the most common cause of neurological disability among
young adults. Immune, neurological and vascular alterations are found in MS
and it has been postulated that oxidative stress may be involved in the
pathogenesis of this disease. The nucleotides ATP, ADP and nucleoside
adenosine are important molecules that modulate several biological processes
including thromboregulation, inflammation and neurotransmission. The control
of extracellular levels of these molecules and consequent purinergic signaling
induced by them is controlled by a variety of enzymes such as NTPDases
(Nucleotide Triphosphates Diphosphohydrolase), E-NPPs (Ecto-Nucleotide
Pyrophosphatase Phosphodiesterases), 5'-nucleotidase and adenosine
deaminase (ADA). Therefore, the objective of this study was to evaluate the
activity of these ectoenzymes in lymphocytes and platelets of patients with the
relapsing - remitting form of MS (RRMS) as well as the role of NTPDase and 5'-
nucleotidase in synaptosomes and platelets and oxidative stress parameters in
rats subjected to experimental demyelination with ethidium bromide (EB) and
treated with vitamin E. The results showed changes in ectoenzyme activities in
lymphocytes and platelets of RRMS patients. In lymphocytes, an increase in
NTPDase activity and expression along with a decrease in ADA activity was
observed in patients with RRMS when compared with the control group. A
decrease in NTPDase activity and expression and a decrease in E-NPP, 5'-
nucleotidase and ADA activities was observed in platelets of RRMS patients
when compared with healthy subjects. As for the experimental model, the
results showed that rats subjected to demyelination by EB demonstrated
increased NTPDase and 5'-nucleotidase activities in both synaptosomes and
platelets. When demyelinated rats were treated with vitamin E this increase in
NTPDase was reversed, however 5'-nucleotidase activity remained increased in
synaptosomes and platelets when compared with the control group.
Furthermore, we observed that oxidative stress parameters such as TBARS
content and non-protein thiols were increased and catalase activity was
decreased in demyelinated rats and that treatment with vitamin E reversed
these changes in the control group. The results reported here suggest that
ectoenzymes are involved in the modulation of immune, vascular and
neurological responses, thus having an important role both in MS and in
experimental models of demyelination. Moreover, vitamin E may interfere with
the hydrolysis of adenine nucleotides and oxidative stress during a
demyelinating event which suggests that this compound could be important in
the treatment of demyelinating diseases such as MS.

Key words: multiple sclerosis, ectoenzymes, lymphocytes, platelets,
demyelination, vitamin E.



Lista de abreviaturas

ADA - adenosina deaminase

ADP - adenosina difosfato

AMP - adenosina monofosfato

ATP - adenosina trifosfato

BE - brometo de etidio

EM - esclerose multipla

E-NPP - ecto -nucleotideo pirofosfatase/ fosfodiesterases
NTPDases - nucleosideo trifosfato difosfoidrolases
ERNSs - espécies reativas de nitrogénio

EROs - espécies reativas de oxigénio

IFN y- interferon gama

IFN B - interferon beta

IFN-B 1a - interferon beta la

IFN-B 1b - interferon beta 1b

IL2- interleucina 2

OPCs - células progenitoras de oligodendrocitos

PPEM - forma progressiva priméaria da esclerose multipla
PSEM - forma progressiva secundaria da esclerose multipla
SNC - sistema nervoso central

SREM - forma surto-remissao da esclerose multipla
TNFa - fator de necrose tumoral alfa

TBARS - substancias reativas ao acido tiobarbitdrico



1. Introducao

1.1 Esclerose Mudltipla

1.1.1 Historico

A historia oficial da Esclerose Mdltipla (EM) iniciou-se em meados do
século XIX, quando Robert Carswell e Jean Cruveilhier iniciaram seus
primeiros relatos sobre uma nova doenca. Em 1837, Carswell durante um
exame post mortem, encontrou estranhas lesbes na medula espinhal de um
individuo e em 1838, Cruveilhier publicou quatro casos associando os achados
histopatolégicos e clinicos dos pacientes e jA chamando a atencdo para a
caracteristica intermitente da doenca (Compston et al., 2005).

Em 1868, o mérito das descri¢cdes clinicas e anatdmicas detalhadas da
doenca foi atribuido ao neurologista Jean Charcot que foi o primeiro a
estabelecer ligacdes definitivas entre a sintomatologia e as alteracdes
patolégicas do sistema nervoso observadas nas amostras post mortem. A
condicao clinica foi descrita por Charcot como "esclerose em placas” e a EM
reconhecida como doenca distinta para a medicina (Compston et al., 2005).

Em 1884, Pierre Marie proporcionou o proximo grande passo na historia
da EM ao sugerir pela primeira vez que a doenca poderia ser causada por um
agente infeccioso. Esta observacao foi reforcada em 1935 por Thomas Rivers
mediante a producdo de um modelo experimental denominado encefalomielite
alérgica experimental e por Elvin Kab em 1949, o qual demonstrou um aumento
de imunoglobulina no liquor de pacientes com EM, confirmando assim, um
componente imunoldgico nesta patologia (Moreira et al., 2002).

Ao longo do século XX até a atualidade as pesquisas realizadas buscam

ainda compreender por que o0 sistema imunolégico gera essa resposta



inadequada na EM levando a desmielinizacdo. Neste contexto, pode-se
concluir que a historia da EM revela em seu curso muitas incertezas, erros e
frustracdes. Sua riqueza, no entanto, se destaca pela genialidade de alguns,
pela capacidade cientifica de outros e principalmente, pelo impeto de trabalho
de muitos para diminuir o sofrimento do préximo (Moreira et al., 2002).
Atualmente, a EM é uma das doencas neurologicas de maior pesquisa
cientifica em todo o mundo e o progresso obtido em seu conhecimento e

tratamento nos ultimos anos justificam grande otimismo.

1.1.2 Conceito e Etiologia

A EM é uma doenca inflamatéria do sistema nervoso central (SNC)
caracterizada pela localizagdo de mudltiplas placas de desmielinizagdo na
substancia branca encefélica e medular (Compston & Coles, 2008; Trapp &
Nave, 2008; Hart et al., 2009). Estas lesdes a bainha de mielina levam a
deficiéncia ou completa perda da transmissao do impulso nervoso causando
assim sinais e sintomas neuroldgicos intermitentes que com a evolucdo da
doenca podem agravar-se progressivamente (Kalb, 2000; Fox et al., 2006).

Os aspectos etiologicos da EM ainda constituem o alvo principal de
exaustivos estudos, entretanto a hipotese patogénica mais aceita é que a EM
seja fruto de uma predisposicdo genética associada a um fator ambiental
desconhecido que, ao se apresentarem num mesmo individuo originariam uma
disfungéo no sistema imune (Moreira et al., 2000; Compston & Coles, 2008).
Esta disfungdo mantém células T ativadas, as quais atravessam a barreira
hematoencefélica e desenvolvem uma acdo lesiva contra a mielina e os
oligodendrocitos ocasionando uma deficiéncia na conduc¢éo do impulso nervoso

com consequente aparecimento dos sintomas (Kalb, 2000).



1.1.3 Epidemiologia

A EM afeta adultos jovens na faixa etaria de 20 - 40 anos sendo a
incidéncia maior no sexo feminino e na raca branca (Kalb, 2000). E
considerada rara entre orientais, negros e indios; entretanto, alguns trabalhos
demonstraram uma porcentagem significativa da presenca de EM em
individuos de etnia negra (Moreira et al., 2000; Grzesiuk, 2006).

Geograficamente a EM incide com maior prevaléncia em populacdes
localizadas em zonas de clima temperado sendo considerada areas de alta
prevaléncia aquelas com numero de casos acima de 30/100000 habitantes,
meédia prevaléncia com numeros de casos entre 5 a 30/100000 habitantes e
baixa prevaléncia com numeros de casos inferior a 5/100000 habitantes
(Reipert, 2004). O Brasil € considerado um pais de baixa prevaléncia da EM,
entretanto estudos apontam que casos desta doenca sdo observados na quase
totalidade do territorio brasileiro (Moreira et al., 2000; Arruda et al., 2001,
Ferreira et al., 2004, Cardoso et al., 2006; Grzesiuk, 2006). Por ser uma
doenca que afeta adultos jovens a EM, traz consigo, uma grande sobrecarga
econdmica a sociedade devido a perda da forca de trabalho e do elevado custo
de tratamento, além do sofrimento individual e familiar associado ao curso

prolongado desta doenca.

1.1.4 Sintomatologia

Os sintomas da EM variam muito dependendo de quais regides do SNC
sdo afetadas pela desmielinizacdo (Reipert, 2004). Os sintomas mais comuns
compreendem distlrbios visuais como visdo embacada e diplopia; disturbios
relacionados a perda de equilibrio e coordenacgéo e parestesias descritas como

“formigamento” ou “adormecimento” podendo estar acompanhadas de



hipoestesia de um dos membros (Kalb, 2000; Fox et al., 2006). Além disso, a
fadiga também € considerada um dos sintomas mais comuns e costuma ser
excessiva, sobretudo no calor (Oliveira & Souza, 1998). Outros sintomas que
podem estar presentes na EM incluem o comprometimento esfincteriano que
apresenta-se na forma de incontinéncia ou retencéo urinaria e fecal, disfuncéo
sexual e alteracbes cognitivas (Kalb, 2000). Entretanto, o surgimento e a
severidade de todos estes sintomas descritos podem variar de acordo com o

curso clinico da doenca (Kalb, 2000; Oliveira & Souza, 1998).

1.1.5 Formas de Esclerose Multipla

O curso clinico da EM pode assumir trés formas principais: surto
remissdao (SREM), progressiva secundaria (PSEM) e progressiva primaria
(PPEM) (Wakerley et al., 2008). A maioria dos pacientes com EM (85%) inicia o
seu quadro clinico com a forma SREM a qual é caracterizada por uma série de
relapsos seguido pelo completo ou parcial desaparecimento dos sintomas.
Denomina-se surto ou relapso a ocorréncia aguda de sintomas como resultado
de episddios de inflamagdo no SNC, com a duragdo de pelo menos 24 horas,
podendo ocorrer separados por semanas, meses ou anos (Reipert, 2004).

Com o passar do tempo a forma SREM evolui para a forma PSEM onde
a recuperacéo dos sintomas torna-se incompleta, originando uma deterioragéo
progressiva da condi¢éo fisica ao longo do tempo (Reipert, 2004). A forma
menos comum e a PPEM que atinge cerca de 10 a 20% dos pacientes que é
caracterizada desde o inicio pela gradual progressdo da doenca sem surtos ou
remissdes, envolvendo um declinio das habilidades fisicas dos pacientes ao

longo do tempo (Reipert, 2004; Wakerley et al., 2008) (Figura 1).
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Figura 1- Formas da Esclerose Miiltipla (http:/éity.med.utah.edu/kw/ms).

1.1.6 Diagndstico

O diagndstico das formas clinicas da EM é realizado com base no
histérico do paciente e com o suporte dos exames de liquor, potencial evocado
visual, auditivo e somatosensorial, ressonancia magnética de cranio e medula,
excluindo-se outras doencas de natureza inflamatéria (Walkerley et al., 2008).

Primeiramente o neurologista faz um levantamento do histérico do
paciente incluindo queixas passadas e presentes e historia familiar. Além disso,
o médico pode realizar também testes simples para avaliar fragueza,
coordenacdo motora e alteragdes sensoriais (Kalb, 2000). No entanto, para a
confirmagdo do diagnéstico de EM o exame realizado é a ressonancia
magnética, a qual fornece evidéncia clara de les6es na substancia branca no
SNC (Minguetti, 2001). Outros exames utilizados para o diagnostico incluem os
potenciais evocados, 0s quais medem a velocidade em que diferentes
estimulos sensitivos ou sensoriais resultam em uma resposta mensuravel no
cérebro (Santos et al.,, 2003); e a andlise do liquido cefalorraquidiano que
permite detectar se ocorre uma elevacdo na imunoglobulina a qual € um

indicativo de anormalidades no sistema imune (Puccioni - Sohler et al., 2001).



Varios critérios para o diagnéstico foram propostos destacando-se
principalmente os descritos por Poser et al. (1983) e McDonald et al. (2001).
Esses critérios tém como objetivo demonstrar a disseminacdo das lesdes no
espaco e no tempo caracteristicos desta doenca. Os critérios de Poser séo
fundamentados nas alteracdes dos potenciais evocados e no exame de liquido
cefalorraquidiano para estabelecer o diagnostico. Devido a algumas falhas e
limitacbes dos critérios de Poser em 2001 foram estabelecidos novos critérios
de acordo com McDonald. Esses critérios se baseiam nos de Poser, mas foram
expandidos para abranger o uso da ressonancia magnética (Polman et al.,
2005; Mallan & Scolding, 2009). Os critérios de McDonald sédo hoje em dia o
padrdao para os estudos clinicos, e provavelmente continuardo a evoluir a
medida que melhorar o conhecimento, compreensdo e o tratamento desta

patologia desmielinizante.

1.1.7 Tratamento

A terapia realizada na EM tem trés objetivos principais: tratamento de
surtos, prevencao de futuras exarcebacdes e consequente progressao da
doenca e tratamento das complicagbes da EM (Wakerley et al., 2008).

Os glicocorticoides constituem a primeira linha de tratamento na fase de
surtos da EM e seus mecanismos de acdo séo diversos, podendo inibir a
proliferacéo de células T e a producgdo de citocinas. A conduta recomendada é
a administracao intravenosa na dose de 1g/dia durante trés a cinco dias,
sendo o tratamento cronico contra indicado uma vez que estes medicamentos
nao alteram o numero de surtos podendo contribuir para a piora do quadro

(Souza & Oliveira, 1999; Moreira et al., 2002; Neuhaus et al., 2003).
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Evidéncias indicando que o sistema imune esta envolvido na patogénese
da EM fizeram com que a partir de 1993 os imunomoduladores se tornassem
parte do arsenal terapéutico oferecendo real possibilidade de modificacdo do
curso e da progressdo da doenca. Os medicamentos imunomoduladores
atualmente utilizados sédo: o interferon B 1a (IFN-B1a) o interferon 3 1b (IFN-B1b)
e 0 acetato de glatiramer (Tilbery et al., 2000).

Os IFNs-B la sdo preparacbes recombinantes glicosiladas que tém a
cadeia de aminoacidos idéntica a do IFN-B natural humano. Estdo disponiveis
duas formulacbes: REBIF e AVONEX, sendo que o REBIF utlizado por via
subcuténea trés vezes por semana enquanto que AVONEX €& administrado por
injecdo intramuscular uma vez por semana (Tilbery et al., 2000). O IFN-B 1b
também €& recombinante, porém produzido por bactérias e ndo glicosilado. O
anico medicamento disponivel deste grupo é o BETAFERON sendo
administrado por via subcutanea em dias alternados (Tilbery et al., 2000;
Neuhaus et al., 2003; Fox et al., 2006).

O acetato de glatiramer (COPAXONE) é outro imunomodulador formado
por polipeptideos sintéticos compostos por quatro aminoacidos (alanina,
glutamina, lisina e tirosina), sendo administrado por injecdo subcutanea diaria
(Farina et al., 2005). Tanto o COPAXONE, quanto REBIF, AVONEX e
BETAFERON tém demonstrado grande eficacia na reducdo do numero e
severidade de surtos, além de reduzir também a formacdo de novas lesbes
cerebrais nas diferentes formas de EM (Tilbery et al., 2000, Moreira et al., 2002).

Embora ainda distantes de uma abordagem curativa, 0s avancgos
recentes permitem oferecer tratamento relativamente efetivo para os

portadores de EM. Sem duvida os estudos laboratoriais e os modelos
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experimentais contribuem para que as fronteiras terapéuticas se ampliem
buscando assim novos agentes que possam controlar fases especificas da

resposta imunologica.

1.1.8 Modelos Experimentais de Desmielinizacao

Devido aos mecanismos complexos e ainda pouco conhecidos em relagéo
ao processo de desmielinizacdo da EM numerosos modelos experimentais que
mimetizam esta condi¢cdo patologica tém sido desenvolvidos (Stangel &
Hartung, 2002). Tais modelos vém sendo utilizados com o objetivo de permitir o
conhecimento dos eventos celulares envolvidos, bem como sugerir formas de
intervencao terapéutica para restaurar a fungédo neurofisioldgica na EM.

Os principais modelos empregados para o0 estudo de eventos
desmielinizantes incluem a inducdo de reagBes imunoldgicas (Lavrnja et al.,
2009) e a administracdo de substancias tdéxicas como o cuprizone (Stangel &
Hartung, 2002), a lisolecitina (Lovas et al., 2000) e o brometo de etidio (BE)

(Bondan et al., 2000; Guazzo, 2005).

1.1.8.1 Modelo Experimental de Desmielinizacdo pel o Brometo de Etidio

O BE (3,8-diamino-5-etil-6-fenil-fenatridina) € um composto purpura
fluorescente, cuja molécula possui propriedades que permitem sua intercalacao
entre os pares de bases do DNA, causando desta forma uma alteracéo
conformacional da dupla hélice e, assim, impedindo sua replicacdo e
transcricdo (Luedtke & Tor, 2003; Guazzo, 2005). O BE é considerado uma
droga indutora de desmielinizacdo por destruir seletivamente células gliais:

astrocitos e oligodendrdcitos (Bondan, 1997; Gracga et al., 2001).
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O modelo experimental de desmielinizacdo pelo BE vem sendo estudado
desde a década de 80, e & considerado atualmente um dos modelos mais
utilizados para explorar a capacidade reparativa do sistema nervoso em
relacdo as lesdes na bainha de mielina (Graca & Blakemore, 1986; Stangel &
Hartung, 2002). O BE tem sido empregado para avaliar os eventos
relacionados a desmielinizacdo e remielinizacdo na medula espinhal (Fushini &
Shirabe, 2002), nervo 6ptico (Guazzo, 2005) e tronco encefalico (Bondan et al.,
2000; 2002).

As andlises histologicas tém demonstrado que a injecao intracisternal de
BE causa mudancas degenerativas nos oligodendrdcitos e astrécitos apos 72
horas da inducéo. Os axbnios desmielinizados aparecem apds o sexto dia da
injecdo e os primeiros sinais de remielinizacdo sdo evidentes a partir dos 12
dias, apresentando-se num estagio mais avancado nos 30 dias pos-injecédo
(Bondan, 1997; Bondan et al., 2000; Graca et al., 2001).

Embora este modelo seja de natureza toxica e, portanto ndo mimetize
uma reacdo auto - imune como ocorre na EM, ele tem sido amplamente
utiizado por apresentar boa reprodutibilidade de desmielinizacdo e
remielinizacdo podendo ser muito util no estudo de fatores celulares e
moleculares envolvidos nestes eventos. Sendo assim, este modelo
experimental pode ser muito importante para avaliar, por exemplo, o papel da
sinalizacdo purinérgica bem como o envolvimento do estresse oxidativo na

patologia desmielinizante.

1.2 Esclerose Mudltipla e o Sistema Imune e Nervoso

Postula-se que EM € uma doencga auto-imune direcionada contra a mielina

e oligodendrdcitos do SNC, afetando predominantemente o nervo 6ptico, a
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medula espinhal, o tronco cerebral e a substancia branca periventricular
(Oliveira & Souza, 1998). Embora o fator inicial bem como os antigenos alvos
desta doenca ainda ndo sédo conhecidos, tem sido demonstrado que células T
(CD4" e CD8"), células B, anticorpos, macréfagos e citocinas participam na
patogénese da EM (Markovic - Plese & McFarland, 2001).

Acredita-se que a doenca tenha inicio com a ativacéo periférica de células
T CD4+ (Thl), as quais uma vez ativadas séo capazes de atravessar a barreira
hematoencefalica por induzirem a expressdo de moléculas de adesdo e
enzimas proteoliticas (Dhib-Jalbut et al., 2006). No SNC estas células ao serem
expostas novamente a um auto - antigeno iniciam uma reacao inflamatéria com
a secrecdo de citocinas como interferon y (IFN-y) e interleucina 2 (IL-2), as
quais ativam macrofagos, células T e B (Neuhaus et al., 2003). Os macréfagos
e células T atacam a bainha de mielina liberando mediadores citotoxicos como
fator de necrose tumoral alfa (TNF-0), espécies reativas de oxigénio e Oxido
nitrico, enquanto que células B secretam anticorpos contra a mielina e
oligodendrocitos (Neuhaus et al., 2003). Como consequéncia ocorre a perda
das bainhas de mielina (desmielinizacdo) e alteracdes na transmissdao do

impulso nervoso (Figura 2).
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Figura 2 - Mecanismos imunes e inflamatdrios envolvidos na desmielilizagdo da EM. Adaptado de Neuhaus

et al. (2003).
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Nos estagios iniciais da doenca, essa lesdo desmielinizante pode evoluir
para uma remielinizacdo pelos oligodendrécitos sobreviventes preservando
assim a integridade axonal (Reipert, 2004). Entretanto, com o passar do tempo
a remielinizacdo torna-se menos frequente frente aos episodios agudos de
inflamacédo levando ao comprometimento axonal e a neurodegeneracdo
(Reipert, 2004). Além disso, em regibes onde ocorre desmielinizacdo os
astrocitos podem proliferar e preencher parte do espaco vago deixado pela
mielina e oligodendrdcitos formando uma cicatriz que recebeu o nome de
esclerose e que deu, portanto o nome a doenca (Markovic-Please &
McFarland, 2001).

Em sintese pode-se concluir que os principais eventos envolvidos na
formacdo das lesbes na EM incluem o rompimento da barreira
hematoencefalica, inflamacdo, desmielinizacdo, morte de oligodendrdcitos,
gliose reativa e degeneracdo axonal (Markovic-Please & McFarland, 2001),
sendo que dependendo da regido do SNC que é afetada estes eventos

alterardo a funcionalidade de diferentes 6rgéos e sistemas.

1.3 Esclerose Mdltipla e o Sistema Vascular

Em 1935 Putnam formulou a hipétese vascular da EM baseado na
observacédo que placas desmielinizantes tinham uma distribuicdo perivascular e
gue ocorria trombose nas veias cerebrais situadas no centro destas placas
(Putnam, 1935). A partir da década de 60 numerosos trabalhos foram
publicados sugerindo que as plaquetas seriam as responsaveis pela formagéo
de trombos nas veias cerebrais e, portanto teriam um envolvimento na etiologia

da EM (Millar et al.,1966; Neu et al., 1982; Cananzi et al., 1987).
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Os trabalhos realizados neste periodo demonstraram que plaquetas de
pacientes com EM apresentavam um aumento na adesdo, na agregacao
plaquetéaria induzida por ADP e reduzida sintese de prostaglandinas (Millar et
al., 1966; Neu et al., 1982). Estas alteracbes foram associadas ao fato que o
processo desmielinizante liberaria a proteina basica de mielina na circulagéo, a
qual poderia alterar a membrana das plaquetas, alterando assim as suas
funcdes (Chiang et al.; 1982; Neu et al., 1982). Além disso, esse aumento na
adesao e agregacao poderia levar a trombose de pequenas veias cerebrais e
acelerar o processo desmielinizante (Neu et al., 1982).

Estudos mais recentes também tém evidenciado a ocorréncia de
trombose venosa cerebral em pacientes com EM (Wakefield et al., 1994,
Bunyan & Ogunniyi, 1997; Vandenberg et al., 2003). Além disso, niveis
elevados de dimeros D, homocisteina, colesterol e proteina C reativa foram
observados em pacientes com EM, demonstrando que parametros de
coagulacdo e bioquimicos estdo alterados nesta patologia (Aksungar et al.,
2008). Os marcadores de ativacdo plaquetaria tem sido também encontrados
por estarem aumentados em pacientes com EM, sugerindo que esta ativacao
pode ser consequéncia do processo da doenca, possivelmente devido a injaria
endotelial (Sheremata et al., 2008). Embora todos estes estudos demonstrem
que ocorrem alteracdes em parametros de coagulacdo e na funcéo plaquetéaria
0S mecanismos envolvidos e o significado disso para a patogénese da doenca

ainda nao sdo conhecidos.

1.4 Sistema Purinérgico

A sinalizagdo purinérgica constitui-se atualmente um importante alvo de

estudos devido ao seu papel em modular uma variedade de processos
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biolégicos incluindo tromboregulacdo, inflamacdo e neurotransmissao
(Burnstock, 2006; Robson et al., 2006; Di Virgilio, 2007; Schetinger et al.,2007).

O sistema purinérgico envolve trés componentes principais: 0s
nucleotideos e nucleosideos extracelulares, os receptores através dos quais
estes nucleotideos e nucleosideos exercem seus efeitos e as ectoenzimas
responsaveis pelo controle dos niveis extracelulares destas moléculas

(Yegutkin, 2008).

1.4.1 Nucleosideos e Nucleotideos de Adenina

Os nucleosideos sdo moléculas resultantes da unido de uma base
purica ou pirimidica a uma pentose. Exemplos destas moléculas incluem a
citidina, a uridina, a guanosina, a timina, a inosina e a adenosina. Quando
estes nucleosideos séo fosforilados por quinases especificas formam
moléculas denominadas de nucleotideos (Atkinson et al., 2006).

Os nucleotideos de adenina ATP, ADP e AMP e seu correspondente
nucleosideo adenosina sao considerados importantes moléculas sinalizadoras
em varios tecidos (Yegutkin, 2008). Tem sido demonstrado que o ATP, o ADP
e a adenosina regulam processos relacionados a tromboregulacdo, modulam
respostas imunes e sinalizam vias que sao cruciais para o funcionamento e
desenvolvimento do sistema nervoso (Burnstock, 2002).

No sistema vascular estas moléculas tém o potencial de influenciar
funcBes cardiacas, participar de respostas vasomotoras e controlar as funcdes
plaquetéarias (Atkinson et al., 2006). O ADP constitui-se no principal agonista
envolvido no recrutamento e agregacdo das plaguetas em locais de injuria
vascular (Remijn et al., 2002), enquanto que o ATP em altas concentracdes é

inibidor competitivo das acdes mediadas pelo ADP (Soslau & Youngprapakorn,
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1997). Além disso, a adenosina é um potente inibidor da agregacao plaquetaria
e também atua como modulador do ténus vascular (Anfossi et al., 2002).

O ATP e a adenosina também estdo envolvidos na regulacdo de muitas
respostas imunes e inflamatérias (Bours et al., 2006). O ATP € uma molécula
que possui funcdes pro-inflamatdrias como a estimulacdo e a proliferacdo de
linfécitos sendo essencial para a liberacdo de citocinas como a interleucina 2
(IL-2) e o interferon y (IFN-y) (Langston et al., 2003; Bours et al., 2006). Por
outro lado, a adenosina tem potentes atividades anti-inflamatérias e
imunossupressoras por inibir a proliferacdo de células T através da ativacao de
receptores Az € a liberacao de citocinas pro-inflamatérias (Gessi et al., 2007).

O papel do ATP e da adenosina na neurotransmissdo e na
neuromodulacdo do sistema nervoso também tem sido bem estabelecido. O
ATP € um neurotransmissor excitatorio nas sinapses nervosas purinérgicas,
podendo ser também co-liberado juntamente com outros neurotransmissores
como a acetilcolina e a noradrenalina (Gibb & Halliday, 1996; Burnstock, 2006);
enquanto que adenosina age na neuromodulacdo regulando a liberacdo de
varios neurotransmissores (Dunwiddie & Masino, 2001). Além disso, tem sido
demonstrado que estas moléculas também estdo envolvidas na sinaptogénese,
na plasticidade neuronal, na proliferacdo de células gliais e na diferenciacéo de
células progenitoras de oligodendrdcitos (OPCs) (Rathone et al., 1999; Neary &

Zimmermann, 2009).

1.4.2 Receptores Purinérgicos
Todas as fung¢des dos nucleotideos sdo mediadas através de receptores
purinérgicos localizados na superficie de varios tipos de células (Yegutkin,

2008). Esses receptores dividem-se em dois grupos: P2X e P2Y. P2X séo
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receptores acoplados a canais i6nicos com seus dominios carboxi e
aminoterminal voltados para o meio intracelular e compreendem sete subtipos
nomeados de P2X;.; (Di Virgilio et al., 2001). P2Y sao receptores acoplados a
proteina G apresentando sete regides transmembrana com a porcao
aminoterminal voltada para meio extracelular e a por¢cdo carboxiterminal
voltada para o meio citoplasméatico compreendendo 14 subtipos os quais foram
nomeados de P2Y1.14 (Yegutkin, 2008). Os receptores para adenosina incluem
quatro tipos: Aj;, Aoa, Ag € Az, 0S quais sdo proteinas transmembrana

acoplados a proteina G (Figura 3) (Hasko et al., 2008; Yegutkin, 2008).

AT »eer AD[P wr AP »> ACO®
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P2X4.7 P2Y1 2.46,11,12,13,14

Figura 3 - Tipos de receptores para nucleotideos e nucleosideos de adenina.

(Yegutkin, 2008).

1.4.3 Enzimas que Degradam Nucleotideos e Nucleosid eos de Adenina

O controle dos niveis extracelulares dos nucleotideos e nucleosideos de
adenina e a consequente sinalizacdo purinérgica por eles induzida através dos
receptores, € realizada por uma variedade de enzimas ancoradas ha
membrana celular ou localizadas no meio intersticial de forma solavel
(Zimmermann et al., 2007). Dentre estas enzimas pode-se destacar as E-

NTPDases (Ecto-Nucleosideo Trifosfato Difosfoidrolase), a familia das E-NPPs
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(Ecto-Nucleotideo  Pirofosfatase/Fosfodiesterases), 5-nucleotidase e a
adenosina deaminase (ADA) (Robson et al., 2006; Yegutkin, 2008).

Estas enzimas atuam em conjunto, formando uma cadeia enzimatica
que tem inicio com a acdo da E-NTPDase e da E-NPP, as quais catalisam a
hidrolise de ATP e do ADP formando AMP (Zimmermann et al., 2007). A seguir
a enzima 5’-nucleotidase hidrolisa a molécula de AMP formando adenosina, a
qual posteriormente € degradada pela acdo da ADA gerando inosina (Figura 4)

(Yegutkin, 2008).

1
@ 3 4
AT ADP AMP = Ade = Ine

1. E-NPP ATP - AMP + PP
2. E-NTPDase ATP - ADP + P;; ADP -+ AMP + P;
3. Ecto-5'-nucleotidase AMP =+ adenosina + P;

4. Adenosina deaminase Adenosina =+ Inosina

Figura 4 - Enzimas envolvidas na degradacdo extracelular de nucleotideos e

nucleosideos de adenina. Adaptado de Yegutkin (2008).

1.4.3.1 NTPDases e 5'- Nucleotidase

As NTPDases sdo uma familia de enzimas responsaveis pela hidrélise de
nucleotideos tri e difosfatados (Zimmermann et al., 2007). Esta classe de
enzimas inclui oito membros nomeados de NTPDase 1-8 que diferem quanto a
especificidade por substratos, distribuicédo tecidual e localizacdo celular. Quatro

destas enzimas estao localizadas na membrana celular com seu sitio catalitico
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voltado para o meio extracelular (NTPDase 1, 2, 3 e 8) e quatro delas exibem

localizac&o intracelular (NTPDase 4, 5, 6 e 7) (Figura 5) (Robson et al., 2006).

NTPDase8
(NTP>NDP) |,

NTPDase1
(NTP - NDP)

NTPDase2 LA
(NTP >>>NDP) M

h NTPDase3
(NTP>NDP)
m

NTPDase6 f

(GDP>IDP>UDP)

3

h
NTPDase4
m (UDP>GDP>CDP)

NTPDase5
(UDP>GDP>CDP)m h m h
NTPDase7

(UTP,GTP,CTP)

Figura 5 - Membros da familia da NTPDase (Robson et al., 2006).

A NTPDase 1 esta ancorada na superficie celular através de duas regides
transmembranas proximas ao grupamento amino e carboxi terminal sendo
capaz de hidrolisar tanto ATP como ADP formando AMP na presenca de ions
Ca’* e Mg?* (Robson et al., 2006). Esta enzima foi primeiramente identificada
como um marcador de ativacdo de linfocitos B (Dwyer et al., 2007), entretanto
trabalhos demonstraram que ela é expressa também em uma variedade de
outras células, por exemplo, células neuronais (Wang & Guidotti, 1998) e
plaquetas (Pilla et al., 2006).

A ecto-5'-nucleotidase € uma glicoproteina ligada a membrana via um
glicosil fosfatidilinositol (GPI) com seu sitio catalitico voltado para o meio
extracelular sendo responsavel pela hidrolise de AMP gerando adenosina

(Strater, 2006). Esta enzima € amplamente encontrada em uma variedade de
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tecidos como rins, figado, encéfalo, pulméo, endotélio vascular, plaguetas e
células do sistema imune (Colgan et al., 2006).

A funcédo geral da NTPDase e da 5'-nucleotidase tem sido principalmente
atribuida a hidrdlise extracelular dos nucleotideos ATP, ADP e AMP e a
geracdo de adenosina, portanto dependendo da localizacao tecidual a atividade
enzimatica possui diferentes papéis fisioldgicos. Sendo assim, nos ultimos anos
o papel destas enzimas tem sido avaliado em varias condicbes patologicas
como o cancer (Araugjo et al., 2005), o diabetes (Lunkes et al., 2003), o infarto
agudo do miocardio (Bagatini et al., 2008) e na sindrome da imunodeficiéncia
adquirida (AIDS) (Leal et al., 2005). Além disso, em modelos experimentais de
desmielinizacdo tem sido demonstrado que a atividade da NTPDase e 5'-
nucleotidase encontraram-se aumentadas no SNC, possivelmente funcionando
COmMo um mecanismo compensatorio para gerar adenosina, uma molécula com
funcdes neuroprotetoras e imunossupressoras (Spanevello et al., 2006; Lavrnja

et al., 2009).

1.4.3.2 Ecto-Nucleotideo Pirofosfatase/Fosfodiesterase (E-N  PP)

A familia das E-NPPs é constituida por sete enzimas nomeadas de
NPP1 até NPP7, sendo numeradas de acordo com sua ordem de descoberta
(Yegutkin, 2008). Com excecao a NPP2, que é secretada no meio extracelular,
todos os demais membros séo ligados a membrana por um Unico dominio
transmembrana. As NPP1 e 3 tém uma orientagdo transmembrana do tipo I,
com sua porgcdo aminoterminal voltada para o meio intracelular, enquanto que
as NPPs 4-7 tém uma orientacdo do tipo | com sua porgdo aminoterminal

voltada para o meio extracelular (Figura 6) (Stefan et al., 2006).
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Figura 6 - Estrutura das enzimas da familia da Ecto-Nucleotideo
Pirofosfatase/Fosfodiesterase (E-NPP) (Stefan et al., 2006).

A familia das E-NPPs possuem uma ampla especificidade por substratos
e sao capazes de hidrolisar ligacdes pirofosfato e fosfodiéster de nucleotideos,
acidos nucléicos, nucleotideos de acucar bem como de fosfodiésteres de colina
(Stefan et al., 2005). Entretanto somente as NPP1-3 sdo capazes de hidrolisar
nucleotideos e sao, portanto relevantes no contexto da cascata de sinalizacao
purinérgica (Stefan et al., 2006; Yegutkin, 2008).

As E-NPPs possuem uma ampla distribuicdo tecidual o que Ihe confere
multiplos papéis biolégicos, incluindo reciclagem de nucleotideos, modulacdo
da sinalizacdo purinérgica, regulacdo dos niveis de pirofosfato extracelular,
proliferacdo e motilidade celular (Stefan et al., 2005; 2006). Além disso,
alteracdes na atividade e expressdo das E-NPPs tem sido observadas em
varias patologias incluindo disfuncées na mineralizacdo O6ssea, cancer e
diabetes, contudo os mecanismos envolvidos ainda ndo estdo completamente

elucidados (Stefan et al., 2005; Terkeltaub, 2006; Maldonado et al., 2008).
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1.4.3.3 Adenosina Deaminase (ADA)

A enzima ADA também faz parte do conjunto de enzimas responsaveis
pela degradacdo sequencial dos nucleotideos e nucleosideos de adenina
(Yegutkin, 2008). A ADA é responsavel pela deaminacédo da adenosina com a
consequente producdo de inosina regulando assim, as concentracdes
extracelulares deste nucleosideo (Franco et al., 1997).

Estudos tém demonstrado que pelo menos duas proteinas sao
responsaveis pelo ancoramento da ecto-ADA na membrana celular. A primeira
a ser identificada foi a CD26, uma proteina de membrana, e a segunda é o
receptor de adenosina A; (Yegutkin, 2008). Além da sua propriedade catalitica,
tém sido relatado que ecto-ADA ao interagir com as proteinas CD26 e A; pode
ser importante no contato entre diferentes tipos de células e assim possuir um
papel relevante para o desenvolvimento do sistema nervoso e imune (Franco et
al., 1997).

O interesse pela ADA iniciou com a observagao que pacientes com uma
deficiéncia nesta enzima apresentavam imunodeficiéncia combinada, a qual é
caracterizada por linfopenia, anormalidades pulmonares e neuroldgicas (Aldrich
et al.,, 2000). A base metabdlica desta imunodeficiéncia € relatada a
sensibilidade dos linfécitos a acumulagdo dos substratos adenosina e
deoxiadenosina. Ambos os mecanismos imunes celular e humoral diminuem
devido ao baixo numero de linfécitos no sangue e consequentemente,
pacientes sem tratamento morrem por varias infec¢des oportunistas (Aldrich et
al., 2000). Estes estudos associados a outras evidéncias demonstram que a
ADA possui um papel importante na diferenciacdo e proliferacdo de linfocitos,

sendo assim ela tem sido usada para monitorar varias patologias na qual o
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sistema imune esta envolvido e alteracbes em sua atividade tém sido
considerada um indicador de distarbios imunoldgicos (Hitoglou et al., 2001;

Poursharifi et al., 2008).

1.5 Estresse Oxidativo
1.5.1 Radicais Livres e Defesas Antioxidantes

Os radicais livres sao definidos como qualquer atomo, molécula ou
fragmentos moleculares contendo um ou mais elétrons desemparelhados nas
suas camadas de valéncia (Ferreira & Matsubara, 1997). Esta configuracéo faz
dos radicais livres moléculas altamente instaveis, com meia vida muito curta e
guimicamente muito reativos (Barreiros & David, 2006).

Os radicais derivados do metabolismo do oxigénio e nitrogénio
representam a classe mais importante de espécies radicais geradas nos
sistemas bioldgicos. Exemplos destes radicais incluem: radical hidroxila (OH),
anion superoéxido (Oy) e éxido nitrico (NO") (Barreiros & David, 2006). Existem,
entretanto, compostos igualmente téo reativos quanto os radicais livres que n&o
apresentam elétrons desemparelhados na sua Ultima camada e, portanto ndo
podem ser classificados como radicais livres (Ferreira & Matsubara, 1997).
Essas substancias sdo nomeadas de maneira mais ampla como espécies
reativas de oxigénio (EROs) ou espécies reativas do nitrogénio (ERNs) para
incluir o peréxido de hidrogénio (H,0,), oxigénio singlet (*O,) e o peroxinitrito
(ONOOQ)) (Halliwell, 2006).

Essas espécies reativas sdo continuamente produzidas no organismo
durante o metabolismo celular e podem desempenhar fungdes fisiologicas
importantes quando em concentragcdes baixas ou moderadas, incluindo a

regulacdo do tdnus vascular e fagocitose (Bianchi & Antunes, 1999; Droge,
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2002). Entretanto, quando em excesso no organismo séo prejudicais causando
sérios danos as macromoléculas biolégicas, como lipideos, proteinas e DNA
(Barreiros & David, 2006).

A producdo continua de espécies reativas durante 0s processos
metabdlicos levou ao desenvolvimento de muitos mecanismos de defesa
antioxidante nos organismos para limitar os niveis destas espécies e proteger
as células contra os efeitos da oxidacdo de macromoléculas (Ferreira &
Matsubara, 1997). Esses agentes que protegem as células contra o efeito dos
radicais podem ser classificados como antioxidantes enzimaticos e nao
enzimaticos. Dentre 0s enzimaticos destacam-se a superoxido dismutase, a
catalase e a glutationa peroxidase, enquanto que 0s ndo enzimaticos incluem a
vitamina C, a vitamina E e a glutationa reduzida (Vanucchi et al.,1998; Bianchi
& Antunes, 1999).

Sob condi¢des fisioloégicas normais, existe um equilibrio entre a
formacdo de espécies reativas e a sua eliminacdo pelo sistema antioxidante.
Denomina-se estresse oxidativo a situagcdo em que ha um desequilibrio entre
0s niveis de antioxidantes e prooxidantes, com o predominio destes ultimos.
Isso pode acontecer devido a diminuicdo dos sistemas de defesa antioxidante,
ou 0 aumento da geracdo de espécies reativas, podendo resultar assim em
danos em macromoléculas e diversas estruturas celulares que, se ndo forem
reparados, alterardo a funcionalidade de tecidos e 6rgaos (Barreiros & David,
2006). Atualmente, o estresse oxidativo tem sido relacionado a etiologia de
vérias doencas incluindo desordens neurodegenerativas como Parkinson,

Alzheimer e EM (Porto, 2001; Emerit et al., 2004; Gilgun-Sherki et al., 2004).
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1.5.2 Estresse Oxidativo e a Esclerose Multipla

As espécies reativas geradas em excesso durante a ativacéo de células
inflamatorias tém sido implicadas como mediadoras de desmielinizacdo e dano
axonal na EM (Gilgun-Sherki et al., 2004).

Estudos realizados com portadores de EM tem demonstrado um
aumento nos niveis de moléculas oxidantes bem como uma diminuicdo nos
sistemas de defesa antioxidantes. Produtos resultantes da peroxidacao lipidica
encontram-se aumentados em soro e plasma tanto durante os surtos quanto
durante a fase de remisséo e progressiva, indicando que a peroxidacao ocorre
na EM e pode contribuir para os danos a lipidios na bainha de mielina
(Toshniwal & Zarling, 1992; Koch et al., 2006; 2007). Niveis aumentados de
proteina carbonil também foram detectados na substancia branca e cinzenta
em amostras post mortem de pacientes com EM sugerindo que a oxidacdo de
proteinas também esta envolvida no dano tecidual (Bizzozero et al., 2005).
Além disso, uma diminuicdo na atividade da superéxido dismutase em
eritrocitos também foi descrita nesta patologia (Kopff et al.,1993).

Devido aos varios trabalhos que abordam a relacdo do estresse
oxidativo com a EM, nos ultimos anos este tema tem adquirido relevancia
clinica (Schreibelt et al., 2007) e o uso de antioxidantes vem sendo avaliado
como uma importante estratégia terapéutica para impedir a desmielinizagédo
(Gilgun-Sherki et al., 2004). Entretanto, o desenvolvimento de antioxidantes
bem como seus efeitos no sistema nervoso esbarra na necessidade de um
maior entendimento sobre a estrutura e processos de transporte através da
barreira hematoencefélica (Gilgun-Sherki et al., 2004). Sendo assim, poucos

estudos foram realizados para avaliar os efeitos de antioxidantes em pacientes
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com EM sendo a maioria dos resultados obtidos restritos a modelos
experimentais de desmielinizacdo (Lehmann et al.,1994; Moriya et al., 2008,
Mazzanti et al., 2009).

Nos ultimos anos tem sido bem estabelecido o papel da vitamina E como
um importante antioxidante (Traber & Atkinson, 2007). Este fato juntamente
com as evidéncias indicando que processos neurodegenerativos estédo
associados com o estresse oxidativo, levaram a idéia que muitas desordens
neuroldgicas poderiam ser prevenidas pela propriedade antioxidante da
vitamina E (Ricciarelli et al., 2007). Entretanto, poucos sao os estudos que
demonstram o papel antioxidante da vitamina E in vivo e os testes clinicos
realizados apresentam resultados controversos em relacdo a desordens do
SNC (Vatassery et al.,1999; Ricciarelli et al., 2007).

Os efeitos da vitamina E em patologias desmielinizantes ainda sé&o
pouco conhecidos. Odinak et al. (2002) demonstraram que pacientes com EM
tratados com um complexo de antioxidantes contendo vitamina E tiveram uma
reducdo no numero de surtos, entretanto os mecanismos pelos quais isso
ocorre ndo esta ainda bem determinado. E importante considerar que além do
papel antioxidante varias outras propriedades da vitamina E tem sido descritas
nos ultimos anos, como ac¢do antiinflamatéria (Grammas et al.,, 2004),
neuroprotetora (Navarro et al., 2005), antiagregante (Freedman & Keaney,
2001) atuando também na regulacdo da transducdo de sinal e expressao de
genes (Brigelius-Flohé, 2009). Todas essas propriedades podem contribuir
para os efeitos benéficos da vitamina E e podem ser importantes para o

tratamento de vérias patologias incluindo a EM.
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Sendo assim, torna-se importante avaliar os efeitos da vitamina E em um
modelo experimental de desmielinizacdo com o objetivo de contribuir para um

melhor entendimento dos efeitos deste composto frente a episodios de

desmielinizacéao.
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2. Objetivos

2.1 Objetivo Geral

Investigar a atividade das enzimas NTPDase, 5'-nucleotidase, E-NPP e
ADA em linfocitos e plaquetas de pacientes com a forma surto remissao da EM,
bem como em um modelo experimental de desmielinizagdo associado ao

tratamento com vitamina E.

2.2 Objetivos Especificos

- Avaliar a atividade e expressao da NTPDase, bem como a atividade da ADA

em linfocitos de pacientes com a forma surto remisséao da EM.

- Analisar a atividade das enzimas NTPDase, 5'-nucleotidase, E-NPP e ADA
em plaquetas e o perfil de agregagdo plaquetaria em pacientes com a forma

surto remissao da EM.

- Avaliar a atividade das enzimas NTPDase e 5-nucleotidase em
sinaptossomas e plaquetas e parametros de estresse oxidativo em ratos
submetidos a desmielinizacdo subcortical pelo BE associado ao tratamento
com vitamina E. Além disso, verificar também os efeitos neuroprotetores da
vitamina E através de meétodos histologicos, imunohistoquimicos e andlise

morfométrica das lesdes desmielinizantes.
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3. Metodologia e Resultados

Os resultados desta tese estdo apresentados na forma de um
manuscrito e dois artigos cientificos, os quais foram divididos em capitulos 1, 2
e 3 respectivamente. Os itens materiais e métodos, resultados, discusséo e
referéncias bibliograficas encontram-se no proprio manuscrito e artigos e
representam a integra deste estudo. O manuscrito esta estruturado de acordo
com as normas da revista cientifica para a qual foi submetido.

A carta de aprovacdo do Comité de Etica da Universidade Federal de
Santa Maria e o Termo de Consentimento Livre e Esclarecido que permitiram a
realizacdo de estudos envolvendo portadores de Esclerose Mdltipla encontram-

se nos Anexos | e Il, respectivamente.



31

Capitulo 1

Manuscrito

The activity and expression of NTPDase is alteredi n

lymphocytes of multiple sclerosis patients

Roselia M. Spanevello, Cinthia M. Mazzanti, Roberta Schmatz, Gustavo Thome,
Margarete Bagatini, Maisa Correa, Luziane Bellé, Maria B. Moretto, Liliane

Oliveira, Vera M. Morsch, Maria R. C. Schetinger

Submetido a Revista Clinica Chimica Acta
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Abstract

Blackground: Multiple sclerosis (MS) is a demyelinating neurological disease,
which is presumed to be a consequence of infiltrating lymphocytes that are
autoreactive to myelin proteins. ATP and adenosine contribute to fine-tuning
immune responses and NTPDase (CD39) and adenosine deaminase (ADA) are
important enzymes in the control the extracellular levels of these molecules at
the site of inflammation. The aim of the present study was to evaluate the
activity and expression of NTPDase and adenosine deaminase (ADA) activity in
lymphocytes from patients with the relapsing — remitting form of MS (RRMS).
Methods: This study was realized on 22 patients with RRMS and 22 healthy
subjects as a control group. The lymphocytes were isolated from human blood
collected with EDTA and separated on ficoll density gradients and after
isolation the NTPDase and ADA activities were determined.

Results: The results obtained show that NTPDase activity and expression were
increased in lymphocytes from RRMS patients when compared with the control
group (p<0.05). In addition, a decrease in ADA activity was observed in
lymphocytes from these patients when compared to the control group (p<0.05).
Conclusions: These findings suggest that the regulation of ATP and adenosine
levels by NTPDase and ADA activities may be important to preserve cellular

integrity and to modulate the immune response in MS.

Key words : multiple sclerosis, lymphocytes, NTPDase, adenosine deaminase
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1. Introduction

Multiple sclerosis (MS) is the most common chronic demyelinating
disease of the central nervous system (CNS) and predominantly affects young
adults, leading to permanent disability in a large proportion of patients [1,2]. It is
now well accepted that MS is an immunologically mediated disease directed
against CNS myelin or oligodendrocytes and that both cell and humoral immune
mechanisms may contribute to demyelination and axonal damage [3,4].
However, the importance of these findings in the understanding of the
pathogenesis and mechanisms involved in MS remains under investigation.

Over the last decade, it has been established that purinergic signaling
contributes to the fine-tuning of inflammatory and immune responses [5,6]. The
overwhelming evidence indicates that extracellular ATP acting through specific
cell surface receptors is involved in proinflammatory functions such as
stimulation and proliferation of lymphocytes and cytokine release [5,7]. On the
contrary, its breakdown product, adenosine, exhibits potent anti-inflammatory
and immunosuppressive action by inhibiting proliferation of T cells and secretion
of cytokines [8 -10].

Extracellular ATP and adenosine levels and the ensuing purinergic
signaling can be dynamically controlled during inflammation by the action of
enzymes expressed in immune cells [5]. NTPDase (CD39) is the membrane -
bound enzyme involved in the breakdown of ATP and ADP to AMP which is
sequentially hydrolyzed by 5’-nucleotidase to adenosine [11-13]. CD39 was first
described as a B lymphocyte activation marker, however this ectonucleotidase
is also expressed on natural killer (NK) cells, monocytes and activated T cells

[5,14]. CD39 has powerful functions in the immune system including cytokine
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expression, cell-cell adhesion and cell proliferation and apoptosis via
modulation of ATP levels [15]. Most importantly, alterations in the activity of this
enzyme can be very important in immune diseases [16].

Adenosine deaminase (ADA) is considered to be a key enzyme in purine
metabolism, catalyzing the irreversible deamination of adenosine and
deoxyadenosine to inosine and deoxyinosine respectively, closely regulating
extracellular adenosine concentrations [17]. ADA is present in all cell types, but
high ADA activity is present in the thymus, lymphoid tissues and peripheral
lymphocytes. It has been demonstrated that this enzyme plays an important role
in lymphocyte function and is essential for the normal growth, differentiation and
proliferation of T lymphocytes [17,18]. The observation that ADA deficiency
leads to severe combined immunodeficiency syndrome points to the
physiological importance of controlling extracellular adenosine levels in the
immune system [19].

Due to the fact that NTPDase and ADA control the levels of two potent
and counteractive immunomodulatory molecules, ATP and adenosine, and that
abnormal level of these enzymes may be associated with an autoimmune
pathology; the aim of the present study was to evaluate NTPDase and ADA
activities in lymphocytes from patients with the relapsing — remitting form of MS

(RRMS).

2. Material and Methods
2.1. Chemicals

Nucleotides and Trizma base were purchased from Sigma (St. Louis,
MO, USA). Ficcoll - Histopaque (Lymphoprep ™) was purchased from Nycomed

Pharma (Oslo, Norway). Antibodies for the flow cytometry analysis, R-
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Phycoerythrin (R-PE) — conjugated mouse anti-human monoclonal antibody
against CD39 and fluorescein isothiocyanate (FITC) — conjugated mouse anti-
human monoclonal antibody against CD45, were purchased from BD
PharMingen Technical Data Sheet (San Jose, CA, USA). All other reagents

used in the experiments were of analytical grade and the highest purity.

2.2. Patients

The sample consisted of 22 MS patients and 22 healthy subjects as a
control group. The diagnosis of MS was based on the McDonald criteria [20]
and all patients had the RRMS form. All patients were receiving current
iImmunosuppressive therapy or other medications. The general characteristics
of the patients are shown in Table I. All subjects gave written informed consent
to participate in this study and the Human Ethics Committee of the Health
Science Center from the Federal University of Santa Maria approved the
protocol under number 23081.007854/2007-44. Twelve milliliters of blood were
obtained from each patient and used for lymphocyte preparation and other

biochemical determinations. The same procedure was carried out for the control

group.

2.3. Isolation of lymphocytes from human blood
Lymphocytes were isolated from human blood collected with EDTA and

separated on Ficoll-Histopaque density gradients as described by Béyum [21].

2.4. NTPDase enzyme assays
After lymphocyte isolation, NTPDase activity was determined as described

by Leal et al. [22] where the reaction medium contained 0.5 mM CaCl,, 120 mM
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NaCl, 5 mM KCI, 6 mM glucose and 50 mM the Tris HCI buffer pH 8.0, at a final
volume of 200 pl. Twenty microliters of the intact mononuclear cells suspended
in saline solution were added to the reaction medium (2-4 ug of protein) and
pre-incubated for 10 min at 37° C and incubation proceeded for 70 minutes.
The reaction was initiated by the addition of substrate (ATP or ADP) at a final
concentration of 2.0 mM and stopped with 200 pl of 10% trichloracetic acid
(TCA). The released inorganic phosphate (Pi) was assayed by the method of
Chan et al. [23] using malachite green as colorimetric reagent and KH,PO, as
standard. Controls were carried out by adding the enzyme preparation after
TCA addition to correct for non-enzymatic nucleotide hydrolysis. All samples
were run in triplicate and the specific activity is reported as mol Pi

released/min/mg of protein.

2.5. Flow cytometry analysis for CD39

Peripheral blood cells were incubated with anti CD39 and anti CD45 (20
uL/ 10° cells) for 25 min, lysed with reagent FACS (Fluorescent Activated Cell
Sorter) lysis and incubated again for 15 min in the dark. Cells were washed
twice in PBS buffer (pH 7.4) containing 0.02% (W/V) sodium azide and 0.2%
(W/) BSA. The cells were then resuspended in PBS buffer (pH 7.4) and
immediately analyzed by FACScalibur flow cytometer using Cell quest software

(Becton Dickinson, San Jose, CA, USA) without fixation.

2.6. ADA enzyme assay
Adenosine deaminase activity was measured spectrophotometrically in
lymphocytes by the method of Giusti and Gakis [24]. The ammonia produced

was measured using the colorimetric technique of the Berthelot reaction.
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Briefly, ammonia reacts in the presence of the catalyst sodium
nitrosylpentacyanoferrate (lll) with hypochlorite and phenol, under alkaline
conditions, to form the intense blue indophenol. The ammonia concentration is
directly proportional to the absorption of indophenol at 650nm. The reaction
catalyzed by ADA is interrupted at the end of the incubation period (60
min/37°C) by the addition of a nitroprusside and phenol solution. The specific

activity is reported as U/L.

2.7. Protein Determination
Protein was measured by the Coomassie blue method according to

Bradford [25] using serum albumin as standard.

2.8. In vitro effects of drugs used in the treatment of patients with acute MS on
NTPDase and ADA activities

The in vitro effects of interferon B, paracetamol and clonazepam on
NTPDase and ADA activities were evaluated. Isolated lymphocytes from
healthy subjects were incubated with different concentrations of these drugs in
the medium reaction as previously described. All concentrations of interferon 3,
paracetamol and clonazepam used in vitro were based on the mean plasma

values of the medications [26-29].

2.9. Statistical analysis
Data were analyzed statistically by the Student’s t-test for independent
samples and one-way ANOVA followed by Duncan’s multiple range test.

Correlation was evaluated by Pearson’s test. P<0.05 was considered to
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represent a significant difference in all analyses used. All data were expressed

as mean + SEM.

3. Results

Table | presents general characteristics of the patients. We observed that
MS affected woman more than men and the onset of MS tended to be earlier in
women (age 26) than in men (age 39). All the patients evaluated had the RRSM
form and the treatment used for the majority of the patients was interferon-f3.

The results obtained in the present study show that both NTPDase
activity and expression were altered in lymphocytes from MS patients. As can
be observed in Figure 1, ATP and ADP hydrolysis were significantly increased
in lymphocytes from RRMS patients when compared with the control group
(p<0.05). Statistical analysis of the content of CD39 - positive cells by flow
cytometry using labeled antibodies against NTPDase revealed that lymphocytes
from RRMS patients also had a significant increase in NTPDase expression
when compared with healthy individuals, p<0.05 (Figure 2). In addition, a
statistically significant positive correlation was found between NTPDase
expression and lymphocyte ATP and ADP hydrolysis, p<0.05 (Figure 3).

Alterations in ADA activity were also observed. Figure 4 shows a
significant decrease in lymphocyte ADA activity in RRMS patients when
compared to the control group (p<0.05).

The next set of experiments was performed to evaluate the direct effect
of the drugs used in the treatment of RRMS on NTPDase and ADA activities in
lymphocytes. In vitro concentrations ranging from zero to 100 Ul/ml for

interferon B, from zero to 150 uM for paracetamol and from zero to 10 uM for
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clonazepam were not capable of altering NTPDase and ADA activities in

lymphocytes of healthy subjects (Table II).

4. Discussion

MS is an incurable and seriously disabling demyelinating disease,
running a RRMS course which eventually becomes progressive (SPMS) [30]. In
the RRMS form patients experience a series of relapses followed by complete
or partial disappearance of the symptoms (remissions) while the SPMS form is
characterized by a gradual progression of the disease involving a decline in the
patient’s physical abilities [2,30]. Although the etiology and pathogenesis remain
unclear, it has been shown that autoimmune T cells targeting myelin
components play a crucial role in mediating the inflammatory process,
particularly in the early stages of RRMS [1, 31, 32].

Several studies have demonstrated that NTPDase (CD39) and ADA have
significant roles in immune response and alterations in their activities have been
observed in many diseases in which immunity is altered [16, 33-35). In line with
this, in the present study we evaluated the role of NTPDase and ADA in
lymphocytes of RRMS patients in order to contribute to the understanding of the
pathogenesis of this disease.

The results of the present study demonstrate that both NTPDase activity
and expression were increased in lymphocytes from RRMS patients when
compared with the control group (Figure 1 and 2). On the other hand, ADA
activity was found to be significantly decreased in lymphocytes from these
patients when compared with healthy subjects (Figure 4). These findings
confirm previous reports that immune diseases induce alterations in the

metabolism of extracellular adenine nucleotide [16,34] and suggest that
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NTPDase and ADA enzymes may also have important functions in the
modulation of immune and inflammatory responses in MS.

It is believed that the complex pathogenesis of MS involves the
breakdown of the blood - brain barrier, massive infiltration of CD4", CD8", B
cells and macrophages in the CNS and the concomitant release of
proinflamamatory molecules, including cytokines and adhesion molecules,
resulting in demyelinating and axonal damage [31,32]. Among the molecules
released as a result of inflammation and demyelination are adenine nucleotides
such as ATP and adenosine, which have important functions in the interaction
between immune components during activation, controlling the course and
resolution of the inflammatory and immune responses [5,10].

ATP is involved in proinflammatory functions such as stimulation and
proliferation of lymphocytes and cytokine release [36]. Most importantly, ATP
appears to be necessary for cytokine secretion in Thl cells such as interferon vy,
which, once released, activates other subsets of lymphocytes or macrophages
[7]. The enzyme NTPDase is expressed in numerous types of immune cells and
is responsible for the hydrolysis of extracellular ATP [14]. It has been
demonstrated that NTPDase is important in the control of lymphocyte function,
including antigen recognition and or activation of cytotoxic T cells [15]. The
observation that NTPDase expression is up-regulated in T-lymphocytes upon
activation [14] and that CD39 null mice developed features of autoimmune
disease [15] suggests that this enzyme has an important function in immune
response modulation [37]. In this context, based on our results we can suggest
that there is an increase of ATP released in the extracellular medium through

the demyelinating process and that the up-regulation of NTPDase activity and
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expression in lymphocytes from RRMS patients represents a compensatory
mechanism that helps to reduce inflammation and might contribute to recovery
of neural tissue in this disease phase.

In addition, we also observed in this study that ADA activity was
decreased in lymphocytes from RRMS patients (Figure 4). This finding confirms
previous studies that demonstrated that ADA activity was significantly
decreased in lymphocytes from RRSM and SPMS patients [34]. ADA is other
important enzyme in the immune system and is considered essential for the
differentiation, normal growth and proliferation of lymphocytes [19]. ADA
catalyzes deamination adenosine to inosine and closely regulates extracellular
adenosine concentrations [17]. Adenosine plays a central and direct role in the
regulation of inflammatory responses by inhibiting lymphocyte activation
through A, receptor stimulation and secretion of proinflammatory cytokines
[10,38]. Thus, adenosine acts as a negative feedback signal to counteract ATP-
mediated immune stimulation, preventing uncontrolled inflammation and
lessening the collateral damage to healthy tissues [10]. In line with this, it is
important to note that in lymphocytes of RRMS patients the up-regulation of
NTPDase activity degrades ATP, a proinflammatory molecule, and the inhibition
of ADA activity may increase levels of adenosine, a molecule with
Immunosuppressive actions. Therefore, we can propose that NTPDase and
ADA alterations represent an important compensatory mechanism to decrease
inflammation and immune response in MS.

In the last set of experiments, we evaluated the role of the drugs used in
RRMS treatment on NTPDase and ADA activities in lymphocytes from healthy

subjects. Currently there is no therapy that alters the progression of physical
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disabilities associated with MS and the accepted standard treatment consists of
medications for disease symptoms. Interferon B has been approved for use in
the treatment of RRMS. This drug reduces the frequency of clinical
exacerbations, however side effects such as fever and general discomfort have
been documented and these symptoms have been preventively treated with
paracetamol [39,40]. In addition, clonazepam is indicated for the treatment of
spasticity, tremors and anxiety associated with MS [41]. Our results
demonstrate that these drugs did not alter NTPDase and ADA activities (Table
II). Consequently, we believe that the enzyme inhibition observed in the present
study was not affected by the medications used by the patients. In this context,
these findings support the argument that it is the pathological condition that
generates the alterations of enzyme activities.

In conclusion, we have demonstrated that NTPDase and ADA activities
were altered in lymphocytes from RRMS patients, suggesting that these
alterations are very important in reducing the inflammatory process in this
disease. The importance of NTPDase and ADA from clinical and therapeutic
points of view should be investigated in future research and may help devise

novel strategies for the treatment of autoimmune diseases.
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Table | — General characteristics of MS patients and healthy subjects.

Control MS patients
N 22 22
Women 17 18
Men 5 4
Age women (median,range) 40.6+1.9, 28-51 45.6 £ 2.1, 26-57
Age men (median,range) 41.6+3.8, 32-52 53.745.7, 39-67
Disease duration (years) - 5.89+1.0
Use of interferon 3 (n) - 17

Variables such as age and duration of disease are presented as mean +SEM.



Table Il — In vitro effect of interferon B, paracetamol, clonazepam on NTPDase and

ADA activities in lymphocytes of healthy subjects.

Drugs NTPDase NTPDase ADA
(ATP) (ADP)
Interferon B
0 Ul/ml 52.10+6.51 55.45+5.86 19.23 +0.98
10 Ul/ml 54.75+5.13 61.33+5.39 18.09 +2.98
50 Ul/ml 55.41+4.33 53.48+8.79  17.88 + 3.22
100 Ul/mL 64.71+7.46 73.36x7.72 18.79+ 2.01
Paracetamol
0 pM 37.86+4.63 46.01+6.81 19.23 + 0.98
50 pM 40.35+4.68 43.70+7.89 20.58 + 2.96
100pM 42.45+4.38 50.99+8.52 17.37+1.71
150 pM 43.57+3.07 57.63+6.01 17.42+1.79
Clonazepam
0 pM 38.88+4.27 48.82+6.50  19.23+0.98
1uM 37.98+3.41 47.33+5.66 17.62+3.66
5 UM 41.00+4.40 51.92+6.54  17.63+0.90
10 uM 40.26+4.39 54.02+2.00 18.74+3.01

Values represent mean + SEM of specific activity for NTPDase (nmol Pi
released/min/mg of protein) and ADA (U/L). Data were evaluated by one-way

ANOVA followed by Duncan’s multiple range test (n= 4-5).
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Figure 1. NTPDase activity using ATP and ADP substrates in lymphocytes of
MS patients. Bars represent means + SEM. * Represents statistical difference

from the control group (Student’s t test, P<0.05 n = 22).

Figure 2: CD39 expression in lymphocytes of MS patients and healthy subjects
(control) analyzed by flow cytometry (see Material and Methods). Data
represent the mean + SEM of 10 individuals. *Represents statistical difference

from the control group (Student’s t test, P<0.05).

Figure 3: Pearson’s correlation analysis between % of CD39 positive cells and

ATP and ADP hydrolysis (P<0.05 n=22)

Figure 4. ADA activity in lymphocytes of MS patients. Bars represent means *
SEM. * Represents statistical difference from the control group (Student’s t test,

P<0.05 n =15).
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Abstract Multiple sclerosis (MS) is the most commaon
chromic disabling neurological disease i wvoung adults.
Alterations in platelet function have been observed in M5,
however, the mechanism and the relevance of this blood
cell disorder with repard to MS pathogenesis are not yet
understood. The aim of this study was to evaluate activities
of ectonucleoside  thiphosphate  diphosphohydrolase
(NTFDase, CD39), ectonuclectide pyrophosphatase/ phos-
phodiesterase (E-NPP), S-nuclectidase and  adenosine
deaminase (ADA) in platelets from patients with the
relapsing=remitiing form of M3 (REMS3), as well as to
analyze platelet aggregation and expression of NTPDase.
The results obtained show that NTPDase, 5'nucleotidase,
E-NPP and ADA activities were decreased in platelets of
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BEEMS patienis when compared with the control group
(< 0035). In addiion, NTPDase expression in platelets
wis also decreased in these patients (p < (.05): however,
no  differences were observed in platelet appregation
between RRMS patients and the control group. Our results
suggest that the alterations in NTPDase, E-NPP, 5-nucle-
otidase and ADA may have contributed to the alterations in
platelet function in M5 by altering the levels of nucleotides
and nucleosides in the circulation.

kevwords Multuple sclerosis - Platelet -

Ectonucleotidases - Ademne nucleotides - Blood

Introdoction

Multiple sclerosis (MS) is an inflammatory demyelinating
disease of the central nervous svstem (CN5) and 15 the
most common canse of neurological disability in voung
adults [1]. M5 can be present in different forms, such
as primary progressive (FPMS), secondary progressive
(5PMS) and relapsing—remitting (KEMS) [2]. REMS 15 the
most prevalent form (B0% ), and its clinical manifestation 13
characterized by recurrent episodes of newrological deficits
followed by partial recovery [1, 2.

Yascular complications have recerwved little attention in
comparison with other complications associated with
demvelination. The few reports in the lierature have
described abnormalities in the cerebral microvasculature in
acute MS [3], alterations in the coagulation stams [4] and
the occurrence of cerebral venous thrombosis |3, &), which
may be associated with anomalous platelet behavior in M5
patients |7, B].

Platelets are one of the most important components of
blood, participating in the maintenance of vascular
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integrity via adhesion, agegregation and subsequent throm-
bus formation at the site of vascular damage [%]. Studies
have demonstrated ahtered platelet morphology and func-
tion in M5 patients, such as a greater tendency to sponta-
neous aggregation, high hypersensitivity in the presence of
ADP and reduced synthesis of prostaglandins [7, H, 10].
However, the importance of these findings to the patho-
genesis of M5 and the mechanisms involved remain vague.

Extracellular adenine nucleotides (ATP, ADF and
AMPF) and their nucleoside derivative, adenosine, have
become clearly recognized for their important role in
maodulating processes linked to vascular inflammation and
thrombosis, exerting various effects on platelets [11].
ADF s recognized as the main promoter of platelet
aggregation [12], whereas adenosine 15 a potznt inhibitor
of this aggregation and an important modulator of vas-
cular tonus [13]. Moreover, studies have sugpested that
ATP has a complex role in the regulation of platelet
ageregation [14, 15].

The extracellular concentration of nucleotides and
nuclzosides is tightly regulated by the action of enzyimes
such as ectonucleoside triphosphate diphosphohyvdrolase
(E-NTFPDase), ectonucleotide pyrophosphatase phosphodi-
esternse (E-NPPs), 5-nucleotidase and adenosine deami-
nase (ADA) [16]. NTPDase hydrolyvzes the exwacellular
nucleotides wi- and diphosphate (ATF and ADFP) to aden-
osine monophosphate (AMP), while E-NFPPs are responsi-
ble for hydrolyzing 5'-phosphodiester bonds in nucleotides
and their derivatives, resulting in the production of
monophosphate nucleotides [17, 18] AMP produced from
action of NTPDase and E-NPP is subsequently hydrol vzed
to adenosine by the action of Stnucleotidase [19]. The
resulting adenosing can be directly inactivated through the
action of ADA&, which catalvzes the irreversible deamina-
tion of adenosing [20]. These enzymes play an important
role in the maintenance of adequate vascular hemostasis
and thrombogenesis, mainly by regulating the platelet
aggregation status [21, 22,

Theretore, considering that platelet function 15 altered in
M5 patients and that adenine nucleotides are very impor-
tant in the regulation of platelet agpregation, we have
examinad platelet agpgregation and the potental role of
enzymes that participate in the hydrolvsis of ATP, ADP
and AMP as well as adenosine in platelets from patients
with RRM 5.

Methods
Patisnts

The experimental group consisted of 20 patients with MS
(15 females, aged 26-57 years, mean 4394 + 2.14; 5

"E Springer

males, agad 3967 vears, mean 5180 + 4.853), and the
control group consisted of 200 healthy subjects (14
females, aged 28-58, mean 4192 + 3.06; 6 males aged
3407 years, mean 47.75 £ 9.51). The diagnosis of MS
wis based on the McDonald criteria [23], and all patients
had the relapsing-remitting form (RREMS). The mean
duration of the disease was 6.0 £+ 4.62 vears, and all
patients were receiving current immunosuppressive ther-
apy. Ten mulliliters of blood was obtamned from each
patient and used for platelet-rich plasma preparation and
other biochemical determinations. The same procedure
was carned out for the control group. All the subjects
pave wrntten mformed consent to participate o this
study, and the Human Ethics Committee of the Health
Science Center from the Federal University of the Santa
Maria approved the protocol under number 2301
OOTESA2007-44.

Platzlet separation

Platzlzt-rich plasma (PRP) was prepared by the method of
Pilla et al. [24] modified by Lunkes et al. [25]. Total blood
was collected into (L1200 M sodium citrate & anticoagu lant
and centrifuged at 160=g for 10 min. After this, the PRP
was centrifuged at 1 400=g for 30 min and washed twice
with 3.5 mM HEPES buffer, pH 7.0, The platelet pellets
were resuspended in HEPES buffer and used to determine
engy matic activities.

NTPDase and 5'-nuclectidase assays

The NTPDase enzymatic assay was carried out in a
reaction medivm containing 5 mM CaCla, 100 mM NaCl,
SmM KCIL, 6 mM glucose and 50 mM Tris=HCl buffer,
pH 74, at a final volume of 200 pl as described by
Lunkes et al. [25]. Since NTPDase and 5-nucleotidase
activities depend on millimolar concentrations of divalent
cations such as Ca®" and Mg, respectively, for AMP
hvdrolysis, the medinm reaction was used as previously
described except that 5 mM CaCls was replaced by
10 mM MgCls.

Twenty microliters of the enzyvme preparation (8=12 pg
of protein) was added to the reaction mixture and the pre-
incubation proceadad for 10 min at 37°C. The reaction was
initiated by the addition of ATP or ADP at a final con-
centration of 1.00 mM and AMP at a final concentration of
2 mbM. The incubation time was 60 min. Both enzyme
assays were stopped by the addition of 200 pl of 10% tri-
chloroacetic acid (TCA). Released inorganic phosphate
(Pi} was assaved by the method of Chan et al. [26] using
malachite green as the colorimetric reagent and KH2PO5 as
standard. Enzyme-specific activities are reported as nmaol
Pi released/min/mg of protein.
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E-NPF activity determination

The E-NPP activity from platelets was assessed using
penitropheny! 5 -thymidine monophosphate (p-MNph-5'-TMP)
as substrate as described by Firstensu et al. [27]. The
reaction mediom  contamng 50 mM  Tris-HCl  bufter,
120 mM NaCl, 5.0 mM KCIL 60 mM glucose, 5.0 mM
CaCl2 and pH B9 was preincubated with approximately
20 pg per wbe of plaelet proein for 10 min a 37°C to
a final volume of 200 pl. The enzyme reaction was
started by the addition of p-Nph-5'-TMP at a final con-
centration of 0.5 mM. Afer 80 min of incubation, 200 pl
MaOH 02N was added to the medium to stop the
reaction. The amount of p-nitrophenol released from the
substrate was measured at 400 nm using a molar
extinction coefficient of 18.8 x 107*AM cm). Enzyme
gotivity was expressed as nmol p-mitrophencl released/
min/mg protein.

Adenosineg deaminase (ADA) determination

ADA from platzlets was determined according to Guisti
and Galanti [28]. Briefly, 50 pl of platelets reacted with
21 mmol/l of adenosine, pH 6.5, incubated at 37°C for
6l min. Results were expressed in units per liter (U1

Protein determination

Protein coment was measured by the Coomassie Blue
methed according to Bradford [29], using bovine serum
albumin as the standard. This assayv is based on the binding
of the dye Coomassie Blue G-230 to protein, and this
kinding 15 accompanied by measuring the absorbance
maximum of the solution at 595 nm.

Flow cytometry analysis for CD3Y

Peripheral blood cells were incubated with anti-CD3Y and
anti-CDa1 (20 |..I.|.."]”ﬁ cells) for 23 min, lvsed with reagent
FACS (fluorescent activated cell sorter) and incubated
again for 13 min in the dark. Cells were washad twice in
PBS buffer (pH 7.4} containing 0.02% (W) sodium axide
and 0.2% (Wiv) BSA. The cells were then resuspended in
PBES buffer (pH 7.4) and immediatzly analyzed by FAC-
Scalibur flow cytometer using CellQuest software (Becton
Dickinson, San Jose, CA) without fixation.

Platelet aggregation

The platelet aggregation profile was evaluated by the
method of Born and Cross (1963) by measuring turbidity
with 2 Chrono-log optical aggregometer (AGGRO/LINK™
model B10-CA software for Windows version 5.1) using

ADF at concentrations of 3, 5 and 10 pM as agonist. The
results were expressad as percentage of aggregation.

Effects in vitro of drugs used in the treatment
of patients with M5 on the activity of enzymes
that degraded adenine nucleotides and nucleosides

The in vitro effects of interferon 8, paracetamol and clo-
nazepan on NTPDase, 5-nucleotidase, E-NPP and ADA
activities were evaluated. Isolated platelets from healthy
subjects were incubated with different concentrations of
these drugs in the medinm reaction as previously described.
All concentrations of interferon f§, paracetamol and clo-
nazepan used in vitro represent approximately the mean
plasma values of the medications [30=32].

Stanstcal analysis

The data obtained for the enzyme activities in platzlets
from patients were analvzed statistically by the Student’s ¢
test for independent samples. The in vitro effects of the
drugs upon ectoenzyvmes activities were evaluated by one-
way ANOVA followed by Duncan™s multiple range test.
Correlation was evaluated by Pearson’s test, P < (L5 was
considered to represent a significant difference in all
analvses used. All data were expressed as mean + SEM.

Kesalts

The results obtained for NTPDase and 5-nucleotidase
activities in platelets are shown mn Fg. 1. As can be
observed, ATP, ADP and AMP hydrolysis was signifi-
cantly decreased in RRMS patients when compared with
the control group (Fig. 1 (ATP), g = 0.001; Fig. 1 (ADP),
o= 0012 Fig. 1 (AMP), p = 0.001). Similarly, E-NPP
and ADA activities were also decreasad in REMS patients
when comparad with the control group (Fig. 2, p = 0.001;
Fig. 3, p = 0023, respectively).

Statistical analysis of the content of CD3% positive cells
by flow cytometry using labeled antibody against NTPDase
revezled that RRMS patients had a significant decrease in
MNTPDase expression when compared with healthy individ-
uals (Fig. 4, p = (0.040). Inaddition, 2 statistically significant
positive correlation was found between CD3Yexpression and
platzlet ATP and ADP hydrolysis (Fig. 5, p < (L05).

Fipure 6 presents the results obtained for platelet
apgregation. As can be observed, no differences were
found in platelet aggregation between REMS patiemts and
the control group using different concentrations of ADP as
agonist,

The direct effect of the drugs used in the treatment of
M5 upon ectonucleotidase activities was testzd. In vitro
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concentrations ranging from 0 to 100 Uliml for interferon
#, from O to 150 pM for parscetamol and from O o 10 pM
for clonmzepan were used, The results obtained demon-
strate that mterferon fi, paracetamol and clonazepan were
not capable of altering NTPDase, 5 -nucleotidase, E-NPP
and ADA activities at any concentration fested (data not
show.

Discussion

Several studies from our laborstory have demonstrated that
NTPDase, 3'-nucleotidase, E-NPP and ADA sre enzymes

"E‘___n Springer

E-NPP

- - *
]

Control

L] 7o)
T

-

nmal p-nitrephencl refeased

ME patienis
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Fig. 4 CD39 expression in platelets of MS patients and healthy
subjects {contml) malyzed by Aow cytometry {see Experimental
Procedure). Data represent the mean = SEM of eight individuals,
*Represents statistical difference from the comtrol group (Student's 1
test, p < (L05)

thet play an important rofe in thromboregulation mecha-
nisms, and alterations in their activities have been observed
in various diseases, suggesting that they could be important
physiclogical and pathological parameters [33, 34],
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e e The action of the ectonucleotidases is one the most
§ important Fectors involved in the modulation of the
% L nuclestides/mucleosides relation and, thus, in the effect on
5 T i different platelet receptors |[16]. In this scenario, the
g = [ — T (e coordinated action of NTPDase, E-NPP and 5-nucleotid-
2 ks T, ase gctivities tends to rapidly inactivate the released ATH/
B i ADP/AMP with respective generation of adenosine, rep-
® ol resenting the mzin effector system for the termination of

o proinflammatory &and prothrombotic responses in the car-
o t = diovascular svstem [17, 21, 22]. In this context, and in light

Control MS patiants

Fig, 6 Platelet aggregation profile in MS patients and healthy
suhjects {control), Platelet ageregation was evaluated by using ADP
az agonist al conceptrations of 3, 5 and 10 phl. The resuls ame
expressed as percentage of aggregation {n = 10)

In this study the NTPDase, 3-nucleotidase, E-NPP and
ADA pctivities were decressed in the platelets of MS
patients (Figs. 1, 2, 3}, Similar results were obtained in the
experimental study, which demonstrated that the NTPDase
activity in platelets also was decreased in rats experimen-
tally demyelinated [35]. Taken together, these findings
indicate  that demyelination may aler coagulation

of our results, we can sugpest thet inhibition of NTPDase,
E-NPP and 5'-nuclestidase activities in platelets of RRMS
patients could result in sugmented platelet activation and
aggregation, since ADP may accumulate in the extracel-
lular miliew, snd AMP hydrolysis is decreased, leading 1o
decreased adenosine production. Taken topether, these
alterations could explain, as least in pat, the development
of vascular complications observed in MS patients.

Of particular interest, we have also shown in this study
that NTPDase (CD3Y) expression in platelet membranes
was decressed in RRMS patients (Fig. 4} and that there
wits & positive cormelation between ATP and ADP hydro-
Ivsis and NTPDase expression in plazlets (Fig. 3L

‘?ﬂ Springer
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Considering the established function of NTPDase as well
as the fact that soluble forms of this enzyme are potential
therapeutic agents in the inhibition of platelet-mediated
thrombotic disesses [36, 37|, it can be hypothesized that
alterations in extracellular nucleotide levels caused by
changes in CD39 expression in MS may represent an
important factor in the alteration of coagulation parameters
in this disease.

On the other hand, one important aspect to be discussed
is that the ADA activity was also inhibited in RRMS
patients (Fig. 3). ADA is an important enzyme that
degrades adenosine to inosine, tightly regulating local
extracellular concentrations of adenosine [20]. We specu-
late that the decreased activity of this enzyme could rep-
resent a compensatory mechanism leading to increased
adenosine in the circulation in order to avoid platelet
agpregation and atherosclerosis development.

Reinforcing this line of reasoning, we have shown that
the use of different concentrations of ADP as agonist did
not lead to differences in platelet apgregation between
REMS patients and the control group (Fig. &) Although
this finding differs from previous studies that found sig-
nificantly increased ADP-induced platelet aggregation in
MS patients [7], we must consider the fact that these dif-
ferences may be attributed to the phase and severity of the
disease. For example, sensitivity to ADP is much more
pronounced in the progressive phase and during or shortly
after acute relapse [7]. In this sense, it is important to
consider that in the present study all the patients evaluated
were in & stable phase (remission) and also that the number
of the subjects evaluated was small.

Finally, in order to exclude the possibility of a direct
effect of drugs commonly used in the restment of MS,
we investigated the influence of interferon §§, paracetamol
and clonazepan on NTPDase, 5-nuclectidase, E-NPP
and ADA activities in platelets. Interferon [ has been
approved for use in the reatment of RRMS; however, side
effects such as fever and generzl discomfort have been
documented, and these symptoms have been preventively
treated with paracetamol |38, 39]. In addition, clonazepan
is indicated for the treatment of the spasticity, tremors and
anxiety associzted with MS [39]. Our results demonstrate
that these drugs did not alter NTPDase, 5'-nucleotidase,
E-NPP and ADA activities (data not show). Consequently,
we believe that the enzyme inhibition observed in the
present study was not affected by the medications used by
the patients,

In conclusion, we report, for the first time, that the pu-
rinergic enzymatic cascade in platelets is altered in RRMS
patients. This finding supports the hypothesis that enzy-
matic alterations may contribute to modifications in coag-
ulgtion parameters in this disezse. We hope that this will
contribute to better understanding the ethiopathogenesis

*ﬂ Springer

and clinical characteristics of M35, and we believe that
additional studies are necessary to further comprehend the
involvement of nucleotide hydrolyzing enzymes and their
usefulness as a possible therapeutic window in demyelin-
ating diseases such as MS.
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ARTICLE I NFO ABSTRACT
trilcle filstory: NTPDase and 5-nucleotidase activities in symaptosomes and platelets and oxidative stress parameters,
Received 8 February 2008 such as TEARS levels, non-protein thiols and catalase activity were analyzed in rats submitted to dermypeli-
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Available online 20 May 2009

nation by ethidium bromide{ EB ) and treated with vitamin E. The following groups were studied; 1 control
(=aline}; I canola cil§; 1 (vitamin E}; 1V (EB) and ¥ (EB and vitamin E). 2 mg kg of vitamin E were injected
intraperitoneally in anirals from groups1and V for seven days, After this time, the animalswere submit-
ted to euthanasia and samples were collected for biochemical assays, The results showed that MTPDase

Jéf:;ﬁfljci:-tidasﬁ and ¥-nucleotidase activities were significantly increased in synaptosomes and platelets of rats from
Matelots group IV when compared with the groups 1, IL T and V(p<0,05], When demyelinated rats were treated
Syna ptosomes with vitamin E (group V), MTPDase activity in synaptosomes and platelets was reduced o control level,
Cidative sross while &'-nucleatidase activitywas significantly increased inrelation to the control group (p< 005 L TRARS
Vitamin E levels and non-protein thiols were significantly increased in group IV (p< 0,05}, while catalase acivity
Demyelination wassignificantly decreased in this group when compared with the control group{ p=< 0,05], Mo differences

in TBARS levels, non-protein thiols and catalase activity were observed in groups L 1L and V, These find-
ings demonstrate that ectonucleotidase activities in synaptosomes and platelets and some parameters
of oxidative stress were altered after a demyelinating event on the nervous system and that treatment
with vitamin E modulated adenine nuclectide hydrolysis and altered oxidative stress parameters in this
cxperimental condition.

£ 2009 Elsevier Inc, All rights reserved,

1. Introduction

Extracellular adenine nucleotides (ATF, ADP and AMP) and
their nucleoside derivative, adenosine, are important signaling
molecules that mediate diverse biological and pathological pro-
cesses [36,359], Studies have dermonstrated that ATE, ADP and
adenosineg regulate the thrombore gulation mechanism [38,55] and
kawe a diverse array of functions in the nenvous system, such as
neurotransmission [10]; neuroprotection [13]; proliferation of glial
cells [18] and novelin formation [1.50],

Signaling events, induced by extracellular adenine nuclectides,
are controlled by the action of ectonucleotidases, including ecto-

* Comresponding authar, Tel: +55 35 3220 9557 ; fax; +55 55 3220 6978,
E-mad addresses: mariaschetingerdgmall.com, mariachitalinadgmail.com
| MLELC Schetinger),

0361-923003 - soe fromt matter & 2009 Elsevier Ine, All rights resenved.
dai; 101015 | brainresbull. 200805015

nucleoside triphosphate diphosphohydrolase (E-MTPDase) and
ecto-5-pucteotidase/CD73 [42,53], These enzymes constitute an
organized enzymatic cascade for the regulation of nucleotide-
mediated signaling, controlling rate, degradation and nucleoside
formation [3.54,51], Therefore, over recent decades the importance
of NTPDase and 5-nucleotidase has been studied in many patholog-
icalconditions, such ascancer[2)], diabetes [29] and in ex perimental
miodels of ischemia [43], epilepsy [5] and demyelination [30 48 49],

Demyelination is the pathological hallmark of multiple sclerosis
M5, the most common chronic inflammatory disease of thecentral
nervous system (CNSY [37] MS is characterized by a demyelina-
tion of axons which leads to a deficiency or complete loss in the
transmission of nerve impulses [14,35], Asits precise cause remains
unclear, it is not possible to prevent M5, nor is there a cure, Thus,
a number of therapeutic strategies has been explored experimen-
tally and clinically in order to improve reconstruction of the lost
myelin sheaths [6,19], Data from current research show that the
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treatment for M5 might involve a combination of immunomodula-
tion, remmelination and neuroprotection [35],

Vitamin E is the generic term for a group of compounds known
as tocopherols and tocotrienols, of which a-tocopherol has been
shown to have the greatest biological activity [52]. The antiox-
idant property of vitamin E is well established in the literature
[24], however evidence has demonstrated that this compound also
possesses anti-inflammatory [21], antiaggregant [25] and neuro-
protective properties [34]. Based on these findings, vitamin E has
become attractive as a therapeutic agent in the treatment of sev-
eral diseases and clinical trials have focused on the use of vitamin
E in the treatment of pathologies of the nervous system such as
Parkinson's and Alzheimer's disease [40,52], However, the effects
of vitamin E on the demyelination model have been little studied,

Considering thatvitamin E is a potent antioxidant, antiaggregant
and neurcprotector, the main aim of this study was to evaluate the
effects of vitamin Eon NTPDase and ecto-5"-nuclectidase activities
in synaptosomes and platelets and on oxidative stress parameters
in rats experimentally demyelinated by ethidium bromide (EBY, in
order to investigate the interaction of this compound in demyeli-
nating events,

X Materials and methods

21, Reagents

Mucleatides, Trizrma Base, Percoll, HEPES and Comassie brilhant bHue G were
obtainzd from Sigma-Aldrich (St Louis, MO, USAL Vitamin Eacetate (3 Haz 03, di
tocopheril acetate) was obtained from Pharma Mostra (550 Paulo, Brazil All other
chermnicals usad in this experiment were of the highest purity,

22, Animals

Adult female wistar rats (70-90 days: 220-280 g) were obtained from the
Cencral Animal House of the Universidade Federal de Santa Maria, Santa Maria,
Erazil. The animals were maintained at a constant temperature (23 £1°Ciona 12 h
lightfdark cycle with free access to food and water, The study was performed in
accardance with the University Ethics Committee Guidelines for experiments with
animals,

2.3, Experimental demypell nation with ER

The animals were randomly divided into five groups (10 animals each group): |
controd (salined; 1 {cancla oil): I (vitamin Ej: 1V (EB)and ¥ (EB and vitamin EJ. For
thie surgical d ermyelinati on proced ure, the animals wereanesthetized with ketamine
chloridate and xgdaz ine { 5: 1 01 ml 100 gL with the aid of a reof motor of orthodon-
ticuseand a drill nurnber 2, a holewas made 0,85 cm to the right of the bregma until
cxposing the duramater, With the use of a Hamiloon syringe witha removable nee-
dle of caliber 26 5, the solutions were injected 2 mim deep into the subcortical white
water, Five micraliters of EB(0,1%) were injectzd intheanimal s from groups IV and v,
and the samevolume of 0.9% saline solution was injected inthe animals from groups
I, 11 and 1. The duramater was left open and the skin, together with the remainder
of the suboutancous tissue, was sutured with a 4.0 mydon thread,

2.4, Treatment with vitamin E

Four hours after the surgical procedure, the animals from groups 11 and v werez
given 2mg/ky vitamin E diluted in canola ail {1 mLfkg) intraperitoneally (g ) for
seven days, The animals from groups 1 and IV were given saline solution ip, and
those from group [ were given canola ol i.p. Seven days after the surgical procedure,
the animal s were submitted to euthanasia and samples were colected for enzyme

A55AYS,
2.5, Hswlogiol and mmunohistochemisory analysis

At seven days, three rats from every group were Klled by perfusion with
0.09% saline with 0.01 M EDTA under deep anesthesia. Brain stem sections were
collected, fixed in metacarni 60% methanol, 30% acetic acid, 10% chloraform ), dehy
drated and ernbedded in paraffin wax by standard methods, Sections (5 m) were
collected on glass slides pretreated with 4% sylane, The avidin-kotin complex
rmiethiod wias used for immunolabelling. The sections were incubated during 2h at
room termperature with the polyclonal primary antibody anti-GFAF. The sections
wiera incubated far 30min with a botimylated secondary antibody and for 30min
with the complex streptavidin- perosxidase. Immunoreactivity was observed using
diaminobenzidine as the chromogen. The sections were counter stained with Harris

hematoegdin,

26, Morphometric analysis of the lesion

Histalogical sections stained by hematorylin and cosin (HRE) were analyzed,
The mean area (mm) of the demyelinating lesion was measured using a light
rmicrascope, with an increase of 100, using a system of processing and analysis
af images (IMAGE PR PLUS®) coupled with a binocular micrascops (OLYMPUS,
BX51 /8252 and video camera (OB PUS, OLY-200) for the acquisition of the micro-
SCORCimage,

27, Syngpiosome preparaion

The cerebral cortex was homogenized in 10 volumes of an jce-cold medium
{medium I}, consisting of 320mM sucrcse, 0.1mk EDTA and SmM HEFES, with a
pH of 7.5, in a motor driven Teflon-glass homogenizer, The synaptosomes were iso-
lated as desribed by Magy and Delgado-Escueta [31] using a discontinuous Percall
gradient, The pellet was suspended in an isoosmotic selution and the final pro-
tein concentration was adjused to 04-0.6mgml, Synaptosomes were prepared
fresh daily, maintained at 0-4°C throughout the procedure and used for enzymatic

assays,

28, Hatelet sepametlon

Flatelet-rich plasmma { PRF) was prepared by the method of Lunkes ef al. [28], with
the following minor modifications. Total Hood was collected by cardiac puncture
with 01200 scdiurm citrate as anticoagulant, The total Hood-citrate systemn was
centrifuged at 160 « g during 15 min, The PRPwas centrifuged at 1400 « gfor 30min
and washied owice by centrifugation at 1400 « g for 10minwith 3.5mM HEPES is05-
mlar buffer. The washed plateletswere resuspended in HEPES isosmalar bufferand
adjusted to 0.4-0.6mg of probzin per milliliter,

29, NreDase and 5 -nucleotidase assays

The NTPDEse enzymatic assay of the synaptosomes was carried out in a reac-
tion medium containing 5Smid KL 1L5mM Cacly, 00 m EDTA, 10mk glucose,
225mM sucrose and 45mM Tris-HC buffer, pH 2.0, in a final volume of 200
as described ina previous sudy from aur laboratony [44)]. The S-nuclectidase activ-
ity was determined essentially by the method of Heymann ef al. [22] ina reaction
medium containing 109mk Mgsoy and 100 mM Tris-HC buffer, pH 7.5, in a final
volume aof 200,

In platelets, the reaction medium for NTPDase activicy contained 5mba Cacly,
100 Mk Macl, 4mm KCL SmM glucose and 50 mM Tris-HCl buffer, pH 7.4, at a final
volume of 200l as desoribed by Lunkes etal. [2&]. For AMP hydralysis, the chemical
reagents used were the same described for NTPDase activity, except that 5 mh i Caclz
wias replaced by 1o MgClz,

In both synaptosomes and platelets, 20 pl of ereyme preparation (8-12 g of
pratein) wers added ta the reaction micture and pre-incubated at 37 =C for 10 min,
The reaction was initiated by the addition of ATP or ADP to obtain a final con-
centration of 1.0mM and incubation proceeded for 20min (synaposomes ) and
Gomin (platelets | For AMP lydrolysis, 5'-nudeatidase activity was carried out as
previausly described and the final concentration of the nucleotide AMP add ed was
2k

In all cases, reactions were stopped by the addition of 200pl of 10%
trichloroacetic acid (TCA) to provide a final concentration of 5% Released incrganic
phosphate { Pi)was assayed by the method of Chan etal. [11] using malachite green
as the colorimetric reagent and KHzPOy as standard. Controls were carried out to
corpect for man-enzymatic hydrobyses of nudectides by adding platelets after TCA
addition, All samples were run in triplicate, Enzyme specific activitics are reported
as nmol Pi released /minfmyg of protein.

210, Owidaive siress parameters

Lipid peroidation was estimated by measuring TBARS in serum samplesaccord-
img to a modified method of Jentzsch ot al. [23] and the results were expressed as
nanornole MO per rmilliliter of plasma, Mor-protein thiols were assayed in plasma,
evaluated by the method of Ellman [15] and expressed as pmoliml of plasma. The
determination of catalase activity in blood was carried out in accordance with a
medified methed of Melson and Kiesow [32]. This assay involves the change in
absorbance at 240nm, far 2 min, due to catalase dependent decomposition of hydro-
gen percedde (Hzog L The ereyme activity was caleulated using the malar extinction
coefficient (0,0432 em?/pmol jas the results were expressed as pmoles per milligram
pratein

211 Proteln determinaion

Protein was measured by the Coomassie blue method according to Bradford [7]
using serum albumin as standard,
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212, sumistlol anolyss

The statistical analysis was performed ising one-way ANOVA, followed by
Duncan’s multiple range tests, p« 005 was considered to represent a significant
difference in both analyses used. All data were cxpressed as mean £ SEM.

3. Results

3.1, Histotogical, immunohistockemioa! and marphometric
analysis af the demyelinated lesion

Seven days after the EB injection to the subcortical area in the
animals from group IV, the lesions consisted of areas of demyeli-
nation seen as status spongiosus of the tissue (Fig 1C, group V).
The disappearance of astrocytes (GFAF) from the lesion centre was
also observed in this group (Fig, 10} when compared to the con-
trol group (Fig, 1A and B, group 1), In the group demyelinated and
treated with vitamin E {group V), a smaller dermyelinated area was
detected without astrocytes at the center of the lesion, whereas
GEAP immunolabelled astrocvies were observed at the periph-

ery of the lesion (Fig, 1E and F) In addition, the morphometric
analysis demonstrated that the area of demyelination in group ¥V
was significanthy smaller (46,100 mm + 11,000 mm) after the treat-
ment with vitamin E when compared with the lesions induced
by EB alone (group V) (361500 mm £20200 mm) (p<0,0001)
(Fig. 2},

2.2, NTPDase and 5-nucleotidase in synaptosomes and plotelets

MTPDase and 5'-nucleotidase activities were altered in synapto-
somes of rats submitted toexperimental demyelination, The results
showed a significant increase In MTPDase act ivity in both substrates
used: ATP (Fi4,22)=701 p=0,05) and ADP (F(4,21)=5.27 p<005),
Post hoc comparisons by Duncan’s test revealed that ATP and ADP
hydrolysis were siznificantly higher in synaptosomes of rats sub-
mitted to subcortical demyelination {group V) when compared
with the groups 1, I, Il and ¥ {Fig, 34 and B), 5’-nucleatidase actir-
ity was alsosignificantly increased insynaptosomes(F(4,211=20.75
p< 001}, and post hoc comparisons by Duncan’s test revealed that

Fig. 1. Histological narmal agpect of the subcortical region H&E{A) and (B) astrocytic GRAP of growp 1. In group 1V, soven days after EB injection there is a large dermydlinating
lesion {w C)absence of GFAP positive cells in the lesion center (* D). Histelogical aspect of the subcortical area of rats demyelinated and treated with Vitamin E (group V) (e
El.Astrocytes are still absent from the center of the lesion (— F), although GF&P marked asrocytes are cbserved at the periphery of the lesion|{— Fi{object 10
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Fig. 2. Reprosentation of the size of the demyelina ticn lesion (mm ) in rats demmyeli-
nated by ethidium bromide (EB) (group 1) and rats demmyelinated and treated with
vitamnin E{EB+ Vit E} (group V1 Bars represent mean £ 5EM. a and bindicate differ-
ences between groups

AMP hydrolysis was significantly higher in groups IV and V when
compared with the groups L [ and 11 (Fig, 3C),

The results for NTPDase and 5°-nucleotidase in platelets were
sirnilar tothose found in synaptosomes, In demyelinated rats(group
IV, a significant increase in NTPDase activity was observed with
ATP (F4,31)=293 p<0,05) and ADP (F{425)=3.01 p<0,05) when
compared with the groups 1, I, I and V (Fig. 44 and By 5'-
nucleotidase activity also was increased in platelets (F4.31)=3.88
p<0,05) and post hoo comparisons by Duncan’s test revealed that
AMP hydrolysis was significantly higher in groups IV and V when
compared with the groups 1, [ and 111 (Fig, 4C),

In addition, it is important o note that controls were per-
formed to correct for vehicle (canola oil) interference and no
difference between vehicle and the control enzyme was observed
{Figs, 3 and 4A-C},

23 Osidative siress parameiors

Experimental demyelination also altered some oxidative stress
parameters, The results showed a significant increase im TBARS
levels (F4.211=3.35 p<0,05) and non-protein thiols (Fi4,15)=7.36
p<005) in the group demyelinated by EB {group IV} when com-
pared with the groups 1 1L 111 and ¥V {Table 1} Catalase activity was
significantly decreased in group IV (Fi4,14)1=3,07 p<0,05) when
compared with groups LI 1 and Vi Table 1) {p <0.05) In denyeli-
nated rats treated with vitamin E, there were no differences in
TBARS levels, non-protein thiols and catalase activity when com-
pared with the control group (Table 1, group Vi

4. Discussion

In the present study, we investizated the effects of vitamin E
on NTPDase and 5 -nucleotidase activities in synaptosomes and

Table 1
Cuzidative stress parameters in rats demyelinated with ethidium bromide (EB)and
treated with vitamin E

Groups TBARS (nrml ‘Hon-progein thiols Caralase (pmolimg
MO ml ) {rmoliml of plasma) of protein)

I 1312 £ 075 120 = 010 9565 + 064

1] [3.88 < 102 LIZ £ 002 1043 £ 041

m 12.98 < 0,38 112 £008 10,20 + 085

v 1954 2 L1 1.55 £ 013 570 £ 050

' 2962 211 107 L 010 10,00 L 097

Groups: 1, (salina); [, (canola oil); 1, (vitamin E) IV (EB) and V (EE +vitamin E),
Values represcnt mean £ 5EM.
* Different from the athers in the same column (p< 0.05),
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Fig.-3. ATP(ALADF (B)and AMP(C) hydrolysis in cercbral cortes synaptosomes of
rats dermyelinated with EB and treated with vitamin E Groups: 1isaline ) Il {candla
ail J; 1{ vitamin Ey; IV{EB) and ¥ (EE+ vitamin E), Bats represent mean £ SEM. Groups
with different letbters are gatistically different ( p<2.05),

platelets as well as on oxidative stress parameters in a model of
subcortical demyelination in rats,

Toxic demyelination by ethidium bromide (EB) is one of the
most commonly used models for exploring the reparative capac-
ity of the CMS [6]. EB induces focal demmyelination by selectively
damaging glial cells, which include oligodendrocytes (CNS myvelin
forming cells) and astrocytes [20], Using this mode], our group has
previously demonstrated that an up-regulation of NTPDase and
St-nucleotidase activicies occurs in cerebral cortex synaptosomes
after the induction of denmyelination in the pons [48]. Similarly, in
the present study we also observed an increase in ectonucleoti-
dases activities in synaptosomes after the induction of subcortical
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are statistically different (p« 0,057

demyelination (Fig, 3A-C, group V), Taken together, these results
indicate that while demyelination may occur in different brain
regions, this event interferes with the activity of emzymes that play
crucial roles in the CMS,

MTPDase and 5" -nuclectidase are enzymes that represent impor-
tant therapeutic targets as thev interfere with a variety of
phvsiological and pathological functions mediated by nuclectides
[42,45], NTPDase hydrolyses ATP and ADP to AMP and, subse-
quently, the enzyme 3-nucleotidase catalyzes AMP hydrolysis to
form adenosine [53], The actionof these twoenzymes is very impor-
tant to contral adenine nucleotides levels, and the duration and
extent of their respective receptor activation [3,51,54].

The release of adenine nuclectides on a massive scale ocours
in brain injury and despite the beneficial role of ATF, the accumu-
lation of this molecule may promote an increase in intracellular
calcium levels, increasing cellular damage [17]. On the other
hand, adenosine is an important molecule in the neuromodulation
and neuroprotection of CNS [13,39]. Most importantly, adenosine
acks as a potent neuron-ghial ransmitter promoting oligode ndro-
cyte progenitor differentiation and increasing ryelination through
activation of adenosine receptors [30], In this context, after the
demyelinating event, ectonuclectidase activities are likely to be
modulated in a way that facilitates the production of adenosine,
an important molecule for remmyelination.

Mo differences in MTPDase activity were observed in synapto-
somes in rats demyelinated and treated with vitamin E However,
S-nucleatidase activity was increased when compared to the con-
trol group (Fig, 3A-C, group V1, Studies carried out with Vitamin
E have provided evidence that this compound has neuroprotec-
tive proprieties, mainly by reducing the degree of oxidative stress
[24,40.52], On the other hand, these findings also demonstrate the
need o consider that modulation of ectonucleotidases by vitamin E
may also be a protective function, by which extracellular ATP{ADP
are kept within physiological levels and adenosine production is
increased,

The next set of experiments were performed in order to evalu-
ate NTPDase and 5'-nucleotidase activities in platelets of rats after
subcortical demyelination associated with vitamin E treatment,
Our results showed that the activities of these enzymes were also
increased in platelets of demyelinated rats (Fig, 4A-C, group IV, It
is known that demyelinating diseases such as MS cause alterations
in platelet functions [46], Evidence suggests that these alterations
may be due to the breakdown of the neural tissue, liberating myelin
basic protein into the blood, which may alterthe surface membrane
of platelets | 12,33], Accordingly, due tothe fact that MNTPDase and 59—
nucleotidase are membrane enzymes, alterations in the membrane
of platelets by myelin basic protein could be a decisive factor in
changing the conformational state of the enzyme molecules, which
wiould explain the alterations in the activity of these ectonucleoti-
dases after the demvelinating event.

In addition, NTPDase and 5-nucleotidase are crucial enzymes
for thromboregulation mechanisms by controlling the extracellu-
lar levels of adenine nucleatides in the vascular system [2], Studies
have demonstrated that ATP is an important vasoconstrictor and
ADP is the main promoter of platelet ageregation, whereas adeno-
sine is a potent inhibitor of this aggregation and a modulator of
vascular tone [ 38.47,55]. Based on ourresults, anincrease in platelet
econucleotidase activities may cause an imbalance in the ratio of
nucleotides/nucleosides in the circulation, contributing to vascular
disorders in demyelinating diseases.

On the other hand, when demyelinated rats were treated with
vitamin E, this compound reverted the increase of NTPDase activity
and increased 5'-nucleotidase activity in platelets when compared
to the control group (Fig 4A-C, group V) indicating that vitamin
E interferes with purinergic signaling, Studies have indicated that
vitamin E may inhibit plateler aggregation and adhesion [16,25],
however the mechanismis i responsible for thiseffect is few known.
Based on this evidence, we can infer that vitamin E is an impor-
tant compound involved in thromboregulation mechanisms in
demyelinating diseases through the modulation of ectonucleoti-
dase activities in platelets,

Another important aspect to be discussed is that vitamin E is the
major lipid-soluble antioxidant and plays the largest role in pro-
tecting cell membranes from oxidative damage [4.9]. In this sense,
due to the fact that NTPDase and 3-nucleotidase are membrane
enzymes and that demyelinating events may increase free radical
forration, it is possible that enzyme alterations in cerebral cortex
synaptosomes and platelets could be mediated by oxidative stress,
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In this context, the effect of vitamin E may be very important as a
free radical scavenger, stabilizing the curvature and fluidity of the
cell membranes,

Reinforcing the above-mentioned point, we demonstrated in
this study that oxidative stress markers such as TBARS and cata-
lase activity were altered after subcortical demyelination (Table 17,
However, our findings also revealed an increase in non-protein thicl
levels, suggesting that after the demyelinating event the organ-
ismn increases thiols as an antioxidant defense, These results agree
in part with those obtained in patients with MS, where oxidative
stress parameters in blood and cerebrospinal fluid were consis-
tently found to be increased, while anticxidant defenses were found
to be decreased, suggesting that oxidative stress may be associ-
ated with the pathogenesis of demyelinating diseases [26.27]. An
important point to be observed is that when demyelinated rats
were treated with vitamin E, alterations in TBARS and catalase were
reverted to control levels, demonstrating that vitamin E may have
an important antioxidant role in reducing the damage caused by
free radicals in demyelinating events,

In our study, the neuroprotective effect of vitamin E was
proven by the morphometric analysis of demyelinating lesions
(Figs.1 and 2}, The datafromthis analysis revealed that the denyeli-
nating lesions were smaller in rats treated with vitamin E when
compared with the demyelinated group (Fig 23 Although there
are few reports demonstrating the relevant anticxidant function
of vitamin E in wivo, we may suggest that neuroprotective proper-
ties of vitamin E observed in this study are attributed to antioxidant
activity associated with modulation in adening nucleotide hydrol-
ysis, In addition, we suggest that vitamin E may also exert its
functions in certain domains in membranes, influencing signaling
cascade with subsequent effects on the induction and suppres-
sion of genes [8.41], Taken together, these findings support the
hypothesis that this compound may be very important in the
reduction or prevention of demyelinating lesions that occur in
IS,

In conclusion, our findings reveal that adenine nuclectide
hydrolysis in synaptosomes and platelets, as well as oxidative stress
parameters, were altered after a demyelinating event in the sub-
cortical region, Since ATP and adenosing have important roles in
brain and platelets in response to injury, the up-regulation of thess
enzymes could have potential therapeutic importance, In addition,
this study highlights the protective role of vitamin E in reducing
the size of lesions and the degree of oxidative stress induced by
demyelination, suggesting that this compound may constitute a
therapeutic window in demyelinating diseases such as M5,
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4. Discussao

Muitos estudos tém demonstrado que a NTPDase, a E-NPP, a 5'-
nucleotidase e a ADA sdo enzimas que possuem um importante papel em
mecanismos de tromboregulagdo, nas respostas imunes e inflamatdrias, na
neurotransmissédo e na neuromodulagdo (Zimmermann et al., 2007; Yegutkin,
2008). As alteragfes na atividade destas enzimas tém sido descritas em varias
condi¢cdes patologicas bem como em modelos experimentais sugerindo que
elas podem ser um importante parametro patoldgico (Lunkes et al., 2003;
Spanevello et al., 2006; Schetinger et al., 2007; Bagatini et al.,, 2008;
Maldonado et al., 2008; Schmatz et al., 2009). Neste contexto, no presente
estudo a atividade destas enzimas foi avaliada em linfécitos e plaquetas de
pacientes com a forma SREM, bem como em sinaptossomas e plaquetas de
ratos submetidos a desmielinizagdo subcortical e tratados com vitamina E, com
0 objetivo de contribuir para um melhor entendimento da patogénese da EM.

A EM é a doenca desmielinizante mais comum do SNC (Kalb, 2000).
Embora a etiologia e a patogénese desta doenca ainda sao desconhecidas tem
sido demonstrado que processos auto-imunes direcionados contra
componentes da bainha de mielina ou oligodendrdcitos tem um papel crucial
em mediar processos inflamatoérios, particularmente nos estagios iniciais da
SREM (Dhib-Jalbut et al., 2006; Winquist et al., 2007; Lassman, 2008).

Tém sido relatado na literatura que NTPDase e ADA sdo enzimas
envolvidas em processos imunes e inflamatorios sendo que alteracbes em suas
atividades ja foram descritas em varias patologias as quais a imunidade esta
alterada (Hitoglu et al., 2001; Leal et al., 2005; Pousrharifi et al., 2008).

Seguindo esta linha, no presente estudo foi observado que a atividade e a
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expressdo da NTPDase estd aumentada em linfocitos de pacientes com a
SREM engquanto que a atividade da ADA esta diminuida nestas células quando
comparado com o individuos saudaveis. Estes resultados confirmam prévios
estudos que demonstraram que doencas imunes induzem alteracées no
metabolismo de nucleotideos e sugerem que NTPDase e ADA também
constituem-se em importantes enzimas para a modulacdo de respostas imunes
na EM (Leal et al., 2005; Vivekanandhan et al., 2005).

Acredita-se que a complexa patogénese da EM envolve a ruptura da
barreira hematoencefalica, infiltracido de células CD4" e CD8", de células B e
de macréfagos no SNC com concomitante liberacdo de moléculas pro-
inflamatorias resultando em desmielinizacdo e dano axonal (Dhib-Jalbut et al.,
2006; Lassman et al., 2008). Dentre as moléculas liberadas como resultado da
inflamacé&o e desmielinizacéo estdo os nucleotideos e nucleosideos de adenina
como ATP e adenosina. Estas moléculas sdo consideradas importantes na
interacdo entre os componentes do sistema imune durante a ativacao,
controlando assim o curso e resolucdo da resposta inflamatoéria e imune (Bours
et al., 2006; Gessi et al., 2007).

Estudos tém demonstrado que o ATP esta envolvido em funcdes pro-
inflamatérias como a estimulacdo e proliferacdo de linfécitos bem com a
liberacdo de citocinas (Trautmann, 2009). Além disso, o0 ATP é necessario para
a secrecdo de IFN-y por células Thl (Langston et al., 2003), o qual tem sido
indicado por ser uma das mais importantes citocinas envolvida nos
mecanismos patogénicos da EM (Dhib-Jalbut et al., 2006). Por outro lado, a

adenosina tem agfes imunossupressoras inibindo a ativacdo de linfocitos bem
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como a secrecao de citocinas pro-inflamatérias (Hasko et al., 2000; Gessi et al.,
2007).

Os niveis extracelulares destas moléculas em locais de inflamacdo séo
controlados pela acdo da NTPDase e ADA (Yegutkin, 2008). A NTPDase
hidrolisa ATP e possui um papel importante no controle das funcdes dos
linfécitos incluindo o reconhecimento de antigenos e a ativacédo de células T
citoxicas (Dwyer et al., 2007; Pulte et al., 2007). Ja a ADA catalisa a
deaminacdo de adenosina a inosina sendo essencial também para o
crescimento, proliferacdo e diferenciacdo dos linfocitos (Franco et al., 1997;
Aldrich et al., 2000). Neste contexto, baseado nos resultados obtidos neste
estudo pode-se sugerir que 0 aumento da atividade da NTPDase em linfocitos
de pacientes com a SREM pode diminuir os niveis de ATP extracelular, uma
molécula com ac¢bes inflamatorias, e a diminuicdo da atividade da ADA pode
aumentar os niveis de adenosina, uma molécula com ac¢des anti-inflamatorias e
imunossupressoras. Sendo assim, pode-se propor que as alteragcbes na
atividade da NTPDase e ADA em linfécitos de pacientes com SRMS podem ser
interpretadas como um mecanismo compensatorio, para diminuir a resposta
inflamatoria e imune contribuindo assim para a integridade do tecido neural
nesta fase da doenca.

Neste estudo também foi demonstrado uma diminuigdo na atividade das
enzimas NTPDase, 5'-nucleotidase, E-NPP e ADA em plaquetas de pacientes
com a SREM, indicando que esta doenca neuroldégica pode interferir com
parametros de coagulacao por alterar os niveis de nucleotideos e nucleosideos

na circulacao.
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Reforcando a hipétese acima, dados da literatura descrevem a presenca
de trombose em veias cerebrais (Wakefield et al., 1994; Bunyan et al., 1997;
Vandenberghe et al., 2003) e anormalidades nas fun¢bes plaquetarias como
grande tendéncia a agregacao espontanea e alta hipersensibilidade na
presenca de ADP em pacientes com EM (Neu et al., 1982). Estas observacdes
sugerem que as plaquetas poderiam ter um papel na formacédo das lesdes
desmielinizantes (Neu et al., 1982).

Tendo em vista que os nucleotideos de adenina possuem papéis
relevantes na circulacdo, sendo o ADP o principal promotor de agregacao
plaguetaria e a adenosina um inibidor desta agregacdo e um modulador do
tbnus vascular (Anfossi et al., 2002; Remijin et al., 2002; Rozalski et al.; 2005);
a acdo conjunta das enzimas NTPDase, E-NPP e 5-nucleotidase sé&o
fundamentais na circulacdo para a degradacao extracelular de ATP/ADP/AMP
e a respectiva geracdo de adenosina (Atkinson et al., 2006; Robson et al.,
2006). Juntas, essas enzimas representam o maior sistema efetor em terminar
com as respostas pro-inflamatérias e pro-trombdticas no  sistema
cardiovascular (Atkinson et al., 2006). Sendo assim, uma diminuicdo na
atividade da NTPDase, E-NPP e 5-nucleotidase em plaquetas de pacientes
com SREM poderia resultar em alteracdes na agregacao plaguetaria, uma vez
que a concentracdo de ADP pode aumentar no meio extracelular, enquanto
que a hidrolise de AMP esta diminuida levando a baixa producdo de adenosina.
Estas alteracGes poderiam explicar ao menos em parte o desenvolvimento de
complicagbes vasculares descritas na EM.

Um outro importante aspecto a ser discutido é que a atividade da ADA

também foi diminuida em plaguetas de pacientes com SREM. A ADA é
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responsavel por regular as concentracdes extracelulares de adenosina (Franco
et al., 1997); sendo assim pode-se especular que uma diminuicdo na atividade
desta enzima pode ser interpretada como um mecanismo compensatorio com a
finalidade de evitar a agregacéo plaquetaria excessiva e o desenvolvimento de
trombos. Reforgcando este ponto, foi demonstrado neste estudo que nédo houve
diferenca na agregacdo plaquetaria usando ADP como agonista entre
pacientes com EM e o grupo controle.

Como a maioria dos pacientes que fizeram parte deste estudo estavam
fazendo uso de terapia imunomodulatéria com IFN-B ou outros medicamentos
como paracetamol e clonazepam, os efeitos per se destes medicamentos
foram avaliados na atividade da NTPDase, da 5’-nucleotidase, da E-NPP e da
ADA em linfécitos e plaquetas. Os resultados obtidos demonstraram que o IFN-
B, o paracetamol e o clonazepam nédo foram capazes de alterar a atividade
destas ectoenzimas tanto em linfécitos quanto em plaquetas.
Consequientemente, acredita-se que as alteracbes observadas no presente
estudo na atividade da NTPDase, 5-nucleotidase, E-NPP e ADA né&o sao
devido aos medicamentos usados pelos pacientes e sim devido a propria
condicao patoldgica.

Neste trabalho o papel da NTPDase e da 5-nucleotidase, bem como
parametros de estresse oxidativo também foram avaliados em um modelo de
desmielinizacdo subcortical associado ao tratamento com vitamina E. A
desmielinizacdo toxica pelo brometo de etidio (BE) é um dos modelos mais
comumente usados para avaliar a capacidade reparativa do SNC frente a um
episédio de desmielinizacdo (Bondan et al., 2000), pois o BE é capaz de induzir

desmielinizacdo por destruir seletivamente células gliais: astrocitos e
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oligodendrocitos (Graca et al., 2001). Com este modelo experimental foi
observado um aumento na atividade da NTPDase e 5-nucleotidase em
sinaptossomas de cortex cerebral apos um evento de desmielinizagéo na ponte
(Spanevello et al., 2006). Similarmente, no presente estudo também ocorreu
um aumento na atividade destas enzimas quando a desmielinizacdo foi
induzida subcorticalmente, indicando que embora eventos desmielinizantes
ocorram em diferentes regides cerebrais eles interferem com a atividade de
enzimas que tem papéis cruciais no SNC.

A NTPDase e a 5’-nucleotidase estdo envolvidas nos processos de
neurotransmissdo e neuromodulacdo, sendo portanto responsaveis pela
hidrolise dos nucleotideos ATP, ADP e AMP na fenda sinaptica (Robson et al.,
2006; Yegutkin, 2008). O ATP além de atuar como um neurotransmissor
desempenha varias outras funcbes importantes no SNC (Burnstock, 2006;
Neary & Zimmermann, 2009). Entretanto a liberacdo extracelular deste
nucleotideo pode aumentar mediante injuria cerebral podendo contribuir para o
dano neurolégico através da ativacao de receptores P2X; (Freuve et al., 2002).
Por outro lado, a adenosina tem ac¢des neuroprotetoras (Cunha, 2001; Ribeiro
et al.,, 2003) e tem sido demonstrado que esta molécula promove a
diferenciacdo de células progenitoras de oligodendrdcitos podendo assim ter
um papel crucial na formacdo das bainhas de mielina (Stevens et al., 2002).
Neste contexto, acredita-se que apds um evento de desmielinizacdo no SNC a
atividade da NTPDase e 5'-nucleotidase sdo moduladas com a finalidade de
limitar os efeitos citotdéxicos do ATP e aumentar a producdo de adenosina, uma

importante molécula para remielinizacao.
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Além disso, neste modelo experimental o papel da NTPDase e 5'-
nucleotidase também foi verificado em plaquetas, uma vez que a literatura
descreve anormalidades nas funcdes plaquetarias na EM (Neu et al., 1982). Os
resultados obtidos demonstraram que a atividade destas enzimas também foi
aumentada em plaquetas de ratos desmielinizados pelo BE. Esses achados
diferem de outros trabalhos realizados em nosso grupo onde foi observado que
apos inducéo da desmielinizacdo na ponte (Spanevello et al., 2007) bem como
em pacientes com a SREM a atividade destas ectonucleotidases em plaquetas
apresenta-se diminuida. Embora os mecanismos envolvidos nestas diferencas
nao sdo conhecidos, evidéncias tém sugerido que o dano a bainha de mielina
pode resultar na liberacdo da proteina basica de mielina na circulacéo, a qual €
capaz de causar alteragcdes na membrana das plaquetas (Chiang et al., 1982;
Neu et al., 1982). Considerando que NTPDase e 5’-nucleotidase sdo enzimas
de membrana, alteracées na membrana das plaquetas pela proteina basica de
mielina poderia ser um importante fator sobre o estado conformacional dessas
enzimas 0 que poderia explicar as alteracbes destas ectonucleotidases em
plaguetas apds eventos desmielinizantes.

Em relacdo ao tratamento com vitamina E, foi observado que quando
ratos desmielinizados foram submetidos ao tratamento com 2 mg/Kg de
vitamina E n&o houve o aumento da NTPDase, mas a atividade da 5'-
nucleotidase permaneceu aumentada tanto em sinaptossomas quanto em
plaquetas quando comparado com o grupo controle, indicando assim que
vitamina E pode interferir com a sinalizacao purinérgica. Estudos tém relatado
que a vitamina E é capaz de inibir a adesdo e agregacdo plaquetaria,

entretanto 0s mecanismos responsaveis por estes efeitos ainda sao pouco
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conhecidos (Freedman & Keaney, 2001; Kobzar et al., 2005). Baseado nos
resultados deste estudo pode-se inferir que um dos provaveis mecanismos seja
a modulacdo da atividade das ectonucleotidases em plaquetas levando a
producdo de adenosina, uma molécula com acfes antiagregantes. Além disso,
evidéncias também tém indicado que vitamina E tem propriedades
neuroprotetoras principalmente por reduzir o grau de estresse oxidativo (Kashif
et al.,, 2004; Ricciarelli et al., 2007). A partir dos resultados obtidos neste
trabalho é importante considerar que a modulacdo da atividade das
ectonucleotidases no sistema nervoso pela vitamina E também pode ter um
papel protetor mantendo as concentracdes extracelulares de ATP/ADP dentro
dos niveis fisiologicos e aumentando a producéo de adenosina.

Outro importante aspecto a ser considerado € que vitamina E é um
antioxidante que possui um papel crucial em proteger as membranas celulares
do estresse oxidativo (Brigielius-Flohé & Traber, 1991; Atkinson et al., 2008).
Sendo assim, devido ao fato que NTPDase e 5’-nucleotidase sdo enzimas de
membrana € possivel que as alteracfes nestas enzimas em sinaptossomas e
plagquetas de ratos desmielinizados podem ser mediadas também por radicais
livres e que o efeito antioxidante da vitamina E pode ter sido importante em
estabilizar as propriedades da membrana plasmatica.

Reforgando o exposto acima, neste trabalho foi observado também que
marcadores de estresse oxidativo como niveis de TBARS foram aumentados
enquanto que atividade da catalase foi diminuida em ratos desmielinizados
pelo BE. Em adicao, o tratamento com vitamina E reverteu estas alteracdes ao
nivel do grupo controle sugerindo assim que este composto pode ser eficaz em

reduzir o dano celular causado por EROs em eventos desmielinizantes.
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O efeito neuroprotetor da vitamina E foi demonstrado neste estudo pela
analise morfométrica das lesdes desmielinizantes. Os dados obtidos desta
analise revelam que as lesbes foram menores em ratos desmielinizados e
tratados com vitamina E. Embora existem poucos estudos demonstrando a
relevante funcdo antioxidante da vitamina E in vivo, pode-se sugerir que as
propriedades neuroprotetoras deste composto observadas neste trabalho
podem ser atribuidas ao menos em parte, a sua atividade antioxidante
associada a modulacéo da hidrélise dos nucleotideos de adenina. Em adicéo, é
importante considerar também que vitamina E possui varias outras funcdes
incluindo acdes antiinflamatorias e regulacdo da sinalizacédo celular, as quais
também podem contribuir para os efeitos benéficos da vitamina E (Grammas et
al., 2004, Brigelius-Flohé, 2009). Finalmente, estas observacdes podem indicar
que este composto pode ser importante na reducdo ou prevencdo de lesdes
desmielinizantes que ocorrem na EM.

Em resumo, os resultados obtidos neste estudo permitem concluir que
as enzimas NTPDase, E-NPP, 5’-nucleotidase e ADA sao muito importantes na
EM bem como em modelos experimentais de desmielinizagcdo. Embora suas
funcdes variem de acordo com a localizagéo tecidual, pode-se observar que a
atividade destas enzimas sdo moduladas em linfécitos, plaquetas e em
sinaptossomas com o objetivo de minimizar processos inflamatorios e imunes e
reduzir o dano tecidual. A importancia destas enzimas sob o ponto de vista
clinico e terapéutico ainda precisa ser melhor investigada com a finalidade de
ajudar no desenvolvimento de novas estratégias para o tratamento de
pacientes com EM. Além disso, este estudo salienta também o papel

neuroprotetor da vitamina E em reduzir o tamanho de lesbes desmielinizantes
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induzidas experimentalmente, sugerindo assim que este composto pode ser

benéfico no tratamento da EM.
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5. Conclusodes

Este foi o primeiro trabalho a avaliar a atividade de ectoenzimas em
linfécitos e plaquetas de pacientes com a forma SREM, bem como em ratos
submetidos a desmielinizagcdo subcortical por BE. O dado mais importante que
pode ser observado neste estudo é que independente da localizag&o tecidual
ocorre uma modulacdo na atividade de ectoenzimas, possivelmente com a
finalidade de manter a integridade tecidual na patologia desmielinizante.

Além disso, a vitamina E interferiu com a sinaliza¢éo purinérgica tanto no
sistema nervoso quanto no sistema vascular e diminuiu parametros de estresse
oxidativo em ratos desmielinizados, demonstrando assim uma acéo
neuroprotetora frente a um modelo experimental de desmielinizacdo. Esses
dados sugerem que a vitamina E pode ser um composto benéfico para o

tratamento de doengas desmielinizantes como a EM.
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6. Perspectivas

Muitos aspectos precisam ser ainda investigados em relacdo aos
processos desmielinizantes da Esclerose Multipla, sendo assim poderiamos
aprofundar mais estes estudos a partir da concretizacdo dos seguintes

objetivos:

» Avaliar a atividade da NTPDase, da 5-nucleotidase, da E-NPP e da
ADA em linfocitos e plaquetas de pacientes e com as formas progressiva

secundaria e progressiva primaria da EM.

» Avaliar os niveis de nucleotideos de adenina no soro de pacientes com

EM.

» Avaliar parametros de estresse oxidativo em todas as formas de EM.

» Avaliar parametros de estresse oxidativo bem como a atividade de

ectoenzimas durante o surto da EM.

> Investigar o papel de outros compostos antioxidantes como N-acetil

cisteina e resveratrol no modelo de desmielinizacao pelo BE.
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Anexo |

Carta de aprovacdo do Comité de Etica da Universida  de
Federal de Santa Maria para a realizacédo de estudos com

portadores de Esclerose Mdltipla.
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MINISTERIO DA SAUDE UNIVERSIDADE FEDERAL DE SANTA MARIA < /g,
Conselho Nacional de Saude Pro-Reitoria de Pés-Graduagédo e Pesquisa ;*b 4
Comissdo Nacional de Etica em Pesquisa Comité de Etica em Pesquisa - CEP- UFSM ¢ >
(CONEP) REGISTRO CONEP: 243 % &
CARTA DE APROVAGCAO

O Comité de Etica em Pesquisa — UFSM, reconhecido pela Comissao Nacional de
Etica em Pesquisa — (CONEP/MS) analisou o protocolo de pesquisa:

Titulo: Estudo do perfil oxidativo e avaliagéo enzimética em linfocitos e plaquetas de
pacientes com Esclerose Multipla.

Namero do processo: 23081.007854/2007-44 )

CAAE (Certificado de Apresentagdo para Apreciagao Etica): 0081 .0.243.000-07
Pesquisador Responsavel: Maria Rosa Chitolina Schetinger

Este projeto foi APROVADO em seus aspectos éticos e metodologicos de acordo com
as Diretrizes estabelecidas na Resolucdo 196/96 e complementares do Conselho
Nacional de Saude. Toda e qualquer alteragdo do Projeto, assim como os eventos
adversos graves, deverdo ser comunicados imediatamente a este Comite. O
pesquisador deve apresentar ao CEP:

Dezembro/2008 Relatério parcial
Dezembro/2009 Relatdrio final

Os membros do CEP-UFSM nao participaram do processo de avaliagao dos projetos
onde constam como pesquisadores.

DATA DA REUNIAO DE APROVAGAO: 06/07/2007

Santa Maria, 6 de julho de 2007.

(d’:‘.»\_/ f o /"’_—
Prof. Dr. Carlos Ernando da Silva

Coordenador do Comité de Etica em Pesquisa — UFSM
Registro CONEP N. 243.
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Termo de Consentimento Livre e Esclarecido e Questi  onério
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

O Programa de P6s Graduagdo em Bioquimica Toxicolégica da UFSM
estd desenvolvendo o projeto de pesquisa “Estudo do perfil oxidativo e
avaliacdo enzimatica em linfécitos e plaquetas de p  acientes com
Esclerose Mudltipla” através da doutoranda Roselia Maria Spanevello,
orientada pela professora Maria Rosa Chitolina Schetinger. Este projeto tem
como objetivo avaliar a atividade de componentes sangliineos em pacientes
com Esclerose Mdltipla e em individuos controles, livres de qualquer patologia,
com a finalidade de colaborar para um melhor entendimento desta doenca,
além de proporcionar mais informagfes aos pacientes, ja que estes terdo
acesso aos resultados da pesquisa.

Serd realizada uma coleta de sangue (puncédo venosa) para obtencdo do
soro e plasma. O desconforto se resume a picada da agulha, sendo que apos a
coleta o local podera ficar dolorido ou arroxeado, mas nao requer nenhum
cuidado especial voltando ao normal em poucos dias. Todo o material utilizado
para a coleta sera descartavel e /ou desinfectado. Este estudo ndo envolve
risco adicional de vida ou contaminacdo aos pacientes. As amostras serao
tratadas de acordo com os protocolos experimentais estabelecidos.

Sera também aplicado um questionario que servira para coletar alguns
dados que serdo posteriormente importantes para a interpretagcdo dos
resultados, sendo que vocé e livre para respondé-lo ou ndo. Fica garantido que
os dados coletados ficardo sob responsabilidade do pesquisador e que 0s
mesmos serao utilizados apenas para fins cientificos, sem que o paciente seja
identificado, garantindo assim o anonimato.

A sua participacdo neste estudo € livre é voluntaria, sendo que nao
havera nenhuma forma de compensagdo financeira ou custos para o
participante. A recusa na participacdo nao leva nenhum prejuizo ou
comprometimento dos seus cuidados médicos.

Pelo presente Termo de Consentimento Livre e Esclarecido, declaro que
estou de acordo em participar deste projeto de pesquisa, livre de qualquer
constrangimento, pois fui informado de forma clara e detalhada dos objetivos e
procedimentos que serao realizados. Fui igualmente informado da garantia de
receber respostas a qualquer davida que ainda puder ter sobre assuntos
relacionados com a pesquisa, e da liberdade de retirar meu consentimento a
qualquer momento, sem que haja prejuizo de qualquer ordem.

Ciente e de acordo com o que foi anteriormente exposto, eu
estou de acordo em participar desta

pesquisa, assinando este consentimento.

Santa Maria, de 2008

Nome do paciente

Identidade

Assinatura do responsavel pelo paciente, nos casos em que o paciente for
menor que 18 anos
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Identidade

Assinatura do pesquisador

Em casos de duvidas entrar em contato com:
Maria Rosa Chitolina Schetinger (Orientadora): 3220 8665
Roselia Maria Spanevello (pesquisadora): 30257062 ou (55) 99788881

Comité de ética em pesquisa da UFSM: Avenida Roraima 1000, Prédio Reitoria
7° andar, sala 702, Cidade Universitaria — Bairro Camobi, CEP: 97105-900,
Santa Maria - RS. Fone (55) 32209362.
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Projeto: Estudo do perfil oxidativo e avaliagdo enzimaticae  m linfocitos e
plaguetas de pacientes com Esclerose Mdltipla.

Questionario:

1) Nome: 2) ldade: 3) Sexo:
4) Possuem alguma doenca? ( )sim ( )néo
Qual?

5) Se portador de Esclerose Multipla possui qual forma?
( ) surto-remissdo ( ) progressiva primaria () progressiva secundaria ( ) nao sei

Quanto tempo possui a doenga?

6) Toma medicamentos? () sim ( )néo

Quais? Para que?

7)Toma algum especifico para Esclerose Mdltipla? () sim ( )néo
Qual? Quanto tempo faz uso deste medicamento?

8) Se mulher, fez ou faz uso de contraceptivos orais? Quanto tempo usa ou
usou este medicamento?

9) Teve filhos?

7) Fumante? ( )sim ( )néo

Outras Observagoes:




