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APRESENTACAO

Este trabalho consiste na tese de doutorado intitulada “Avaliagcdo da
atividade de nucleotidases na hemostasia e parametros de estresse
oxidativo em mulheres gravidas normais, com diabetes melito gestacional,
pré-eclampsia e portadoras do virus HIV” O trabalho esta estruturado em
trés partes: resumo, introducdo e objetivos (parte I), manuscritos e artigo
(parte 1), discusséao, conclusdes, referéncias e anexos (parte IlI).

Os resultados, a discussdo e a conclusdao contém dados e
comentarios referentes aos manuscritos e artigos apresentados neste
trabalho.

Nas referéncias bibliograficas estdo apenas as citagfes utilizadas
para desenvolver os itens introducao e discusséo.

Nos anexos esté a carta de aprovacao do projeto dado pelo Comité
de Etica da Universidade Federal de Santa Maria, assim como um
exemplo do termo de consentimento livre e esclarecido utilizado para
captacdo das pacientes gestantes e o0 questionario de avaliagdo utilizadas

neste trabalho.
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Resumo

O periodo gestacional é bastante complexo e do ponto de vista vascular,
ocorrem inumeras alteracbes e adaptagcdes no sistema circulatorio, na
funcionalidade plagquetaria e no sistema endotelial com o objetivo de prevenir
futuras complicagcbes na mae ou no concepto no momento do parto e apos o
nascimento. Além das altera¢des na circulacdo, nos processos vasculares e no
sistema imune que sao inerentes a este periodo, existem trabalhos
demonstrando a geracdo de espécies reativas de oxigénio (EROs) e de
nitrogénio (ERNs) as quais poderédo desencadear um desequilibrio do balanco
redox. Os nucleotideos de purina ATP, ADP, AMP, além do nucleosideo
adenosina participam da regulacdo vascular endotelial, de processos
inflamatoérios e do controle imunoldgico entre outras funcdes. O controle da
producdo e dos niveis intracelulares e extracelulares destes nucleotideos e
nucleosideos sédo regulados por uma cascata enzimatica, na qual, participam
as enzimas E-NTPDases (Ecto-Nucleosideo Trifosfato Difosfoidrolase), E-
NPPs (Ecto-Nucleotideo Pirofosfatase Fosfodiesterase), 5'-Nucleotidase e
adenosina desaminase. O objetivo deste trabalho foi investigar a atividade de
enzimas envolvidas no processo hemostético de gestantes normais e com
complicacbes, como a diabetes melito gestacional, a pré-eclampsia e
contaminadas com o virus HIV, além de alguns parametros de estresse
oxidativo e a agregacao plaquetaria durante o terceiro trimestre gestacional. Os
resultados obtidos demonstram um aumento na atividade das enzimas
NTPDase e 5'-nucleotidase em plaguetas de gestantes normais e com
diabetes melito gestacional e pré-eclampsia comparadas com mulheres néo
gravidas. Ocorreu um aumento na atividade da enzima adenosina desaminase
no soro de gestantes normais e com diabetes melito gestacional, pré-eclampsia
e contaminadas com o virus HIV. Foi verificado, também, um aumento na
atividade plaquetaria, através da medida da agregacdo plaquetaria, nas
gestantes normais e com diabetes melito gestacional, pré-eclampsia e
contaminadas com o virus HIV. Por outro lado, foi verificado um aumento na
atividade das enzimas superoxido dismutase, catalase, butirilcolinesterase e
acetilcolinesterase juntamente com um aumento da peroxidacao lipidica e uma
reducdo dos niveis de acido ascoérbico e conteudo sulfidrilico total. Além disso,
ndo foi encontrada alteracdo significativa na analise de carbonilagcdo protéica.
Os resultados apresentados aqui sugerem que estas ectonucleotidases atuam
na modulacdo de respostas vasculares, inflamatorias, imunes e circulatorias.
Finalmente, foi detectado um aumento na atividade de enzimas antioxidantes e
uma reducdo no contetdo de moléculas antioxidantes, acompanhadas de um
aumento no dano oxidativo aos lipidios de membrana o que remete a uma
producdo aumentada de espécies reativas e a uma tentativa do organismo em
combater este desequilibrio.

Palavras Chave : gravidez, ectonucleotidases, plaquetas, soro, estresse
oxidativo.



Abstract

The pregnancy stage is very complex in the vascular point of view,
occurring many changes and adjusts in the circulatory system, in the platelets
functionality and in the endothelial system with the function of prevent future
complications to the pregnant or to the newborn at the delivery and in the
afterbirth. Besides the circulation changes, in the vascular processes and in the
immune system that are inherent to this stage, there are studies that report the
generation of reactive oxygen (ROS) and nitrogen species (RNS), which could
trigger an imbalance in the redox status. The purine nucleotides ATP, ADP,
AMP and the nucleoside adenosine participate in the endothelial vascular
regulation, inflammatory events, immune regulation, among other functions. The
control of the production, the intracellular and extracellular levels of these
nucleotides and nucleosides are regulated by an enzymatic cascade, in which,
participate the enzymes E-NTPDases (ectonucleotise triphosphate
diphosphohydrolases), E-NPPs (ectonucleotide
pyrophosphatase/phosphodiesterases), 5-nucleotidase and  adenosine
deaminase. The purpose of this study was to investigate the activity of enzymes
involved in the hemostatic dynamics from normal pregnant and those with
complications, such as the gestational diabetes mellitus, the pre-eclampsia and
infected with the HIV. We also investigated some oxidative stress parameters
and the platelets aggregation during the third gestational trimester. The results
demonstrated an increase in the enzymes NTPDase and 5’-nucleotidase in
platelets from normal pregnant and those with gestational diabetes mellitus and
pre-eclampsia compared with not-pregnant women. It was also observed an
increase in the enzyme adenosine deaminase activity in the serum from normal
pregnant and those with gestational diabetes mellitus, pre-eclampsia and
infected with the HIV. It was also verified an increase in the platelets activity
through the measure of platelets aggregation in the normal pregnant, those with
gestational diabetes mellitus, pre-eclampsia and infected with the HIV.
Otherwise, it was verified an increase in the activity of the enzymes superoxide
dismutase, catalase, butyrylcholinesterase and acetylcholinesterase together
with an increase in the lipid peroxidation and a decrease in the ascorbic acid
and total sulphydryl groups content. Moreover, it was not observed any
significant alteration in the protein carbonilation. The results showed here
suggest that these ectonucleotidases participate in the modulation of vascular,
inflammatory, immune and circulatory responses. Finally, it was detected an
increase in the activity of antioxidant enzymes and a decrease in the antioxidant
molecules content, together with an increase in the membrane lipids oxidative
damage, which brings about an increased production of reactive species and a
struggle of the body to combat this unbalance.

Keyword: pregnancy, ectonucleotidases, platelets, serum, oxidative stress.
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1. Introducao

Na gravidez sdo profundas as adaptacbes anatdmicas, fisiologicas e
bioquimicas que acontecem na mulher a curto espaco de tempo. Elas
comecam logo apos a fertilizagdo e continuam durante toda a gravidez
(duracdo meédia de 266 dias a partir da fertilizacdo ou de 280 dias a partir da
altima menstruacéo) desaparecendo rapida e quase por completo apos o parto
e término da lactacdo. O entendimento desta adaptacédo do organismo materno
é fundamental para que se diferencie o fisiolégico do patolégico e se possa
prevenir, diagnosticar e tratar as intercorréncias induzidas ou coincidentes com

a gestacédo (Bussamara, 2006).

1.1 Metabolismo na gestacao

O conceito de metabolismo descreve as mudancas quimicas que
ocorrem continuamente nas células da matéria viva e remonta ao século XVIII.
Envolve processo pelo qual o alimento ou matéria nutritiva € construido
(anabolismo), ou pelo qual o protoplasma é quebrado a uma simples matéria
(catabolismo). O metabolismo durante a gravidez foi inicialmente interpretado
como uma introducdo de um “parasito” sobre o organismo de uma mulher néo
gravida. As adaptacbes maternas eram descritas como uma reacdo ao
estresse ou a deplecdo de reservas pelo feto. Este conceito é falho por
inimeras razdes, entre elas, a de que muitos dos ajustes metabdlicos

acontecem nos estagios iniciais da gravidez quando o feto ainda é muito



pequeno para exigir consideravel demanda metabdlica da mae (Hadden &
McLaughlin 2009).

Ja nos periodos finais da gravidez os processos metabdlicos tornam-se
mais complicados devido as interagcdes entre o0 organismo materno e o
desenvolvimento do feto. Portanto, as adaptacdes metabdlicas durante a
gravidez sdo essenciais para assegurar adequado crescimento e
desenvolvimento para o feto; para garantir a este um estoque de energia e
substrato que serdo necessarios ap0s 0 nascimento; para atender as
alteracdes necessarias no organismo materno para o aumento da demanda
fisiologica da gravidez; para fornecer a mae estoques de energia e substratos
suficientes para fazer frente as demandas da gravidez tanto quanto aquelas do

trabalho e lactacdo (Hadden & McLaughlin 2009).

1.2 Metabolismo da glicose na gestacao normal

Na gravidez normal, o crescimento da unidade fetal-placentaria aumenta
0s niveis de cortisol, do horménio do crescimento, do horménio lactogénio
placentario humano, da progesterona e da prolactina, os quais podem resultar
em hiperinsulinemia, resisténcia a insulina, hipoglicemia de jejum e
hiperglicemia pos-prandial (Kuhl, C. 1998; Butte, N. 2000).

Por sua vez, ocorre um aumento e uma adaptacdo da funcédo da célula
beta pancreatica para compensar a diminuicdo da sensibilidade a insulina e o
aumento da demanda de energia. Morfologicamente, ocorre hiperplasia e
hipertrofia das células pancreaticas maternas. Em resposta aos niveis de

insulina elevados, o organismo materno utiliza a glicose muscular periférica e



0os estoques de glicogénio teciduais para manter a sensibilidade a insulina
normal no primeiro trimestre de gravidez. A medida que a gravidez avanca,
estas respostas tornam-se inadequadas para a demanda de energia exigida
pelo feto e, entdo, a resisténcia a insulina desenvolve-se. A resisténcia a
insulina em gestacbes normais é aumentada em cerca de 40% a 70% no

terceiro trimestre de gestacao (Pridjian & Benjamin, 2010).

1.3 Diabetes Melito Gestacional

Este tipo de diabetes tem sido definido como algum grau de intolerancia
a glicose com inicio ou primeiro reconhecimento durante a gravidez (ADA,
2010), sendo diferente do diabetes tipo 1 ou 2 pré-diagnosticada ou de uma
diabete do jovem com inicio na maturidade (MODY). Esse disturbio € uma das
complicacbes mais comuns da gestacdo, com uma prevaléncia de 2 a 15%,
dependendo da populacdo estudada e dos critérios diagnoésticos utilizados
(Montenegro et al., 2000).

Esta ampla definicho de diabetes mellitus gestacional pode incluir
mulheres cuja intolerancia desenvolveu-se durante a gravidez e aquelas que
eram portadoras de diabetes pré-existente e ainda n&o tinham sido
diagnosticadas antes da gravidez. Esta distincdo € muito importante visto que
diferentemente da maioria dos bebés de mulheres que desenvolveram
intolerdncia na gravidez, agueles bebés de mulheres com diabete pré-existente
podem estar expostos a hiperglicemia nos primeiros dois trimestres de gravidez

resultando em um aumento do risco de varias anormalidades em seu sistema



cardiovascular, sistema nervoso central e musculo-esquelético (Corrigan et al.,
2009; Correa et al., 2008). Comparado com as mulheres gravidas normais,
mulheres com diabetes melito gestacional possuem a funcdo das células-3
pancreaticas prejudicadas e ocorre uma reducdo da adaptacdo destas células
resultando na insuficiente secrecdo de insulina, responsavel por manter os
niveis de glicemia normais. Mulheres com diabetes melito gestacional e
mulheres obesas com diabete melito gestacional apresentam enorme
resisténcia a insulina e menor producéo de glicose hepatica do que mulheres
sem diabete melito gestacional (Devlieger et al., 2008).

A realizacdo de exames pré-natais € fundamental visto que a gestacéo
em mulheres diabéticas é uma condicdo reconhecidamente associada a uma
maior freqiéncia de anormalidades, quando comparada a gesta¢cdes normais.
Sabe-se que a hiperglicemia, nesse periodo, pode resultar em aumento da
mortalidade fetal, além de uma maior freqiiéncia de complicacdes no bebé tais
como malformagdes, macrossomia, hipoglicemia, hiperbilirrubinemia,
policitemia, hipocalcemia, hipomagnesemia, cardiomiopatia hipertréfica e
sindrome do desconforto respiratorio do recém-nascido. Para a gestante, o
mau controle metabdlico esta implicado em maiores indices de abortos
espontaneos, infec¢des, hipertensdo arterial, DHEG, partos pré-termo e
cesareas. Embora ainda ndo estejam completamente definidos os niveis ideais
de glicemia durante a gestacdo nas pacientes diabéticas, ja estda demonstrado
que um bom controle metabdlico esta associado a reducdo dessas

complicagbes (Rudge et al., & Rugolo, 2000).



1.3.1 Rastreamento da Diabete Melito Gestacional

O rastreamento consiste, inicialmente, no teste oral de tolerancia a
glicose com 50 gramas (TOTG-50), e medidas de glicemia plasmatica venosa,
de jejum e de 1 h ap0s a sobrecarga. A medida da glicemia plasmatica venosa,
em jejum, servira para identificacdo de casos assintomaticos de Diabetes
mellitus prévio. Um resultado de glicemia de jejum maior ou igual a 126 mg/dL,
confirmado com repeticdo do exame, € considerado como diagnoéstico de DMG.
Caso contrario deve ser analisado a glicemia de 1 h do TOTG-50. Considera-se
rastreamento positivo, quando a glicemia de 1 h apés o TOTG-50 for maior ou
igual a 130 mg/dL, estando indicado o teste de tolerancia a glicose com 75
gramas para diagnostico. Se a glicemia de 1 h, no teste com 50 gramas, for
menor que 130 mg/dL, consideram-se rastreamento negativo, devendo ser
repetido entre a 242 e 282 semanas e analisado, utilizando-se 0os mesmos

critérios (Montenegro et al., 2000).

1.4 Pré-eclampsia

E uma desordem multisistémica de causa ainda desconhecida que é
unicamente da gravidez humana. E a maior causa de mortalidade e morbidade
materna (15 a 20% em paises desenvolvidos), morte perinatal, prematuridade e
restricdo do crescimento intrauterino. Esta € caracterizada por uma resposta
vascular anormal durante a placentacdo a qual € associada com um aumento
sistémico da resisténcia vascular, aumento da agregacao plaquetéria, ativacao

do sistema de coagulacdo e disfungdo das células endoteliais. O quadro clinico



da pré-eclampsia pode se manifestar como uma sindrome maternal
(hipertenséo e proteindria sem ou com outras anormalidades multisistémicas)
ou uma sindrome fetal (restricdo do crescimento fetal, fluido amniético reduzido
e oxigenacao anormal) (Sibai, 2003).

A pré-eclampsia é o maior problema obstétrico que leva a substancial
mortalidade e morbidade maternal e perinatal, especialmente em paises
desenvolvidos (Duley, 2003). As consequUéncias na pré-eclampsia dependem
de um ou mais dos seguintes fatores: idade gestacional no momento do inicio
da doenca, severidade da doenca, qualidade do desenvolvimento e presenca
ou auséncia de desordens médicas pré-existentes (Kupferminc, 2003).

Em geral, as consequéncias perinatais e maternais sao usualmente
favoraveis em mulheres com suave pré-eclampsia desenvolvida em torno da
362 semana gestacional. Ao contrario, a morbidade e mortalidade sé&o
aumentadas em mulheres que desenvolvem esta desordem apdés a 302
semana de gestacdo (Zhang et al, 2003), naquelas com desordens médicas
pré-existentes (Sibai, 2004) e naquelas pertencentes a paises desenvolvidos

(Sibai, 2003).

1.4.1 Diagnostico da Pré-eclampsia

A pré-eclampsia € ususalmente diagnosticada na presenca de
hipertensdo associada com proteindria. A hipertensdo é definida como uma
pressdo sanguinea de 140 mm Hg (sistolica) ou 90 mm Hg (diastolica) em pelo
menos duas ocasifes com um intervalo de medida de pelo menos 4 a 6 horas,
sendo esta medicdo feita apés a 20* semana gestacional em mulheres

conhecidamente normotensas antes da gestacéo (Brown et al., 2000).
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As medicdes da pressdo sanguinea destas gestantes para estabelecer
o diagnostico ndo devem ter um intervalo maior que uma semana. A
hipertensdo é considerada grave se ocorrer aumento sustentado da pressao
sanguinea até o valor de 160 mm Hg (sistdlica) e 110 mm Hg (diastélica)
separadamente ou ambas (Hauth et al., 2000). A proteinuria € definida como a
excrecao de 300 mg ou mais de proteinas a cada 24 horas. Se as amostras de
urina de 24 horas ndo sdo disponiveis, a proteindria € definida como uma
concentracdo protéica de 300 mg/L ou mais (1+ on dipstick) em pelo menos
duas medidas utilizando amostras de urina aleatérias obtidas com um intervalo
maximo de 4-6 horas entre uma coleta e a outra (Sibai, 2003).

Na auséncia de proteindria, a pré-eclampsia pode ser considerada
quando a hipertensdo estd associada com sintomas cerebrais, dor no
quadrante superior direito ou dor epigastrica juntamente com nauseas e
vomitos e, também, diminuicdo do numero total de plaquetas (trombocitopenia)
e alteracbes dos niveis de enzimas hepaticas (Brown et al., 2000). A pré-
eclampsia é considerada grave se a hipertensao severa esta associada com
proteindria ou se a hipertensdo estda associada com proteinuria severa

(excrecdo de 5 g de proteina por dia) (Waugh et al., 2004).

1.5 Gravidez e Virus da Imunodeficiéncia Humana (HI V)

A incidéncia e a prevaléncia da infeccdo pelo HIV em mulheres vém

aumentando gradativamente desde a década de 1980, quando menos de 10%

dos pacientes com a Sindrome da Imunodeficiéncia Adquirida (SIDA) eram do
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sexo feminino. Atualmente, quase metade (44-47%) das pessoas infectadas
pelo HIV sdo mulheres (Craft et al., 2007).

As principais formas de exposicdo na populacdo feminina sdo os
relacionamentos heterossexuais e 0 uso de drogas injetaveis, compreendendo
95% dos casos novos, com maior importancia epidemiolégica de forma direta
para a exposicao heterossexual, responsavel pela infeccdo em 63% dos casos.
Existem diversos fatores que aumentam a probabilidade de contagio pelo HIV
durante o contato sexual com um individuo infectado, tais como a pratica do
sexo anal, a coexisténcia de outras doencas sexualmente transmissiveis
(DST), lesdes ulceradas, escoriacdes ou inflamacdo na mucosa genital, método
contraceptivo usado e, ainda, relacdes sexuais durante o periodo menstrual
(Cohen et al., 2008).

Com o drastico aumento da prevaléncia do HIV nas mulheres, sendo
que a maior parcela desta estd em idade reprodutiva (Craft et al., 2007) e,
ainda, conhecendo-se a possibilidade nao desprezivel de transmisséo do virus
da mée infectada para seu filho durante a gestacédo, parto e lactacdes, foram
elaboradas intervencdes visando a reduzir o risco desta modalidade de
transmissdo. Tais medidas, utilizadas desde 1994, incluem o uso de alguns
retrovirais como, por exemplo, a zidovudina (AZT), estabelecido a partir de um
estudo multicéntrico realizado nos Estados Unidos e na Franga (Connor et al.,
1994).

As drogas antiretrovirais sdo supressivas, elas ndo podem curar a
infeccdo com HIV-1. Contudo, a terapia antiretroviral tem mudado a infecgéo
com HIV-1 de uma infeccdo quase uniformemente fatal para uma doenca

cronica. Na verdade o uso generalizado da terapia antiretroviral ao redor do
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mundo levou a um rapido e notavel declinio na morbidade e mortalidade dos
pacientes infectados (Palella et al., 1998). Contudo, logo apdés o sucesso do
primeiro agente, azidotimidina (AZT), ficou claro que a terapia deveria requerer
uma combinacdo de agentes, referidos como “HAART” (“highly active
antiretroviral therapy”) (Larder, 2001).

As combinacbes de antiretrovirais sdo projetadas para retardar o
aparecimento de mutantes resistentes a droga e permitir uma supressao viral
mais duradoura, mas elas também complicam o tratamento. Além disso, 0 uso
descontinuo de HAART leva a uma rapida perda da supressédo viral, assim
como outras consequéncias adversas, incluindo aumento do risco de infec¢des
oportunistas, complicacdes cardiovasculares e a morte (Kaufmann et al., 2004).

Além disso, diversos estudos tém mostrado que a replicacdo do HIV é
um importante determinante de disfuncdo endotelial (Solages et al., 2006).
Como consequéncias da funcédo endotelial prejudicada, pacientes infectados
com HIV podem estar em um estado de hipercoagulabilidade (Wolf et al.,
2002). Nestes pacientes as células endoteliais ativadas promovem ativacéo
plaquetéria, reacdes inflamatorias e progressao da aterosclerose (Tsakiris et

al., 1999).

1.6 Hemostasia

A hemostasia refere-se ao mecanismo relacionado a parada do
sangramento seguinte a uma injUria de um vaso sanguineo. ApGs uma violacao
a integridade vascular, ocorre um complexo de reacdes que levam a uma

rapida transformacdo do sangue da forma fluida até a forma de trombo
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localizado no sitio do tecido danificado. A hemostasia €, portanto, projetada
para minimizar a perda sanguinea, restaurar a integridade vascular e preservar
a vida. Ja a 10.000 a.c evidéncias sugeriram que 0S homens primitivos
entenderam de procedimentos cirargicos e reconheceram 0s riscos de um
sangramento ndo controlado. Embora nosso entendimento do complexo
fisiolégico da hemostasia permaneca ainda muito limitado. Estudos tém
demonstrado que o dano a parede de um vaso sanguineo leva a uma interacao
complexa de quatro componentes chaves: endotélio vascular, plaquetas, via de

coagulacéo e finalmente a fibrindlise (Eyre & Gamlin, 2010).

1.6.1 Endotélio Vascular

A morfologia vascular normal compreende trés camadas: a intima que
consiste de uma monocamada de células endoteliais ndo trombogénicas, uma
membrana basal interna acima do musculo liso e uma membrana adventicia, a
qual consiste de uma membrana externa que suporta o tecido conetivo. O
endotélio vascular é equipado com um numero de mecanismos que atenuam a
formacao do trombo. Eles previnem a ativacao plaquetéaria através da producao
de prostaciclinas e 6xido nitrico (ambos os quais sdo vasodilatadores) além de
ectonucleotidases e sulfatos de heparina. Existem os fatores que interrompem
a cascata da coagulacao, como a antitrombina Ill, trombomodulina e o inibidor
da via do fator tecidual. No endotélio vascular é produzido o fator de von
Willebrand, o qual serve de mediador para a adesdo plaquetaria e pode

disparar e regular a fibrindlise através da sintese e da liberacdo do ativador de
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plasminogénio tecidual e da inibicdo do fator inibidor do ativador do
plasminogénio tecidual (PAI-1) (Van Hinsbergh, 2001).

Quando o endotélio vascular é fisicamente danificado, ele torna-se
proinflamatdrio e protrombotico (tabela 1) e caracteriza-se pela vasoconstricéao,
ativacdo e adeséao de leucdcitos e plaquetas, promocao da formacgéo da fibrina

e deposicao da fibrina na parede vascular (Becker et al., 2000).

Efeitos no endotélio vascular Mediador conhecido

Vasoconstricdo Reflexo nervoso inicial, sustentado pela liberag&o

de granulos plaquetarios

Adesdo e ativacdo de leucocitos e | Expressao do fator de von Willebrand e ativacéo

plaguetas de fatores plaquetarios, P-seletina

Promocao da formacéo de trombina | Iniciacdo pelo complexo fator VII-fator tecidual

e coagulacéo

Deposicdo de fibrina na parede | Expressdo do fator tecidual e inibidor do ativador

vascular do plasminogénio

Tabela 1. Eventos ocasionados pelo rompimento do endotélio vascular.

(adaptado de Becker et al., 2000).
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1.6.2 Plaquetas sanguineas

As plaquetas sao células ndo nucleadas em forma de disco, medem
cerca de 2 - 4 mm de diametro e sdo derivados dos megacariocitos. Sua faixa
de vida util € de 8 a 14 dias. Sob circunstancias normais elas circulam
livremente sem interacdo, porém na presenca de dano ao endotélio, uma
cadeia de eventos é disparada levando a formacdo do coagulo rico em
plaguetas. O papel das plaguetas na hemostasia pode ser dividido em adeséao,

ativacdo, secrecao e agregacao (figura 1) (Bhatt, 2008)

1.6.2.1 Adesao Plaguetaria

As plaquetas aderem avidamente ao endotélio danificado ou aos
componentes subendoteliais expostos. A aderéncia € mediada via fatores
derivados da parede dos vasos ligados a glicoproteinas especificas das
membranas plaquetéarias. Por exemplo, o colageno exposto liga-se ao receptor
de glicoproteina GPla, enquanto o fator de von Willebrandt liga-se ao receptor
de glicoproteina GPIb. O fator de von Willebrandt (VWVF) € uma grande
glicoproteina presente no plasma e produzida no endotélio, megacariocitos e

tecido conetivo subendotelial (Bhatt, 2008).

1.6.2.2 Ativagdo Plaquetéria

Apods a adesdo plaquetaria muitos agonistas, por exemplo, colageno e

trombina, assim como alguns produzidos pelas plaguetas (adenosina difosfato)
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ligam-se aos receptores de glicoproteina e iniciam a transducdo de sinal
através da membrana plaquetéria via segundo mensageiros como a fosfolipase
A2, a qual produz &acido araquiddnico, o primeiro passo na sintese de
prostaglandinas incluindo o proagregatorio tromboxano A2. A ativacao
plaquetéaria pode ser vista como resultado de uma mudanca na conformacao
plaquetéria, de disco para esfera com subsequente formacdo de pseuddpodes
seguido pelo aumento do contato com outras plaquetas. Isto pode ser facilitado
pelo aumento na concentragcdo do calcio intracelular, o qual é, também,
necessario para acao de outras enzimas. Finalmente a ativacao resulta em um

aumento na secrecao de granulos e agregacao plaquetéaria (Bhatt, 2008).

1.6.2.3 Secrecao Plaquetaria

As plaquetas contém dois tipos de granulos no seu interior, os granulos
a e os corpos densos. Os primeiros contém proteinas especificas plaquetarias,
por exemplo, fator de crescimento derivado das plaquetas, trombospondinas,
fator V e proteina S entre outros. Os corpos densos contém adeninas nao
metabdlicas (ADP, GTP) assim como cations divalentes Mg %" , Ca *' e

serotonina. A secrecdo promove a formacdo do tampdo plaquetario por

aumento da producao de plaqguetas adicionais (Bhatt, 2008).

1.6.2.4 Agregacédo Plaquetéria

Seguindo a ativacdo plaquetaria, o receptor de glicoproteina GPIIb/Illa

ocasiona a mudanca de conformacgéo plaquetéria, aumentando sua capacidade
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de ligar-se ao fibrinogénio, o qual leva a formacdo de multiplas ligacdes
estaveis entre plaguetas adjacentes. Como muitos dos estimulos pro-
agregatorios (por exemplo, ADP e Tromboxane A;) estdo também envolvidos
na ativacao plaquetaria, ocorre um efeito feedback positivo e uma acumulacéo

rapida de plaquetas no sitio da injaria (Bhatt, 2008).

Adesdo
Fator de von . e e Receptor GPIb
Willebrand P CUASN
=03 9,
R TITTIEIE— S =
Endotélio Matriz subendotelial exposta
Liberagao
GTP/GDP Fibrinogénio
ATP/ADP Fibronectina
Serotonina VWF
s i
/f_‘_ ot ,‘/ ]
— < @3 e o g
DtV p oot AR O B ol
£ e %, o

Agregacao

Receptor { -
GPlib/llla .

\\
_/I';|
/

et
90N
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ST e =%0=, ) ADP
( O ‘ _° o/ :
I\.\ s %/ B o Trombina

GDP, guanosina 5'- difosfato; GTP, guanosina 5'- trifosfato
ADP, adenosina 5'- difosfato; ATP, adenosina 5 - trifosfato
vWF, Fator de von Willebrand

Figura 1. Papel desempenhado pelas plaquetas. (Bhatt, 2008).
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1.6.3 Coagulacdo Sanguinea

A formacdo do tampdo plaquetario é freqientemente referida como
hemostasia primaria, enquanto que a hemostasia secundaria envolve a
complexa interacdo de fatores de coagulacao, os quais formam filamentos de
fibrina usados para fortalecer o tampé&o plaquetario. A classica descricdo das
vias extrinsecas e intrinsecas tem sido largamente ignorada ja que nao se
correlaciona muito bem com o processo in vivo (Bombeli & Spahn, 2004; Curry
& Pierce, 2007).

Contudo, este conceito permanece Util para o entendimento da acao de
anticoagulantes e dos estudos da cascata da coagulacdo. Desta maneira,
pode-se dividir o processo de coagulacdo nas seguintes etapas: Iniciacao,
Amplificacdo, Propagacdo e Estabilizacdo (Bombeli & Spahn, 2004; Curry &

Pierce, 2007) (Figura 2).
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Iniciagéo:

Dano celular com liberacéo
de Fator tecidual (TF)

Fl:  Fibrinogénio
Fil:  Protrombina
Flil:  Fator tecidual

FIV:  jons Calcio
PV pré-acelerina
FVIl:  Pré-convertina

FVIiI: Fator antihemofilico
FIX:  Fator Christmas
FX:  Fator Stuart

FXI: Tromboplastina plasmatica

IX IXa FXil: Fator de Hageman
FXIll: Fator Estabilizador da

fibrina

Amplificacéo e propagacéo:

Plaqueta
@ ativada
Plaqueta

g /
Flla > Villa

o Fibrinogénio =~ ————  Fibrina FXilla
a }
‘ FVila J_(_ X — IXa J = l Amplificacéo l 1 Coagulo estavel ’

Figura 2. Mecanismo da Cascata da coagulagéo.

(Bombeli & Spahn, 2004; Curry & Pierce, 2007).

1.7 Hemostasia na gestacao

O processo de hemostasia € o equilibrio dindmico entre a coagulacao e
0 sistema de degradacgdo da fibrina. A gravidez normal esta associada com
enormes mudancas na hemostasia. Estas mudancgas no processo gestacional
parecem fazer parte de uma adaptacao fisioldgica a qual assegura um rapido
controle do sangramento no sitio placentario durante a expansao placentaria,
enquanto permite a expansdo da circulacdo fetal e materna na interface

uteroplacentéria durante o processo gestacional (O’Riordan & Higgins, 2003).
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Por isso, durante a gravidez, os riscos de sangramento e complicacdes
tromboembdlicas estdo aumentados. A unidade Utero-placenta é Unica e a mais
importante funcéo € estabelecer o contato entre a circulacdo materna e a fetal,
a qual € uma exigéncia para a sobrevivéncia do feto. A fronteira entre a
circulacdo materna e a fetal permite a troca de gases como oxigénio e CO; e,
também, de nutrientes importantes para o feto. Qualquer sangramento e
eventos trombdticos podem interromper esta importante funcdo, portanto,
diversos sistemas estdo envolvidos no reparo da circulagdo Utero-placentaria
(Sheppard & Bonnar, 1999).

A separacdo placentaria representa uma profunda mudanca local da
hemostasia. O processo ocorre rapidamente, e o fluxo sanguineo maternal de
aproximadamente 700 mL/minuto no sitio placentario tem de ser estancado por
efeitos combinados da compressdo extravascular do miométrio e ocluséao
trombadtica dos vasos maternos (O’Riordan & Higgins, 2003).

Portanto, as mulheres gravidas tém um aumento da reserva de fatores
precursores da coagulacdo sanguinea e fibrinogénio para uso na coneccao
com a ativacdo da hemostasia naquela ocasido. As contracdes do miomeétrio
inicialmente param o0 sangramento e 0S mecanismos hemostaticos
interrompem o fluxo sanguineo através da producdo de coagulos nos vasos
sanguineos, o0s quais limitam o sangramento quando as contragcdes miometriais
subsequentemente diminuem e cessam (Hellgren, 2003). A ativacdo do
sistema de coagulagéo na circulacdo uteroplacentaria predispde a formacéo de
fibrina anormal neste local. Como consequiéncia, a trombose uteroplacentaria
excessiva torna-se uma patologia importante de diversas complicacdes clinicas

da gravidez. (O’'Riordan & Higgins, 2003).
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Apesar de muitos avancos terem sido feitos na medicina reprodutiva
durante o ultimo quarto de século, dentre as complicacdes o aborto recorrente
permanece sendo a mais comum da gravidez e esta patologia €
tradicionalmente definida como 3 ou mais perdas consecutivas antes da 202
semana pos-menstruacao (Bricker & Farquharson, 2002).

Existem hipoteses historicas de que o aborto recorrente afeta apenas
mulheres que ja possuem estados protromboticos antes da gravidez, mas
evidéncias tém sido acumuladas ao longo dos anos que alguns casos de
aborto recorrente séo resultado de respostas hemostaticas como demonstrado
por estudos de trombose placentaria (Van Horn et al.,, 2004), complexos
trombina-antitrombina (Vincent et al.,, 1998) e microparticulas circulantes
(Laude et al., 2001).

Dentro deste contexo, pode-se dizer que as plaguetas com seus agentes
autocrinos ADP e ATP liberados dos granulos densos plaquetarios
desempenham um papel chave na formacéo do trombo induzido pelo colageno.
Elas possuem dois receptores para ATP P2Y; e P2Y1, e um receptor para ADP
P2X;. Este ultimo medeia o aumento de calcio intracelular o qual leva a
mudanca de forma plaquetaria e contribui para a ativacado plaquetaria por
outros agonistas. O receptor P2Y; sinaliza via Gga e causa mobilizacdo de
calcio via fosfolipase C, levando a mudanca de forma plaquetéria, liberagcédo de
tromboxano A2 e agregacao inicial (Cauwenberghs et al., 2006). Desta maneira
torna-se importante a hidrolise destes nucleotideos através das enzimas

nucleotidases como uma forma de controle desta formacgéo de trombos.
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1.8 Sistema Purinérgico

A hipotese de um sistema de sinalizagcdo purinérgica, usando
nucleotideos e nucleosideos extracelulares como mediadores, foi
primeiramente proposto a mais de trés décadas em estudos de
neurotransmissao (Burnstock, 1972).

Subsequentes trabalhos comecaram a detalhar como o0s nucleotideos
extracelulares poderiam ser mensageiros modulando sistemas enddcrinos e
exocrinos, 0s mecanismos vasculares e hemostéaticos, os musculoesqueléticos

e das células imunes e inflamatorias (Burnstock & Knight, 2004).

1.8.1 Nucleotideos e Nucleosideos como moléculas si nalizadoras

Os nucleosideos sdo glicosilaminas que surgem pela ligacdo de uma
nucleobase (purina ou pirimidina) a um acucar pentose. Como exemplos destas
moléculas podem-se citar citidina, uridina, adenosina, guanosina, timidina e
inosina. Estes nucleosideos sao fosforilados por quinases especificas da célula
e produziram os nucleotideos. Estes nucleotideos desempenham importantes
fungcbes no transporte e transformagcdo de energia celular (nucleosideos
trifosfatados como ATP s&o produtos finais ricos em energia da maioria das
vias de liberacdo energéticas bioquimicas) e sdo tipicamente associados na
regulacao de enzimas e como mensageiros intracelulares. Eles sé&o liberados
de diversas células vasculares e sanguineas como, por exemplo, os eritrgcitos,

plaguetas, leucdcitos e células endoteliais (Atkinson et al., 2006).
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O ATP presente nos compartimentos extracelulares € responsavel pela
regulacdo de uma multiplicidade de processos biolégicos, como a
neurotransmissao, a funcéo cardiaca, o metabolismo 6sseo, o metabolismo do
glicogénio hepatico e a inflamacéo (Hoebertz et al., 2003).

Os nucleosideos difosfatados e trifosfatados como o ADP e o ATP,
juntamente com a adenosina, sdo bem conhecidos por controlar a resposta
vascular a injaria endotelial. O ADP é o0 mais importante promotor da
agregacao plaquetaria, enquanto que a adenosina € um potente inibidor deste
processo. O ATP é importante no transporte de cloretos, na vasodilatacdo, na
contracdo muscular, na funcao renal e nas doencas de cartilagem (Schetinger
et al., 2007).

O ATP em baixas concentracfes aumenta a quantidade de colageno,
tromboxano A2 e trombina favorecendo desta maneira a agregacao plaquetéaria
(Soslau & Youngprapakorn, 1997). Este mesmo nucleotideo em altas
concentracbes € inibidor da agregacdo plaquetaria causada pelo ADP,
provavelmente devido ao ATP ser hidrolizado a adenosina, a qual é inibidora
da atividade plaquetaria (Birk et al., 2002). A adenosina por sua vez € um
produto metabdlico da degradacdo de nucleotideos de adenina e desempenha
funcdes que irdo depender do tipo de receptor em cada tecido e da origem do

dano (Borowiec et al, 2006) (figura 3).



24

CASCATA PURINERGICA
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1 F ., 1-NTPDase
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2-NPP
ADF C 3 - §-nucleotidase
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! 4 = Adenosine deaminase

5=PNP

& = Xanthine oxidase

7 = Superoxide Dismutase
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X
=
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INOSINA ASL HIPOXANTINA AGL’ KANTINA AGL' ACIDO URICO

Figura 3. Esquema da cascata purinérgica.

1.8.2 Receptores purinérgicos

Os efeitos dos nucleotideos extracelulares sdo mediados por receptores
de superficie celular seletivos para nucleotideos pertencentes a duas familias
distintas estruturalmente de receptores P2: P2X e P2Y. Os receptores P2X séo
acoplados a canais de ions e compreendem 7 subtipos (P2X;.7). Os receptores
P2Y sao receptores acoplados a proteina-G e compreendem 14 subtipos (P2Y;.
14). (Yegutkin, 2008).

Os receptores para adenosina por sua vez, compreendem 4 subtipos de

receptores P1 nomeados de Al, A2A, A2B e A3. Todos os receptores P1 de
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adenosina sao proteinas transmembrana acopladas a proteina-G (figura 3)

(Burnstock, 2006).

TR »—> ADP »> AP > Ao

Figura 4. Receptores P1 e P2 para nucleotideos e nucleosideos

(Yegutkin, 2008)

1.8.3 Enzimas que degradam nucleotideos e nucleosid eos de adenina

O controle dos niveis de nucleotideos € importante na manutencéo da
fisiologia dos processos de sinalizacdo mediados pelos nucleotideos. Este
controle é exercido por uma familia de enzimas que hidrolizam os nucleotideos
e consequentemente geram seus respectivos metabolitos (Borowiec et al.,
2006). Estas enzimas incluem as E-NTPDases (Ecto-Nucleosideo Trifosfato

Difosfoidrolase), a familia das E-NPPs (Ecto-Nucleotideo Pirofosfatase
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Fosfodiesterase), 5'-nucleotidase, Adenosina Deaminase e PNP (Purina

Nucleosideo Fosforilase) (Yegutkin, 2008) (Figura 4).

@ 3 4 5
ATP ADP AMP — Ade = Ino — Hyp

1. E-NPP ATP - AMP + PP;

2. E-NTPDase ATP - ADP + P;; ADP - AMP + P;
3. Ecto-5-nucleotidase AMP - adenosine + P;

4. Adenosine deaminase Adenosine -+ Inosine

5. PNP Inosine = hypoxanthine

Figura 5. Enzimas envolvidas na degradacdo de nucleotideos e nucleosideos

(adaptado de Yegutkin, 2008).

1.8.3.1 E-NTPDases e 5 - nucleotidase

Estas ectoenzimas sao capazes de degradar nucleotideos tri e
difosfatados, mas ndo monofosfatados. Existem oito tipos de enzimas desta
familia nomeados NTPDase 1, 2, 3 e 8 localizados na superficie celular e

NTPDase 4, 5, 6 e 7 de localizac&o intracelular (Figura 5) (Robson et al., 2006).
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Figura 6. Localizacdo dos membros da familia NTPDase ( adaptado deRobson

et al., 2006).

As taxas de hidrdlise de nucleotideos diferem entre ambos os subtipos
de enzimas da familia NTPDase. A NTPDase 1 hidroliza ATP e ADP de forma
quase equivalente a uma taxa molecular de aproximadamente 1:0,5 a 1:0,9
(Heine et al., 1999), e estd ancorada a membrana via dois dominios
transmembrana que sdo importantes para a manutencao da atividade catalitica
e especificidade ao substrato (Grinthal & Guidotti, 2006)

Essa enzima € expressa também nas células endoteliais vasculares
(Sevigny et al., 2002), e possui propriedades antitrombéticas preservando
desta maneira a permeabilidade vascular (Pinsky et al., 2002). Ela converte o

ADP pro-agregatorio em adenosina anti-agregatoério. Além disso, as formas de
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NTPDase 1 sollveis e recombinantes blogueiam a agregacdo plaquetaria in
vitro induzida pelo ADP, e inibem a reatividade plaquetaria induzida pelo
colageno (Zimmermann, 2001).

Posteriormente, a hidrolise do ATP e ADP em adenosina monofosfato
(AMP) pela NTPDasel tem-se a acdo da ecto-5-nucleotidase, a qual, hidroliza
o AMP em adenosina que € um modulador do ténus vascular e um inibidor da
agregacao plaquetaria (Kawashima et al., 2000).

Esta enzima esta ancorada na membrana plasmatica via glicosil
fosfatidilinositol (GPI), onde é conhecida como proteina de superficie do
linfécito (CD73), sendo um marcador de superficie dos linfocitos T e B. A
enzima catalisa a fase final da degradacao de nucleotideos extracelulares, ou
seja, a hidrdlise do nucleosideo 5-monofosfato ao seu respectivo nucleosideo
e fosfato. E a principal enzima responsavel pela formacdo de adenosina
extracelular e a subsequente ativacao de receptores de adenosina (P1). Ocorre
na forma de dimero e seu peso molecular esta na faixa de 62 a 74 kDa
(Zimmermann, 1999).

A ecto-5"-nucleotidase € amplamente encontrada em uma variedade de
tecidos como rins, figado, encéfalo, pulméo, endotélio vascular, plaguetas e
nas células do sistema imune (Colgan, 2006). A atividade das enzimas
NTPDase 1 e ecto-5'-nucleotidase tem sido investigada em varias patologias
como diabetes, cancer de mama e infeccdo pelo HIV (Lunkes et al., 2003;

Araujo et al., 2005; Leal et al., 2005) entre outras.
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1.8.3.2 Ecto-Nucleotideo Pirofosfatase Fosfodiester ase (E-NPPs)

A familia E-NPP consiste de 7 ectoenzimas (NPP1-NPP7) numeradas
de acordo com a ordem de descoberta. Os membros desta familia possuem
surpreendente especificidade pelo substrato e sdo capazes de hidrolizar
ligacdes fosfodiéster e pirofosfato em nucleotideos, acidos nucléicos, agucares
de nucleotideos e, também, em ésteres de fosfato de colina e lisofosfolipidios
(Stefan et al., 2005).

Somente trés membros desta familia (NPP1-NPP3) sdo capazes de
hidrolizar varios nucleotideos e, portanto, sdo relevantes no contexto da
cascata de sinalizacdo purinérgica (Goding et al., 2003). Estas enzimas
representam uma familia de proteinas conservadas e ubiquas que sé&o ou
expressas como ectoenzimas ou como proteinas secretadas. Como resultado
seu sitio catalitico € extracelular e elas sdo denominadas ecto-NPPs (Gijsbers
et al., 2001).

Com excecdo a NPP-2, que é secretada no meio extracelular, todos os
demais membros sdo ligados a membrana por um Udnico dominio
transmembrana do tipo Il, com sua por¢cdo aminoterminal voltada para o meio
intracelular, enquanto que as NPPs 4-7 tém uma orientacdo do tipo | com sua
porcdo aminoterminal voltada para o meio extracelular (figura 5) (Stefan et al,
2006).

As E-NPPs sdo frequentemente alteradas em situacdes patologicas
onde sua atividade pode se tornar, juntamente com outros exames clinicos e

biolégicos, uma ferramenta (til para avaliar a progressdo de doencas. Tal
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atividade tem sido encontrada aumentada em gravidas normais, em alguns

tipos de cancer e doencas colestaticas do figado (Maldonado, 2008).

lznenzima Orientacde
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nucleass

Figura 7. Estrutura das enzimas da familia E-NPP (adaptado de Stefan, 2005)

1.8.3.3 Adenosina Desaminase

E uma importante enzima da cadeia de inativacdo de purinas, a qual
cataliza a reacdo de desaminacéo irreversivel de adenosina a inosina e 2'-
deoxiadenosina a 2°-deoxiinosina, respectivamente, e é largamente expressa
no intestino, timo, baco e outros tecidos linféides e nédo linféides (Spychala,
2000). Esta enzima existe em pelo menos trés isoformas moleculares, ADAL,
ADA2 e ADAl1l e ADA complexada a proteina (Galanti et al, 1981). A

homeostase destas isoformas e a atividade das enzimas ADAl1 e ADA2 em
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células humanas sédo de extrema importancia na manutencdo do equilibrio
entre adenosina e 2’-deoxiadenosina em mondécitos e macréfagos (Gakis,
1996).

Ela € uma enzima essencial para a diferenciacdo de células linféides e
tem sido utilizada para o monitoramento de diversas doencas nas quais a
imunidade do paciente estda alterada (Martinez-Hernandez, 1988). Como
indicador de alteracdo da imunidade celular, tem-se medido a atividade desta
enzima no soro ja que a mesma esta aumentada em doencas que causam
alteracdo da resposta imune mediada por células, como por exemplo, na artrite
reumatoide, no lupus eritematoso sistémico e na tuberculose (Hitoglou et al,

2001; Moon et al, 2005).

1.9 Estresse oxidativo

1.9.1 Definicdo de Radicais livres e Antioxidantes

Um radical livre é qualquer espécie quimica capaz de existéncia
independente que contém um ou mais elétrons nédo pareados. Um elétron ndo
pareado € um elétron que ocupa um orbital atbmico ou molecular por si sé
(Halliwell & Gutteridge, 2006).

Enquanto alguns deles podem ser altamente reativos no organismo
atacando lipidios, proteinas e DNA, outros sao reativos apenas com os lipidios.
Existem ainda alguns que sd@o pouco reativos, mas apesar disso podem gerar

espécies danosas. Esses radicais livres cujo elétron desemparelhado encontra-
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se centrado nos atomos de oxigénio ou nitrogénio sdo denominados espécies
radicalares de oxigénio (ERO) ou espécies radicalares de nitrogénio (ERN)
danosas. As principais ERO distribuem-se em dois grupos, os radicalares:
hidroxila (HOs), superéxido (O2 «-), peroxila (ROQe) e alcoxila (RO¢) e 0s néo-
radicalares: oxigénio, peroxido de hidrogénio e acido hipocloroso. Dentre as
ERN incluem-se o oOxido nitrico (NOe), 6xido nitroso (N2O3), acido nitroso
(HNOy), nitritos (NO, -), nitratos (NO3 —) e peroxinitritos (ONOO-) (Barreiros &
David, 2006).

No organismo, encontram-se envolvidos na producdo de energia, na
fagocitose, na regulacdo do crescimento celular, na sinalizacao intercelular e
na sintese de substancias biologicas importantes. No entanto, seu excesso
apresenta efeitos prejudiciais, tais como a peroxidacdo dos lipidios de
membrana e agressao as proteinas dos tecidos e das membranas, as enzimas,
carboidratos e DNA. Dessa forma, encontram-se relacionados com varias
patologias, tais como a artrite, o choque hemorragico, as doencas do coracéo,
a catarata, as disfunc¢des cognitivas, o cancer e AIDS, podendo ser a causa ou
o fator agravante do quadro geral (Barreiros & David, 2006).

O excesso de radicais livres no organismo é combatido por antioxidantes
produzidos pelo corpo ou absorvidos da dieta. O antioxidante €& qualquer
substancia que, quando presente em baixa concentragdo comparada a do
substrato oxidavel, regenera o substrato ou previne significativamente a
oxidac&do do mesmo (Halliwell, 2000).

Os antioxidantes produzidos pelo corpo agem enzimaticamente, a
exemplo da glutationa peroxidase (GPx), catalase (CAT) e superéxido

dismutase (SOD) ou, ndo enzimaticamente a exemplo de glutationa (GSH),
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peptideos de histidina, proteinas ligadas ao ferro (transferrina e ferritina), acido
diidrolipéico e ubiquinol (CoQHy (Barreiros & David, 2006). Além dos
antioxidantes produzidos pelo corpo, o organismo utiliza aqueles provenientes
da dieta como o a-tocoferol (vitamina- E), B-caroteno (pro-vitamina-A), acido
ascorbico (vitamina-C), e compostos fendlicos onde se destacam o0s
flavondides e poliflavonoides (Pietta, 2000).

Em condicdes fisiologicas existe um equilibrio entre a formacdo de
espécies reativas de oxigénio e a sua eliminagéo pelos antioxidantes corporais.
O estresse oxidativo ocorre quando este equilibrio é rompido e ocorre um
predominio de formas pro-oxidantes em detrimento das antioxidantes. Esta
situacao pode ocorrer devido a uma diminuicdo dos antioxidantes corporais ou

pelo aumento das espécies reativas de oxigénio (Barreiros & David, 2006).

1.9.2 Estresse oxidativo no processo gestacional

Existem estudos mostrando que ocorre um aumento do estresse oxidativo
durante o periodo gestacional, e o dano oxidativo torna-se mais exagerado se a
gestacdo for complicada por algum motivo, por exemplo, por uma desordem
hipertensiva (Hubel, 1999). As informacfes relacionando os niveis de estresse
oxidativo e o status antioxidante em mulheres com uma gravidez néao
complicada por nenhum tipo de agravante ainda séo escassas (Litle, 1999) e a
exata causa do aumento do estresse oxidativo durante a gravidez é
desconhecida. No entanto, evidéncias acumuladas sugerem que a placenta
desempenha um importante papel no aumento do estresse oxidativo durante o

processo gestacional (Burton & Jauniaux 2004).
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Outro fator que esta envolvido no estresse oxidativo na gravidez pode ser a
suplementacdo com ferro. Sabe-se que a deficiéncia de ferro € a mais comum
desordem nutricional do mundo, especialmente nos paises desenvolvidos.
Durante a gravidez, a suplementacdo com ferro é universal a partir do segundo
trimestre, sendo uma recomendacdo padrédo devido a alta prevaléncia de
anemia, pobre liberacdo da dieta e inabilidade de encontrar o aumento requerido
na gravidez. Portanto, o ferro em excesso, 0 qual € um participante ativo da
reacao de Fenton, resulta na producao de radicais livres e peroxidacao lipidica
(Gutteridge, 1996). Esta, por sua vez, encontrou-se aumentada em mulheres
que receberam suplementos com vitamina C e ferro diariamente quando
comparados com mulheres gravidas sem suplementacdo (Lachili et al., 2001).
Outros trabalhos evidenciaram que a suplementacdo com 100mg/dia ou uma
sobrecarga de ferro pode resultar no aumento dos niveis de MDA ou estresse
oxidativo no plasma materno e placenta durante a gravidez (Devrin et al., 2006).

Outra substancia em que ha um grande interesse é o 6xido nitrico, o qual &
aceito como um importante mediador de multiplas funcdes celulares inclusive
podendo participar da formac&o de radicais livres derivados de nitrogénio. Nas
células vivas o oxido nitrico é sintetizado a partir da L-arginina via acao catalitica
de uma familia de enzimas conhecidas como 6xido nitrico sintases (NOSS)
(Mayer & Hemmens, 1997).

Desta maneira, o o0xido nitrico gerado endégenamente é um radical livre
gasoso de curta meia-vida que reage com muitas substancias incluindo o
oxigénio molecular e anion superoxido formando derivados do Oxido nitrico,
como dioxido de nitrogénio, peroxinitrito e nitratos (Moncada et al, 1991). O

nitrato, quando em altas concentragdes na circulagéo, é resultado do aumento
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da producédo de oxido nitrico pelos tecidos maternos, a placenta ou ambos
(Baylis, 1999). O anion peroxinitrito (ONOQO") € um potente oxidante de uma
variedade de biomoléculas e é citotoxico uma vez que inibe o transporte de
elétrons mitocondrial resultando na inibicdo da respiracéo celular, oxidacdo dos
grupos sulfidril de proteinas, iniciacdo da peroxidacao lipidica sem a exigéncia
de metais de transicdo e afetando muitas vias de transducao de sinal (Myatt &

Cui, 2004).

2.0 Objetivos

2.1 Objetivo Geral

- Investigar a atividade de enzimas envolvidas na degradacdo de
nucleotideos, assim como alguns parametros de estresse oxidativo e a
agregacdo plaquetaria em gestantes normais e com complicacdes

gestacionais.

2.2 Objetivos Especificos

- Avaliar a atividade das enzimas NTPDase e 5 -nucleotidase em
plaguetas de gestantes normais e diagnosticadas com pré-eclampsia e
diabetes gestacional.

- Avaliar a atividade da enzima adenosina deaminase em soro de
gestantes normais e diagnosticadas com pré-eclampsia, diabetes gestacional e

portadoras de HIV.
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- Avaliar a agregacdo plaquetaria em gestantes normais e
diagnosticadas com pré-eclampsia, diabetes gestacional e portadoras de HIV.

- Avaliar a carbonilacdo protéica, peroxidacdo lipidica a atividade da
superéxido dismutase, catalase os niveis de acido ascoérbico, conteudo
sulfidrilico total e atividade das colinesterases (Acetilcolinesterase e
Butirilcolinesterase) em gestantes normais e diagnosticadas com pré-

eclampsia, diabetes gestacional e portadoras de HIV.

3. Metodologia e Resultados

Os resultados desta tese estdo sob a forma de dois manuscritos e um
artigo cientifico. Os itens materiais e métodos, resultados, discussdo e
referéncias bibliograficas encontram-se nos manuscritos e no artigo cientifico.

A carta de aprovacdo do comité de ética da Universidade Federal de
Santa Maria, o Termo de Consentimento Livre e Esclarecido e o Questionario
utilizado na captacédo das gestantes que permitiu a realizacdo do estudo estao

nos anexos |, Il e lll, respectivamente.
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Summary

Background : Platelet aggregation and adenosine deaminase activity were

examined of women with pregnancy complications.

Methods : The groups of the research were divided as follows: a control group
(n=15), a normal pregnancy (n=15), a hypertensive pregnancy (n=7), a
gestational mellitus diabetes (n=10) and a human immunodeficiency virus
(n=12) group. The activity of the enzyme was verified for colorimetric method

and the platelet aggregation was checked for an optical aggregometer.

Results:  The percentage of platelet aggregation with 5 pM of agonist
adenosine diphosphate was enhanced in the normal pregnancy, hypertensive
pregnancy, gestational mellitus diabetes and in human immunodeficiency virus
groups when compared to the control group and with 10 pM of the same
agonist was enhanced in the hypertensive pregnancy, gestational mellitus
diabetes and human immunodeficiency virus groups when compared to the
control group. Adenosine deaminase activity was enhanced in the normal
pregnancy, hypertensive pregnancy, gestational mellitus diabetes and human

immunodeficiency virus groups when compared to the control group.

Conclusions : The increased of platelet aggregation and adenosine deaminase
activity indicates that they may act together to help local hemostasis and some

inflammatory process in that pregnancy complications.

Keywords: Adenosine deaminase; platelet aggregation; pregnancy

complications.
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Introduction

Since 1929 it has been recognized, in animal studies, that the endogenous
purine nucleoside, adenosine, can act as an extracellular signaling molecule,
affecting heart rate, blood pressure, and coronary blood flow. [1] Continuous
research on the metabolism and effects of adenosine has led to the concept
that adenosine formation increases rapidly in situations of impending tissue
danger, such as during ischemia, and that subsequent adenosine receptor
stimulation induces a wide range of effects, aimed at protecting the stressed
tissue [2].

Pharmacological studies and recent insights from genetically modified mice
have indicated that adenosine acts not only as a neuroprotective agent in
situations of an imbalance between energy supply and energy demand, but is
also involved in basal physiological functions, in particular in the nervous and
cardiovascular systems. The wide variety of adenosine actions and the
potential of adenosine receptors as targets for therapeutic agents to treat
human diseases have been the topic of recent extensive reviews [3].
Adenosine is produced or degraded by several enzymes, including 5'-
nucleotidase, ADA, and AK [4]. In the present study was investigated the
adenosine deaminase (E.C.3.5.4.4) which is an enzyme present in a great
number of plants and animals, from simple invertebrates to human beings. This
important enzyme catalyzes the deamination of adenosine and

deoxyadenosine into their respective inosine nucleosides [5].
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This conversion is an initial step in a series of reactions responsible for
lymphocyte proliferation and differentiation. Moreover, ADA is considered an
indicator of cellular immunity and fundamental for the differentiation of
lymphocytes [6]. In humans, the lack of this enzyme results in severe
lymphopenia and immunodeficiency, denoting the risk of early death for the
affected individuals [7]. This enzyme is found in several human diseases,
lymphocytic effusions, including those consequent of tuberculosis, neoplasms
and some acute viral infections, suggesting that high ADA activity is indirectly
related to subsets of T cell lymphocytes involved in the inflammatory response
[8].

ADA has been accepted as an important enzyme in the maturation and function
of T lymphocytes. Its activity increases substantially during mitogenic and
antigenic responses of lymphocytes, and conversely, lymphocyte blastogenesis
is inhibited by ADA inhibitors. It is, therefore, known that ADA activity is higher
in T cells than B lymphocytes. As an indicator of cellular immunity, plasma
activity of this enzyme has been suggested to be increased in inflammatory
diseases, which causes a cell-mediated immune response [9]. In recent years,
there have been several reports on increased levels of serum/plasma ADA
activity among HIV-infected individuals [10].

Human ADA exists in at least three molecular isoforms, ADA1, ADA2 and ADA,
and in an ADA-complexing protein [11]. While ADA1 is present in almost all
human tissues and cells, and most of ADA activity is derived from ADA1, ADA2
is the predominant isoenzyme in the serum of normal subjects [12]. Normal
pregnancy is characterized by depressed cell-mediated immunity [13] and,

therefore, serum ADA activity may be altered. In normal pregnancy, only a few
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studies have reported serum ADA activity as increased [14] or decreased [15],
making important the study this enzyme in some problems related to
pregnancies.

Another focus of this study is platelet aggregation, which plays a very important
role in hemostasis and thrombosis. The subendothelial tissue exposed
following endothelial damage is pivotal for platelets to collect at the damage
area. The binding of von Willebrand factor (vWF) to the glycoprotein (GP) Ib-I1X-
V receptors on the platelet surface facilitates the adherence of platelets on the
damaged vascular region. Platelets change their shape, secrete the contents of
their granules and synthesized substances such as thromboxane A2 (TxA2)
and platelet-activating factor (PAF), and form aggregates under the effect of
stimulating substances such as collagen (Col), adenosine diphosphate (ADP),
epinephrine (Epi), thrombin and serotonin. Platelet aggregation is a fibrinogen-
dependent intercellular adhesion process as a result of the activation of
fibrinogen receptors in the cell membrane [16].

At sites of endothelial layer damage, platelets adhere rapidly to the traumatized
exposed subendothelium, thereby confirming the role of the endothelium in
thromboregulation [17]. Platelet adhesion is regarded as the trigger for
hemostasis and thrombosis. Clinical evidence has shown the existence of at
least three major thromboregulatory mecanisms associated with the vascular
endothelium. These mechanisms involve the endothelial release of
endothelium-derived relaxing factor (EDRF), nitric oxide (NO),
ectonucleotidases, and eicosanoids [18].

Venous thromboembolism, pre-eclampsia and pregnancy loss are nowadays

the most frequent pregnancy complications. Heritable prothrombotic factors



43

lead to an increased risk of thromboembolism and may significantly impair the
outcome of pregnancy and play a considerable role in the pathogenesis of
spontaneous abortions. Recurrent abortion involves more than 500.000 women
in the United States per year [19].

Within the past ten years interest in correlations between thrombophilia and
pregnancy complications has remarkably increased. Thrombophilia is present
in at least 15% of the Western population and is found in up to 50% of
individuals with venous thromboembolism. It apparently plays a critical role in
the development of pregnancy related deep vein thrombosis and pulmonary
embolism. Thrombotic processes may also be involved in other serious
obstetric complications, such as recurrent pregnancy loss, pre-eclampsia,
intrauterine growth retardation (IUGR) and placental abruption by impairment of
placental perfusion. Pregnancy itself induces a physiological hypercoagulable
state that might be aggravated by inherited or acquired thrombophilia [20].
Therefore the objective of this study was to investigate any possible link
between either ADA activity or platelet aggregation and pregnancy

complications.

Materials and methods

Materials

Adenosine nucleoside, sodium phosphate buffer, was purchased from Sigma
(St. Louis, Mo, USA). All other reagents used in the experiments were of

analytical grade our and of the highest purity.



Patients and controls

Fifty-nine women from the Federal University of Santa Maria Hospital (UFSM,
Santa Maria, RS, Brazil) were included in the study. None of these women had
a history of inherited hemostatic disorders or other relevant disease states.
Women with unfavorable outcome of pregnancy were excluded from this
investigation. Each group were carefully selected by a clinical evaluation and
separated in five patient groups with an average age among the groups of

36.37 (£ 0.7122, SEM) years (table 1).

The control group (CG), consisted of 15 nonpregnant healthy volunteers
women who did not present any disease and had not been submitted to any
pharmacological therapy during the previous month. The second group, normal
pregnancy (NP), consisted of 15 pregnant women (singlet pregnancy), with
diastolic blood pressure < 85 mmHg and with no proteinuria. The third group,
hipertensive pregnancy (HP), consisted of 7 pregnant women and were
considered as preeclamptic condition if they developed hypertension during
pregnancy: systolic blood pressure = 140 mmHg and diastolic pressure = 90
mmHg in two occasions (table 1) and proteinuria defined as > 0.3 g of protein in

24 h urine collection or = 1+ on the urine dipstick test.

The fourth group, gestational mellitus diabetes (GMD), consisted of 10
pregnant women presenting an abnormal glucose challenge test (GCT) result
(> 7.8 mmol/L [>140 mg/dL]) as well as a change of the abnormal glucose oral
tolerance test (OGTT). Women were diagnosed with GDM if two or more of the
100 gram OGTT glucose levels exceeded the ADA criteria [21]: fasting > 5.3

mmol/L; 1-hour > 10.0 mmol/L; 2-hour >8.6 mmol/L; 3 hour > 7.8 mmol/L.
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The fifth group which presented human immunodeficiency virus (HIV)
consisted of 12 pregnant women considered infected with HIV-1 when two
different serum samples were found to be positive for HIV-1 antibodies by
ELISA and confirmed by Western blot. The all HIV-1 infected patients were
previously treated with antiretroviral drugs. The Human Ethics Committee of

UFSM approved the project 86-2006 and subjects gave informed consent.

Blood samples

Fifteen milliliters of peripheral blood was collected by venous puncture from
ante-cubital region into a one plastic tube containing anticoagulant K3.EDTA
5% and other two plastic tubes with sodium citrate 3.2% and without
anticoagulant. The samples obtained from each participant were used for
platelet-rich plasma and platelet-poor plasma preparations and biochemical and
hematological determinations. Blood samples from the pregnant women were

obtained from the gestational third trimester.

Platelet aggregation ex vivo

Platelet aggregation was measured by the method of Born and Cross [22] by
turbidimetric measurement with a Chrono-log optical aggregometer, with
AGGRO/LINK® Model 810-CA software for Windows version 5.1. The
preparation of platelet rich plasma (PRP) was obtained by centrifugation of
blood for 20 min at 1000 rpm and the preparation of platelet poor plasma (PPP)
was obtained by centrifugation of the sample by 3700 rpm for 30 minutes. After

calibration of the aggregometer, the patient's data concerning the assays and
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reagents were entered on a computer coupled to the equipment, and the
patient's test was then performed. Aggregation was measured at 37C and
expressed as the maximal percent change in light transmittance from baseline
at 5 min after the addition of the agonist adenosine diphosphate (ADP) 10 uM

and 5 uM, with platelet poor plasma as a reference.

Enzyme assay

Serum adenosine deaminase activities were estimated by the method of Guisti
and Galanti [23] which is based on the direct measurement of the formation of
ammonia, produced when adenosine deaminase acts in excess of adenosine.
The serum (50 pL) was added to the reaction mixture containing 50 mM sodium
phosphate buffer (pH 6.5). The samples were pre-incubated for 15 minute at
37°. The reaction was started by addition of the substrate (adenosine) to a final
concentration of 21 mM and incubations were carried out for 1 h at 37°. The
reaction was stopped by adding 106 mM/0.16mM phenol-nitroprusside/mL
solution. The reaction mixtures were immediately mixed to 125 mM/11 mM
alkaline-hypochlorite (sodium hypochlorite) and vortexed. Ammonium sulphate
of 75 UM was used as ammonium standard. The lower concentrations in which
adenosine deaminase activity reached a maximum level of activity were chosen
for experimental exposure. Protein determination was measured by the method
of Peterson with bovine serum albumin used as a standard [24]. The values
were expressed as U/L of adenosine. All experiments were performed in

triplicate and mean was used for calculation.

Hematological and biochemical parameters
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Quantitative determinations of platelets were performed using an ABX MICROS
60 hematology analyzer (Sysmed Lab Inc. Chicago, USA). Prothrombin time
(PT) and activated partial thromboplastin time (aPTT) were determined with a
Coag-a-mate-MTX apparatus (Organon Teknica, Durham. NC, USA). The
blood glucose measurements used the Cobas Integra Systems (Roche

Diagnostics).

Statistical analysis
Data were analyzed by one-way analysis of variance (ANOVA), followed by the
nonparametric Kruskal-Wallis test, considering a level of significance of 5%.

Values of P< 0.05 were regarded as statistically significant.

Results

Platelet aggregation ex vivo

Platelet function was assessed by monitoring platelet aggregation in response
to stimulation by adenosine diphosphate (ADP). The results obtained for

percentage of platelet aggregation are presented in figures 1, 3, 4 and table 3.

Figure 3 shows the percentage of platelet aggregation at a concentration of 5
MM of ADP as agonist. Percentage of platelet aggregation at 5 yM of ADP as
agonist was enhanced in the NP (79.4 + 1.52, SEM), HP (82.4 + 1.93, SEM),
GMD (85.9 + 2.25, SEM) and HIV (81.3 + 2.81, SEM) pregnancy groups (p <

0.05) when compared to the CG group (70.2 £ 1.52, SEM). No significant



48

differences (p > 0.05) for percentage of platelet aggregation with 5 yM of ADP
as agonist were observed between the pregnancy groups (NP, HP, GDM and

HIV).

Figure 4 shows the percentage of platelet aggregation at a concentration of 10
MM of ADP as agonist. Percentage of platelet aggregation with 10 uM of ADP
as agonist was enhanced in the HP (90.4 = 1.91, SEM), GMD (93.2 + 2.93,
SEM) and HIV (90.4 + 2.31, SEM) pregnancy groups (p < 0.05) when
compared to the CG group (79.6 £ 1.25, SEM). No significant differences (p >
0.05) for the percentage of platelet aggregation with 10 uM of ADP as agonist
were observed between the NP group (83.0 + 1.364, SEM) and the CG group
(79.6 + 1.257, SEM). No significant differences (p > 0.05) for percentage of
platelet aggregation with 10 uM of ADP as agonist were observed between the

pregnancy groups (NP, HP, GDM and HIV).

Enzyme assay

The results obtained for serum ADA activity are presented in figure 2.
Adenosine deaminase activity was enhanced in the NP (18.2 £ 0.81, SEM), HP
(16.8 + 0.73, SEM) GMD (17.2 +0.64, SEM) and HIV (21.6 + 1.28, SEM) with

p < 0.05 when compared to the CG group (12.2 + 0.50, SEM).

Hematological and biochemical parameters

The NP, HP and HIV groups presented normal blood glucose levels and OGTT
whereas the GMD group presented elevated fasting blood glucose levels

(>140mg/dL) and glucose oral tolerance test (OGTT) (data not shown).
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Quantitative analysis demonstrated that platelet counts obtained from all
pregnant women were at normal levels (150 — 350 x 10° platelets/mm?).
Hematological determinations for Prothrombin Time (PT) showed lower activity
in the NP, HP and GMD groups in comparison to the CG group and the
activated partial thromboplastin time (PTTa) showed no significant differences

in the NP, HP, GMD and HIV groups (table 2).

Discussion and Conclusion

The present study was carried out to determine whether there is a relation
between either adenosine deaminase activities or platelet aggregation and
pregnancy either without complications or with complications such as
hypertension, gestational mellitus diabetes and HIV. Alterations in serum ADA
activity during pregnancy are likely to reflect, at least in part, changes in the
immunological status throughout normal pregnancy [25]. However, to our
current knowledge, there have been few reports providing reference values of
serum ADA activity throughout normal pregnancy [15].

Related studies [26] have measured serum activities of total ADA and ADA2 in
normal pregnant women in the third trimester and the values were lower than
those of non-pregnant women, while there was no difference in ADA1 activity.
These results suggest that reduced serum total ADA activity reflects decreased
ADA2 activity, which may be partly associated with depressed cell-mediated
immunity during normal pregnancy. There continues to be controversy in this

field as Suzuki et al. [27] have shown that there were no significant differences
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in the serum ADA levels between non-pregnant and pregnant women. In other
reports [14], researchers found that serum ADA in normal pregnant women was
significantly higher than that of non-pregnant women.

In addition, in pregnancies complicated by preeclampsia which is characterized
by enhanced cell-mediated immunity, ADA activities of the maternal serum
were increased [28]. Other centers have also suggested increased ADA activity
among HIV seropositive patients [10] but ambiguity persists with respect to the
diagnostic and prognostic significance of this parameter. Moreover, other
pathologies have been associated with altered ADA activity and further studies
are needed to completely elucidate the mode of action and mechanism, for
example, in gestational mellitus diabetes [29] and uterine cervix neoplasia [30].

In our study, ADA activity was increased in all groups of pregnancies women. In
the normal pregnancy group, where findings of several studies have been
controversial, we can suppose that the increase in the amount of erythrocytes,
in other words, a higher metabolic request by the pregnant women, verified at
the beginning of the third gestational period, was being responsible for a higher
release of erythrocytes and platelet adenosine in the circulatory system which
could be leading to vasodilation and an increase in the uterine and placental
bloodstream. In turn, ADA activity would be increased in order to degrade the
higher levels of adenosine found in that location and maintain local hemostasis
until labor.

At the group of HIV positive pregnant women, it can be inferred that increased
ADA activity was a result of cytotoxity from the antiretroviral therapy which the
patients were undergoing, since decreased enzymatic activity would be

expected as the patients present a permanent deficit in cell immunity. As
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demonstrated in other studies [31], increased levels of plasma ADA activity
among asymptomatic HIV seropositive patients and also the persistent
increased enzyme activity among subjects on antiretroviral therapy (ART),
appear to be a sensitive indicator of primary (viral) and secondary (bacterial)
infection and/or secondary to pharmacotherapy. Hence, subclinical cytotoxicity
from ART may also result in increased serum ADA activity.

In pregnants with gestational mellitus diabetes and hypertensive status where
the inflammatory process are raised due the pathology condition associated we
can suppose that the increase of the adenosine deaminase activity occurred for
degrade the excessive amount of adenosine found at the serum these
pregnants. This suggestion is based on the properties of adenosine as a tumor
facilitating agent, since this nucleoside causes induction of vasodilation,
neurovasculogenesis and the reduction of hypoxia and inflammation [32].

On the other hand the measurement of platelet activation in various platelet
disorders is increasingly popular because of recent advances in automated
blood cell counters [33]. In pre-eclampsia, platelets are more prone to adhering
to the endothelium and releasing alpha and dense-granule constituents.
Thromboxane A2 and serotonin are then released, contributing to platelet
aggregation and inducing the formation of fibrin to stabilize platelet thrombi
which may eventually occlude maternal blood flow to the placenta, leading to
placental infarction. The increased levels of circulating, platelet-derived
serotonin induce further platelet aggregation, and may also amplify the
vasoconstrictor action of certain neurohumoral mediators, thereby causing

direct contraction of vascular smooth muscle [34].
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The vascular complications also are the leading cause of morbidity and
mortality in diabetic patients. In these patients group the platelets have a key
function in thromboembolic complications. They express and secrete a wide
array of factors that affect intercellular interactions, adhesion, signaling events
in target cells, and trans-endothelial cell migration. Platelets are involved in the
pathogenesis of diabetic microangiopathy. Their membrane glycoprotein la/lla,
a2B1 integrin, serves as a platelet receptor for collagen and mediates platelet
primary adhesion to sub-endothelial tissues, which is an essential first step in
thrombus formation [35].

At that time with regard to platelet aggregation, the present findings show that
patients with pregnancy complications presented elevated procoagulant activity
at both concentrations used. We can suppose that this was due to a higher
platelet request during the chosen gestational period, which would lead to an
expressive increase in the number of reticulated platelets, which are
enzymatically and metabolically more active and are produced by the bone
marrow as a compensatory mechanism. It is also possible to presume that
hematologic alterations, such as osmotic variation and pH alteration, caused
platelet membrane alterations, thus releasing vasoactive amines, which would
promote increased platelet aggregation by stimulating their surface purinergic
receptors.

In relation to the HIV positive pregnant women, it can be suggested that the
hematologic disorder caused by antiretroviral therapy, more specifically
anemia, would be, at least in part, responsible for platelet reactivity, since there

are reports of a negative correlation between hematocrit and high platelet



53

reactivity. In other words, a low level of hematocrit causes a high aggregatory
platelet response [36].

With respect to synergic action of the adenosine deaminase and platelet
aggregation verified in these pregnants groups we can conclude that the
increased of this enzyme (ADA) with a consequent hydrolysis of adenosine
could be causing the increased of the platelet aggregation, since that
adenosine displays on important action in platelet aggregation inhibition [32].
Then the serum ADA activity and platelet aggregation may be markers of
pregnancy complications but the regulatory mechanisms which alter enzymatic

activity and platelet function in these pathologies need still further studies.
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Tables

Table 1 : Clinical characteristics of the different

59

pregnancy groups

Groups
NP HP GMD HIV

Age (years) 35.8+1.324 |38.42+1.251 [36.2 +1.855|35.16 +1.522
Gestational age 29.8+0.711 [29.71 £1.523 |28.7 +£1.044 |30.08 +0.792
(weeks/range)

Systolic blood pressun111 +2.895 |153.57 £3.891110.5+5.241112.5 +3.168
(mmHg)

Diastolic blood pressur 70.66 £2.175|95 + 1.543*** |71.5+ 2,693 [72.91 + 2.497
(mmHg)

n 15 7 10 12

Results are expressed as mean value £ S.E.M (n=44).

Data were analyzed statistically by one-way analysis of variance (ANOVA),

followed by the nonparametric Kruskal-Wallis test, considering a level of

significance of 5%.

(***) P <0, 001 for NP versus HP; P > 0, 05 for NP versus GMD and HIV.



60

Table 2 : Coagulation parameters in control group a nd the different

pregnancy groups

Groups
CG NP HP GMD HIV
PLT (103 239,7 £ 219 +7,28 213 £8,85 224 £ 8,60 209 + 7,58
/mm? 10,37 (135-257) (186-250) (170-259) (150-211)
(189-350)

PT 90.26 £0,95 76.13+2,06 73.14 73.20 = 85.66 +1,12

(82-96) (65-90) 0,91 %% 2,04%%+ (79-90)

(70-77) (65-85)

APTT 29,48+0,98 29,93+1,11 28,00+1,77 30,45+1,28 29,85+1,20

(25-40) (23-37) (23-35) (25-37) (25,3-40)
n 15 15 7 10 12

Results are expressed as mean value =+ S.E.M (n=59).

Data were analyzed statistically by one-way analysis of variance (ANOVA),
followed by the nonparametric Kruskal-Wallis test, considering a level of

significance of 5%.

(***) P <0, 001 for NP versus HP and GMD.

PT: Standard value was considered as 100% of actitity.
APTT: Standard value was 25 s.

PT and APTT reference values are used as parameters, for healthy people, at

the Federal University of Santa Maria Hospital.
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Table 3 : Platelet aggregation in different pregnan  cy groups.

ADP agonist concentration

5 uM 10 uM
CG (n = 15) 70.2 +1.52 79.6 +1.25
NP (n = 15) 79.4+152 83.0+1.36
HP (n = 7) 82.4 + 1.93% 90.4 + 1.91*
GMD (n = 85.9 + 2.25** 93.2 £ 2.93***
10)
HIV (n = 12) 81.3 £+ 2.81*** 90.4 + 2.31**

Results are expressed as mean value £ S.E.M (n=59).

Data were analyzed statistically by one-way analysis of variance (ANOVA),
followed by the nonparametric Kruskal-Wallis test, considering a level of
significance of 5%.

(*) P <0,05 for CG versus NP; (***) P < 0,001 for CG versus HP and HIV; ( **
) P < 0,01 for CG versus GMD for 5 uM of agonist; ( *) P < 0,05 for CG versus
HP; (***) P < 0,001 for CG versus GMD; ( **) P < 0,01 for CG versus HIV for
10 uM of agonist;
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Figures

Fig. 1. Representative aggregatory tracings of PRP. The x axis shows
the time of platelet aggregation and the y axis the percent light transmition.
PRP was mixed with 10uM of ADP agonists. Measurement 1 = PRP of Control
group; Measurement 2 = PRP of hypertensive pregnant.

Fig. 2. Box-whisker-plot of ADA activity in serum obtained from control
group (CG), normal pregnant (NP), pregnant with hypertension (HP), pregnant
with gestational mellitus diabetes (GMD) and pregnant HIV soropositive. Data
represent the mean value + standard error of mean of 59 individuals. ***P <
0,001 for CG versus NP and HIV; *P < 0,05 for CG versus HP; *P < 0,01 for

CG versus GMD.

Fig. 3. Box-whisker-plot of platelet aggregation with agonist ADP 5 pM
in serum obtained from control group (CG), normal pregnant (NP), pregnant
with hypertension (HP), pregnant with gestational mellitus diabetes (GMD) and
pregnant HIV soropositive. Data represent the mean value * standard error of
mean of 59 individuals. *P < 0,05 for CG versus NP; **P < 0,01 for CG versus

HP and HIV; **P < 0,001 for CG versus GMD.

Fig. 4. Box-whisker-plot of platelet aggregation with agonist ADP 10 yuM
in serum obtained from control group (CG), normal pregnant (NP), pregnant
with hypertension (HP), pregnant with gestational mellitus diabetes (GMD) and
pregnant HIV soropositive. Data represent the mean value * standard error of
mean of 59 individuals. P > 0,05 for CG versus NP; *P < 0,05 for CG versus

HP; ***P < 0,001 for CG versus GMD; **P < 0,01 for CG versus HIV.



63

Trace 1 Trace 2 Trace 3 Trace 4 Trace 1 Trace 2 Traces 3 Trace 4
o 100 (o] \ 100
10 \ 90 10 \ 90
20 \ 80 20 \ 80
30 70 30 p 70
40 \'4 60 40—} 60

g ol 2ol b

850 w’m 50 850 50

— —_

[ ui}

A 50 40 A 50 'l"‘r. 40
70 ﬂm% 30 70 MN 30
80 LTI 20 80 . T 20
90 10 90 Ml S DY 10

100 o 100 o)

1:00 2:00 3:00 4:00 5:00 1:00 2:00 3:00 4:00 5:00
Time (min:sec) Time (min:sec)
Measurement 1 Measurement 2

Fig. 1




* %%

\
HI'V

Hﬁ
\
GMD

|
H:)
Groups

_obs
\
NP

9Seu weap ausouspe Jo 7/ N

Fig. 2.



65

2]
L ——
| |

|
8 ¢ 8 8 ©

150
135 -
120
105 -
90
75

dav mowoJaw G yim (o) uarebsibby 139 1&d

HI

GMD

NP

CG

Groups

Fig. 3.



66

* %
g6
op
000
\

! L
8 B 8 & &8 48

120 [~
105 -

|
5 8

;MowoJaw 0T 4 av Yyim (%) uarebs by 139 rd

o

HI

GMD

NP

CG

G roups

Fig. 4.



67

Capitulo 2

Manuscrito I

Oxidative stress and antioxidants defenses in women with an

uncomplicated pregnancy

Claudio Alberto Martins Leal, Maria Rosa Chitolina Schetinger , Daniela
Bitencourt Rosa Leal , Vera Maria Morsch, Jodo Felipe Peres Rezer, André
Valle de Barrios, Jamile Fabbrin Goncgalves, Jeandre Augusto dos Santos

Jaques

Submetido a revista Redox and Report



68

Category of submission: research article

Oxidative stress and antioxidants defenses in women with an

uncomplicated pregnancy

Claudio Alberto Martins Leal®, Maria Rosa Chitolina Schetinger , Daniela
Bitencourt Rosa Leal® , Vera Maria Morsch®, Jodo Felipe Peres Rezer!, André
Valle de Barrios*, Jamile Fabbrin Gongalves®, Jeandre Augusto dos Santos

Jaques’

! Departamento de Quimica, Centro de Ciéncias Naturais e Exatas,
Universidade Federal de Santa Maria, Av. Roraima, 97105-900, Santa Maria,
RS, Brazil

> Departamento de Microbiologia e Parasitologia, Centro de Ciéncias da
Saude, Universidade Federal de Santa Maria, Av. Roraima, 97105-900, Santa
Maria, RS, Brazil

% Departamento de Bioquimica, Instituto de Ciéncias Bésicas da Salde,
Universidade Federal do Rio Grande do Sul, Rua Ramiro Barcellos, 2600-

Anexo, 90035-003, Porto Alegre, RS, Brazil

" Corresponding author:
Claudio A. M. Leal and Maria Rosa Chitolina Scheti  nger
Fax: + 55-5532-208031

E-mail: camleal@terra.com.br and mariaschetinger@gmail.com




69

Abstract

Oxidative stress is defined as an imbalance in the production of reactive
oxygen species and a change in antioxidant defenses. So the objective of this
work was to investigate oxidative stress and antioxidant capacity in women with
uncomplicated pregnancy. This study was performed in thirty-nine women with
uncomplicated pregnancy and was evaluated the oxidative status, antioxidant
capacity and cholinesterases activity in serum and whole blood. The results for
antioxidants demonstrated an increased for superoxide dismutase and catalase
activities with p < 0.05 and p < 0.01 and a decreased for ascorbic acid and total
content sulphydryl with p < 0.05 and p < 0.001, respectively. On the other hand
when the pro-oxidant system was verified we found an increased (p < 0.01) for
MDA and no significant change (p >0.05) for protein carbonylation. For
cholinesterases enzymes occurred an increase (p< 0.001) in
acetylcholinesterase and butyrylcholinesterase activities. This  study
demonstrated that there is a change of the pro-oxidant and also the antioxidant
defenses associated with body changes and circulatory inherent to pregnancy

process.

Keywords: oxidative stress, antioxidants, uncomplicated pregnancy, whole

blood, serum.

Introduction

The aerobic organism have antioxidant defense systems that dealing with

reactive oxygen species (ROS) produced as a consequence of aerobic
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respiration and substrate oxidation. Small amounts of ROS, including hydroxyl
radicals, superoxide anions and hydrogen peroxide, are constantly generated in
aerobic organisms in response to both external and internal stimuli*. They are
very transient species due to their high chemical reactivity that leads to lipid
peroxidation and oxidation of some enzymes, and a massive protein oxidation
and degradation?.

Regardless, they attack the phospholipids of cell membranes and
react with polyunsaturated fatty acids to form lipid peroxides resulting in cellular
injury. Reactive oxygen species have been proposed as a promoter of lipid
peroxidation and the endothelial cell dysfunction that is commonly associated
with disorders of pregnancy®. The prevention of lipid peroxidation is an
essential process in all the aerobic organisms, as lipid peroxidation products
can cause DNA damage. In turn the increased of lipid peroxidation and
decreased antioxidant protection frequently occurs, thus epoxides may
spontaneously react with nucleophilic centers in the cell and thereby covalently
bind to DNA, RNA and protein®.

Low levels of ROS are indispensable in many biochemical processes,
including intracellular messaging in the cell differentiation and cell progression
or the control of growth, apoptosis®, immunity and defense against micro-
organisms®. In contrast, high doses and/or inadequate removal of ROS result in
oxidative stress, which may cause severe metabolic malfunctions and damage
to biological macromolecules’.

We can define the oxidative stress (OS) as an imbalance in the
production of reactive oxygen species (ROS) and the ability of antioxidant

defenses to scavenge them. It can arise from increased production of ROS
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and/or a decrease in antioxidant capacity. These ROS are free radicals and
they induce cellular damage by acting on proteins and lipids.

Many studies have shown that there is increased oxidative stress
during pregnancy, and oxidative damage is exaggerated in pregnancy
complicated by disorders such as preeclampsia®. However, there is only
scattered information regarding baseline levels of oxidative stress and
antioxidant status in women with uncomplicated pregnancies®. The cause of
increased maternal oxidative stress during pregnancy is unknown;
nevertheless, accumulating evidence suggest that the placenta plays an
important role in the production of oxidative stress*®**.

Therefore, the objective of this study was to investigate maternal
oxidative stress and antioxidant capacity in pregnancy of the women with
uncomplicated pregnancies. So we will check lipid peroxidation; protein

oxidative profile; antioxidant defenses and cholinesterases activities on this

physiological condition.

Materials and Methods

Patients and controls

Thirty-nine women from the Federal University of Santa Maria Hospital (UFSM,
Santa Maria, RS, Brazil) were included in the study. None of these women had
a history of other relevant disease states. Women with unfavorable outcome of
pregnancy were excluded from this investigation. Each woman were carefully

selected by a clinical evaluation and separated in two patient groups. The
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control group (CG), consisted of n= 9 nonpregnant healthy volunteers women
who did not present any disease and had not been submitted to any
pharmacological therapy during the previous month. The second group, normal
pregnancy (NP), consisted of n = 30 pregnant women with a singlet pregnancy,
with a normal diastolic and systolic blood pressure (mmHg) and with an age
ranged from 27-45 years among the groups conform table 1. All women of the
group of normal pregnant were being treated with ferrous sulfate. The Human
Ethics Committee of UFSM approved the project under number 86-2006 and

subjects gave informed consent.

Blood samples collection

Eighteen milliliters of peripheral blood was collected by venous puncture from
ante-cubital region into a three vacutainer plastic tube containing anticoagulant
sodium citrate 3.2%, EDTA (K3E) and other tube with serum clot activator and
without anticoagulant for the separation of blood fractions for preparations of
samples and determinations. All Blood samples from the pregnant women were

obtained from the gestational third trimester of pregnancy (table 1).

Hematological parameters
The erythrocytes count, hemoglobin and hematocrit of the all controls and
patients were performed with an automatic cell counter brand ABX Micros 60

(ABX Horiba).

Determination of lipid peroxidation
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As an index of lipid peroxidation we used the formation of TBARS during an
acid-heating reaction as previously described by Jentzsch et al. [12]. Briefly,
200 ul of serum samples were mixed with 1.5 ml of 0.2 M ortophosphoric acid,
250 ul of 0,1M of thiobarbituric acid and 550 ul of distilled water; subsequently
they were heated in a boiling water bath for 45 minutes. TBARS were
determined by the absorbance at 532 nm and were expressed as

malondialdehyde equivalents (nmol MDA/mI of serum).

Determination of total sulphydryl content

Total plasma sulphydryl groups were determined as described by Ellman®3. In
short, an aliquot of plasma was reacted with 250 uM DTNB in a final volume of
2 ml, and the absorbance was read at 412 nm. A standard curve with cysteine

was constructed in order to calculate the total sulphydryl in the samples.

Carbonylation of serum proteins

Protein carbonyl was measured by reaction with 2,4-dinitrophenyl hydrazine
(DNPH) following the method of Levine et al.'*. Assays were performed in
duplicate for both the DNPH treated samples and blanks. Thus, a serum aliquot
containing ~5mg protein diluted in 20 mM Hepes buffer, pH 7.2, was placed in
4 tubes. A half volume of 10% trichloracetic acid was added to precipitate
protein. Tubes were centrifuged at 3.700 rpm for 5 minutes in a tabletop
centrifuge, discarding the supernatant. Two tubes, then received 250 ul of 10
mM DNPH in 2M HCI and the other two the same volume of 2M HCI and pellets
were resuspended using a pipet tip and vigorous vortexing. The reaction was

let in the dark, at room temperature, for 30 minutes, vortexing after 15 minutes.
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Protein was precipitated by addition of 250 ul of 10% trichloracetic acid followed
by centrifugation for 5 minutes at 3.700 rpm. After discarding the supernatant,
the pellet protein was washed 2 times with 1.0 ml ethyl acetate:ethanol, 1:1, at
room temperature. Pellets were broken up with a pipet tip and vortexing, and
then centrifuged at 3.700 rpm for 5 minutes before discarding the supernatant.
After the 3rd wash, the pellets were incubated at 37°C at 10 minutes in 1.5 ml
of 80 mM PBS Buffer (SDS 2%, EDTA 0,5%), pH 8.0, and then read at 370 nm.

The results were expressed as nmol protein carbonyl/mg of protein.

Superoxide dismutase (SOD) and catalase (CAT) activities
Citrated whole blood was used to determine SOD and CAT activities. SOD
activity was assayed by measuring the inhibition of adrenaline auto-oxidation as

absorbance at 480 nm as Bannister and Calabrese™. CAT activity was

measured by the rate of decrease in H,O; at 240 nm according Aebi*®.

Ascorbic acid (Vitamin C) quantification

Vitamin C analysis followed the method described by Lloyd et al., with
modifications'’. The serum samples was desproteinized with trichloroacetic
acid (TCA) 15%, using 400 pl of sample and 800 ul of TCA 15%, vortex-mixed
for 15s and centrifuged at 1800 x g for 15 minutes. Then, 400 pl of supernatant
was removed to the other tube and 120 ul of DTC (solution of 5ml of 2.4
dinitrophenylhydrazine 0.1 mol/l in H2SO4 4.5M; 0.25 ml of thiourea 0.66
mol/L; 0,25 ml of cupric sulfate 0.027 mol/l) was added. Samples were vortex-
mixed for 10s, closed with filmed paper and incubated at 60 C for 60 minutes.

After, samples were transferred to an ice bath for 10 minutes, and then, 600 pl
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of H2SO4 12M was added. Samples were vortex-mixed for 10s and read at 520
nm. All samples were measurement in duplicate. It was used calibration curves
with L(+)-ascorbic acid (Vetec Quimica Fina Ltda) to determine the

concentration, following the same procedure of the samples.

Erythrocyte acetylcholinesterase activity (AChE)

Erythrocyte AChE activity was determined by the method of Elmann et al.*?,
modified by Worek et al.'®. To achieve temperature equilibration and complete
reaction of sample matrix sulfhydryl groups with DTNB, the mixture was
incubated for 10 minutes prior to addition of substrate. Enzyme activity was
corrected for spontaneous hydrolysis of the substrate and DTNB degradation.
The butyrylcholinesterase (BChE EC 3.1.1.8) was inhibited by ethopropazine.
AChE activity was measured at 436 nm and 37<C using polystyrol cuvets. The
activity of AChE was calculated from the quotient between AChE activity and

protein content and the results are expressed as pmol/h/mg of protein.

Serum_butyrylcholinesterase (BUChE) enzymatic assay

The BUChE enzymatic assay was determined in serum by a modification of the
spectrophotometric method of Ellman et al. [18] as previously described by
Rocha et al.?°. The reaction mixture (2 ml final volume) contained 100 mM K*-
phosphate buffer, pH 7.5 and 1 mM 5,5'-dithiobisnitrobenzoic acid (DTNB). The
method is based on the formation of the yellow anion, 5,5'-dithiobisnitrobenzoic
acid, measured by absorbance at 412 nm during 2-min incubation at 25<C. The

enzyme was pre-incubated for 2 min. The reaction was initiated by adding 8
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mM butyrylthiocholine iodide (BuSCh). All samples were run in duplicate or

triplicate and enzyme activity was expressed in umol BuSCh/h/mg of protein.

Protein determination
Protein was determined by the method of Bradford®* using bovine serum

albumin as standard.

Statistical analysis
Data were analyzed by unpaired t test, considering a level of significance of
5%. Values of P< 0.05 were regarded as statistically significant. Correlation

was evaluated by Pearson's test considering p<0.05 significant.

Results

The results of the erythrocytes count, hemoglobin and hematocrit was
decreased in the NP group with p< 0.01 when compared to control group (table
1). In order to verify the changes in membrane lipids the first measurement
performed was the MDA activity which was enhanced in the NP group (17.75 +
0.71, SEM) with p < 0.01 when compared to the CG group (13.42 £ 1.13, SEM)

as figure B.

The plasma total content sulphydryl was decreased in the NP (0.36 *
0.02, SEM) with p < 0.001 when compared to the CG group (0.67 + 0.04, SEM)
(table 2). The protein oxidation of the normal pregnancy group NP (1.54 + 0.05,

SEM) demonstrated increased carbonyl content when compared to the control
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group (1.34 + 0.12, SEM), but this difference is not significant statistically (p >
0.05) (figure A).

The results obtained for dosage of superoxide dismutase (SOD) and
catalase (CAT) activities are presented in table 2. The superoxide dismutase
activity was increased in the NP group (43.5 + 1.47, SEM) with p < 0.05 when
compared to the CG group (38.0 £ 2.09, SEM). The catalase activity was
increased in the NP group (17.15 £+ 0.33, SEM) with p < 0.01 when compared
to the CG group (13.75 = 1.43, SEM). Analyzing the correlations, SOD and
CAT demonstrated a positive correlation according figure E (p < 0.05).

The plasmatic vitamin C quantification was decreased in the NP (2.77
+ 0.25, SEM) with p < 0.05 when compared to the CG group (4.25 + 0.75,
SEM) (table 2).

The erythrocyte AChE activity is shown in figure D. It can be observed
that there was a significant difference between the patients and the controls.
The erythrocyte AChE activity was increased in the NP (237.51 £+ 11.64, SEM)
with p < 0.001 when compared to the CG group (133.55 + 6.69, SEM). The
serum BuChE enzymatic assay was increased in the NP (37.7 £ 1.22, SEM)
with p < 0.001 when compared to the CG group (26.25 + 3.33, SEM) as shown

figure C.

Discussion

In relation to pro-oxidants our results showed that the amounts of MDA

were increased in the third trimester of gestation in women pregnant. In parallel
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with this change, there was an increase of the antioxidants SOD and CAT in
the same period, as well as an increase of the cholinesterase activities. As

previously*®*

, the placenta plays an important role at stress oxidative in
pregnancy.

The human placenta is classified as hemochorial type, and the
establishment of the maternal placental circulation is influenced by the
trophoblastic invasion. Extravillous trophoblastic invasion transforms the low-
caliber, high-resistance spiral arteries into high-caliber and low resistance®.
This remodeling of the placental vascular bed causes invasion of the
cytotrophoblast cells on the maternal spiral arteries feeding intervillous space
(involving endothelium and muscular tunica media), making them loose their
smooth muscle and become sinusoids, thus laking any contractibility and
resulting in an oxidative burst®.

So the maternal-placental interface is formed by syncytiotrophoblast
(STB), this cell is the likely origin of the factors which disturb maternal
endothelium. Significant quantities of syncytiotrophoblast microparticles
(STBMs), a product of the normal turnover and renewal of the syncytial surface
by apoptosis, circulate in maternal blood during pregnancy®*. The
synciotiotrophoblast microparticles may lead to activation of maternal
neutrophils and subsequent production of reactive oxygen species mediated by
(NAD [P] H) oxidase?”.

The nicotinamide adenine dinucleotide phosphate (NAD[P]H) oxidase
IS an important enzyme that generates superoxide radicals localized in the
placenta syncytial microvillous membrane®?’. This enzyme may play a role in

placental lipid peroxidation by generating increased amounts of the superoxide
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radical which could explain the increased activity of the enzyme superoxide
dismutase observed in this work. We also can presume that the placenta is the
cause of the increased oxidative stress during pregnancy, probably due to
STBMs released in the maternal-placental interface.

Also other researchers reported that the pregnancy itself may produce
oxidative stress as a result of increased metabolic activity in placental
mitochondria and reduced scavenging power of antioxidants. Increased plasma
thiols and placental lipid peroxides in pregnant women and decreased
expression of antioxidants have been reported®®°.

Moreover substantial increases in OS have been hypothesized to lead
to acute pregnancy complications*® or spontaneous abortion®'. Also under pro-
thrombotic conditions related with both thrombophilia and pregnancy,
haemostatic response and microthrombi are generated, which could lead to
ischemic conditions and mechanical stress in blood vessels and consequent
generation of reactive oxygen species (ROS)**%.

Still there factors intricately associated with endothelium injury and
coagulation as inflammation, under which increased activity of leukocytes
results in oxidative burst. Thus a cascade of events initiated by oxidative stress,
leads to series of responses, such as vasoconstriction, membrane oxidation
and further pro-coagulation, each of which includes further generation of
ROS*.

In our study were found increased activity of cholinesterase enzymes,
then we could assume that this increased activity of these enzymes would be

derived from erythrocytes, platelets and Ilymphocytes employed in the

inflammatory process inherent to the process of pregnancy, since there is
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endothelial dysfunction, especially in the maternal-placental interface. This
assumption can be confirmed and we can say that these cells would be
releasing these enzymes as it has been found high levels of AChE activity in
non-neuronal tissues®2°. Adding to this, it is known that butyrylcholinesterase
detoxifies anticholinesterases (AC) that are responsible to threaten
pregnancy>’.

Regarding the increased activity of serum butyrylcholinesterase we
could speculate that it is related to a possible change in the levels of
adipocytokines caused by the accumulation of visceral fat occurred during
pregnancy. It is well known that these substances are bioactive compounds
derived from adipose tissue, such as leptin, tumor necrosis factor (TNF-a),
adiponectin, among others. In the case of adiponectin in contrast to other types
of adipocytokines, it is reduced in patients with excess visceral fat®®. Thus this
substance would not be exerting its protective effect and anti-inflammatory thus
favoring the elevation of the enzyme activity butyrylcholinesterase.

Also, our results are consistent with the literature®, whereas the
increase of SOD should be followed by increased catalase activity because it is
known that SOD catalyzes the dismutation of superoxide anion (O ) into
peroxide (H.0;) and oxygen (O, ) becomes an important antioxidant defense
system. In turn, the peroxide, which is a co-product of SOD is converted to
water by catalase.

Another cause for the increase of pro-oxidants in normal pregnancy
reported here could be iron supplementation to these women who were
undergoing. We could suppose that the deposits of iron could be diminished

since the hematological parameters like hemoglobin are diminished, but serum
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iron supplementation would be the responsible for stress. The iron
supplementation in pregnancy is currently a routine practice in most pregnancy
care centers particularly in developing countries. Reports indicate that iron is a
free radical generator’”’. Indeed the chemical properties of Fe render it a
potential hazard within the organism and that ferrous fon (Fe 2*) in small non-
protein shielded chelates can catalyze the production of oxygen radicals or
reactive oxygen species (ROS), which in turn can lead to peroxidation and
radical chain reaction with molecular damage**.

Iron also is involved in the Fenton reaction, generating hydroxyl radical
(OH-) which is patrticularly toxic. Indeed it is one of the most reactive forms of
the free radicals. Thus iron is important in toxic cellular injury*? and is probably
responsible for a portion of the formation of ROS in pregnant women.

Taking together these results and knowing the importance that the
balance between the generation of oxygen species and antioxidant systems
play in our body we can suggest that more studies should be conducted with
the objective of determine other important enzymes involved in the stress

oxidative in uncomplicated gestational process.
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Tables

Table 1: Some clinical characteristics of the study population.

89

Groups

Control Normal Pregnancy
Age (years) 35.16 £ 1.522 35.80 £1.324
Gestational age 29.8 £0.711
(weeks/range)
Systolic blood pressure 112.5+3.168 110.0 £2.076
(mmHgQ)
Diastolic blood pressure 72.90 + 2.497 70.66 £2.175
(mmHg)
Erythrocytes (RBC) + + *
(10%/mm? ) 4.378 +0.074 3.89 +0.115
Hemoglobin (HGB) 13.26 +0.253 11.98 +0.299
(g/dL)
gz;natocrit (HCT) 39.96 + 0.765 35.24+0.879 ™
n 8-9 14-30

Results are expressed as mean value + S.E.M (n=39). Data were analyzed
statistically by unpaired “t". () p< 0.01; () p< 0.001.
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Table 2: Values of the antioxidant substances of the normal pregnancy and

controls.

Controls Normal Pregnancy
Superoxide dismutase 38.0+2.09 435 +1.47*
(U SOD/mg protein)
Catalase 13.75+1.43 17.15 £ 0.33**
(pmol/mg of protein)
Ascorbic acid 4.25+0.75 2.77 £0.25*
(umol/l)
Total sulfhydryl content 0.67 £0.04 0.36 = 0.02***
(umol de SH/ml of plasma)
n 7-9 11-30

Results are expressed as mean value

+ SEM for n = 7-30

independent experiments performed in triplicate. Data were analyzed
statistically by unpaired “t” test. (* ) p < 0.05; (**) p < 0.01; (***) p < 0.001.
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Figures

Fig. A. Box-whisker-plot of protein carbonyls content in serum obtained from
control group (C) and normal pregnant (NP). Data represent the mean value +
standard error of mean of 23 individuals. p > 0.05 for NP when compared to

control group.

Fig. B. Box-whisker-plot of malondialdehyde content in serum obtained from
control group (C) and normal pregnant (NP). Data represent the mean value +
standard error of mean of 27 individuals. ~ p < 0.01 for NP when compared to

control group.

Fig. C. Box-whisker-plot of Butyrylcholinesterase activity in serum obtained from
control group (C) and normal pregnant (NP). Data represent the mean value +
standard error of mean of 38 individuals. ~ p < 0.001 for NP when compared to

control group.

Fig. D. Box-whisker-plot of Acetylcholinesterase activity in serum obtained from
control group (C) and normal pregnant (NP). Data represent the mean value +
standard error of mean of 38 individuals. ~ p < 0.001 for NP when compared to

control group.

Fig. E. Pearson's correlation between SOD and CAT in citrated whole blood

(p<0,05).
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Fig. E

CAT vs. SOD
Correlation: r = ,86662

65

SOD

20 1

15 : : : : : : : :
14 15 16 17 18 19 20 21 22 23

CAT [ “o. 95% confidence




97

Capitulo 3

Artigo

NTPDase and 5’-Nucleotidase Activities in Platelets of Human

Pregnants with a Normal or High Risk for Thrombosis

Claudio A. M. Leal, Maria R. C. Schetinger, Daniela B. R. Leal, Karine
Bauchspiess, Clarissa M. L. Schrekker, Paula A. Maldonado, Vera M. Morsch,

José E. P. da Silva

Publicado na revista Molecular and Cellular Biochemistry



Mol Cell Biochem (2007) 304:325-330
DOI 10.1007/s11010-007-9515-5

98

NTPDase and 5'-nucleotidase activities in platelets of human
pregnants with a normal or high risk for thrombosis

Claudio A. M. Leal - Maria R. C. Schetinger -

Daniela B. R. Leal - Karine Bauchspiess + Clarissa M. L. Schrekker -
Paula A. Maldonado - Vera M. Morsch « José E. P. da Silva

Received: 23 Febrnary 2007 / Accepted: 16 May 2007/ Published online: 8 June 2007

© Springer Science+Business Media B.V. 2007

Abstract The nucleotide degrading enzymes, ectonucle-
otidases, present on the platelet surface of human pregnant
with a normal (without complications) or high risk for
thrombosis (hypertension and gestational diabetes) were
studied. NTPDase (E.C. 3.6.1.5, CD39) and 5’-nucleotidase
(E.C. 3.1.3.5, CD73) activities of four patient groups, non-
pregnant (NP, n = 18), pregnant without complications (P,
n = 25), pregnant with hypertension (HP, n = 15) and
pregnant with gestational diabetes mellitus (GDP, n = 10),
were analyzed. Increased NTPDase activities were
observed in the groups P (37.0%, SD.=2.03 and
34.0%, S.D. = 3.19), HP (40.0%, S.D. = 3.32 and 56.0%,
S$.D. =3.25) and GDP (23.0%, S.D.=2.30 and 42.0%,
S.D.=2.26) in comparison to the control group NP
(p <001, SD.=192 and S.D. =2.48) when ATP and
ADP were used as substrate, respectively. AMP was used
as substrate to determine the 5’-nucleotidase activities,
which showed to be elevated in the groups P (45.0%,
S.D. = 1.73), HP (54.0%, S.D. = 2.64) and GDP (68.0%,
S.D. = 1.69) when compared to the control group NP
(p < 0.01, S.D. = 1.26). However, no statistically signifi-
cant differences were observed between the groups P, HP

C. A. M. Leal - K. Bauchspiess - C. M. L. Schrekker -

J. E. P. da Silva

Departamento de Analises Clinicas e ToxicolGgicas, Centro de
Ciéncias da Satde, Universidade Federal de Santa Maria, Av.
Roraima, Santa Maria, RS 97105-900, Brazil

M. R. C. Schetinger ((X) - D. B. R. Leal -

P. A. Maldonado - V. M. Morsch

Departamento de Quimica, Centro de Ciéncias Naturais e
Exatas, Universidade Federal de Santa Maria, Av. Roraima,
Santa Maria, RS 97105-900, Brazil

e-mail: mariarosa@smail.ufsm.br; mariaschetinger@gmail.com

and GDP. As a consequence, the enhanced ATP, ADP and
AMP hydrolysis was ascribed to the pregnancy itself,
independent of a normal or high risk for thrombosis. The
enhanced NTPDase and 5'-nucleotidase activities in
platelets suggest that these enzymes are involved in the
thromboregulation process in the pregnancy.

Keywords Ectonucleotidases - NTPDase -
5’-nucleotidase - Pregnancy ,

Introduction

Pregnancy is a risk factor for thrombosis and venous
thromboembolism (VTE), which is one of the main
obstetric causes of maternal mortality [1]. Thrombosis is a
multicellular process [2]. Erythrocytes, neutrophils,
monocytes and platelets are observed as active components
in the microenvironment of evolving thrombi [3]. After
vascular injury platelets initially adhere to the exposed sub-
endothelium collagen via intermediary of the von Wille-
brand factor [3]. This attachment of the von Willebrand
factor to the platelet GPIb/IX/V receptor initiates a se-
quence of processes, including an increased phospholipase
C activity and an increased calcium flux, which causes
platelet activation. Finally, degranulation of the activated
platelets causes platelet aggregation [4].

VTE occurs in 1 of 1000 deliveries and its occurrence is
higher during the third trimester of pregnancy and puer-
perium [5]. In pregnant, many coagulation factors are in-
creased by around two times in contrast to these of non-
pregnant [6]. The modifications of the coagulation system
result from hormonal changes that are part of the physio-
logical adaptation to pregnancy, which is necessary for an
effective control of placental bleeding [7].

@ Springer
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Pregnancy related complications, such as gestational
hypertension, diabetes and placental abruption, are asso-
ciated with changes in hemostatic parameters [8]. Hae-
mostasis is a complex, dynamic and self-regulatory system
made up of subsystems [9]. The body regulates the for-
mation of haemostatic plugs as a response to vascular in-
jury, preventing intravascular clot formation and vessel
occlusion [10]. During this process, the blood vessel wall,
leukocytes, platelets and many plasma proteins act to
control haemostasis, thrombosis and fibrinolysis [10]. As a
consequence, there is a predisposition to thrombus forma-
tion in type 2 diabetes and hypertension [11, 12].

Extracellular nucleotides are messengers that modulate
the exocrine and endocrine systems, the vasculature and
haemostatic mechanisms, musculoskeletal, immune and
inflammatory cells [13]. Essentially, ‘‘purinergic/pyrimid-
inergic signaling’’ has three components at any inflam-
matory site: (i) sources of extracellular nucleotides [14];
(ii) specific receptors for these molecular transmitters or
derivatives [15]; (iil) ectonucleotidases that modulate the
cellular responses by hydrolyzing nucleotides [16].

Platelets play a fundamental role in hemostasis [17]. The
enzymes NTPDase and 5'-nucleotidase have an important
function in the coagulation cascade, regulating the platelet
aggregation [10, 11]. Activated platelets release ADP, the
final common agonist in platelet activation and recruit-
ment, which is metabolized to adenosine monophosphate
(AMP) by NTPDase on the endothelial and platelet cell
surfaces [18-20]. After this, AMP is metabolized to
adenosine by 5'-nucleotidase. Extracellular adenine nu-
cleotides such as ATP and ADP, and the nucleoside
adenosine, regulate the vascular response to endothelial
injury. In comparison, ADP is the principal promoter of
platelet aggregation, whereas adenosine and ATP are
inhibitors [21]. Together, NTPDase and 5’-nucleotidase,
control the availability of ligands (ATP, ADP, AMP and
adenosine) for both nucleotide and nucleoside receptors,
and, consequently, the duration and extend of receptor
activation [22].

The activities of NTPDase and 5-nucleotidase in
platelets were investigated in several pathologies like dia-
betes, hypertension, breast cancer, chronic renal failure,
and in lymphocytes of HIV infected patients [23-26].
NTPDase activities are enhanced in type 2 diabetic,
hypertensive and type 2 diabetic/hypertensive patients with
ATP as substrate, together with an increased ADP hydro-
lysis [23]. The 5'-nucleotidase activity was only enhanced
for the hypertensive and type 2 diabetes/hypertensive
groups. However, the activity of these enzymes in throm-
boembolic diseases during pregnancy is unknown [1]. The
objective of the present study was to determine the NTP-
Dase and 5-nucleotidase activities in platelets of human
pregnant with a normal or high risk for thrombosis. After

_@ Springer

that, we attempt to obtain a better understanding of the
thromboregulatory role of these enzymes during preg-
nancy.

Materials and methods
Materials

Nucleotides, sodium azide, HEPES and Trizma base were
purchased from Sigma (St. Louis, Mo, USA). All other
reagents used in the experiments were of analytical grade
and of the highest purity.

Participants

The blood samples were taken from patients from the
Federal University of Santa Maria Hospital (Santa Maria,
RS, Brazil). None of these women had a history of hae-
mostatic disorders or other relevant diseases. Eight milli-
liters of blood were obtained from each participant. These
blood samples were used for platelet-rich plasma prepara-
tions, and biochemical and hematological determinations.
Blood samples of pregnant were taken between the 35th
and 40th gestational week. All participants signed a term of
declared consent. The Human Ethics Committee of the
Health Science Center, Federal University of Santa Maria,
approved the project.

The participants were carefully selected by a clinical
evaluation. Four participant groups consisted of a total of
68 individuals with an average age of 32 + 6 years. The
control group, NP, consisted of 18 healthy non-pregnant
and did not undergo a pharmacological therapy during the
last month. The second group, pregnant without compli-
cations, P, consisted of 25 pregnant without proteinuria,
and their diastolic blood pressure was < 85 mm Hg. The
third group, HP, consisted of 15 pregnant with hyperten-
sion. They presented elevated blood pressures (=140/
90 mm Hg) at two or more measurcments and proteinuria
(0.3 g/24 h or =1+ on the dipstick test). The fourth group,
pregnant with gestational diabetes mellitus, GDP, consisted
of 10 pregnant that presented an abmormal glucose test
(>7.8 mmol/l [>140 mg/dl]) and an abnormal glucose tol-
erance test [27, 28].

Platelet-rich plasma preparation (PRP)

PRP was prepared by the method of Pilla et al. [19]. Blood
was collected into 0.129 M citrate and centrifuged at 160g
for 10 min. The PRP was centrifuged at 1400g for 15 min
and washed twice with 3.5 mM HEPES isosmolar buffer
containing 142 mM NaCl, 2.5 mM KCl, and 5.5 mM
glucose. The washed platelets were resuspended in HEPES
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buffer and protein was adjusted to 0.3-0.5 mg/ml, where
10-15 pg of protein was used per tube to ensure linearity in
the enzyme assay.

NTPDase (E.C. 3.6.1.5, CD39) and 5"-nuclectidase
(E.C. 3.1.3.5, CD73) activities

NTPDase activity was determined by measuring the.

amount of liberated inorganic phosphate, using a colori-
metric assay. This method was chosen because it does not
require radioactive substances, and no significant differ-
ences were observed when comparing with radioactive
assays [23, 29]. ’

Twenty microliters PRP preparation, 10-15 ug protein,
were added to either a mixture of reaction for NTPDase or 5’
nucleotidase, and the resulting reaction mixture was prein-
cubated for 10 min. at 37°C, until a final volume of 200 pl
was reached. NTPDase activity was determined by the
method of Pilla et al. [19] in a reaction medium, containing
5 mM CaCl,, 100 mM NaCl, 4.0 mM KCI, 6 mM glucose,
and 50 mM Tris-HCI buffer, with pH 7.4. The reaction was
started by the addition of ATP or ADP as substrate and its
final concentration was 1.0 mM. The 5’-nucleotidase activity
for AMP hydrolysis was carried out as previously described,
except that the 5 mM CaCl, was replaced by 10 mM MgCl,
and a 2 mM AMP was added [19]. The incubation time for
both enzymatic assays were one hour. The NTPDase and 5’-
nucleotidase reactions were stopped by the addition of 200 pl
10% trichloroacetic acid (TCA), which provided a final
concentration of 5%. The inorganic phosphate (Pi) released
by ATP, ADP and AMP hydrolysis was measured by the
method of Chan et al. [30], using KH,PO, as standard.
Controls were prepared to correct no enzymatic hydrolysis
by adding PRP after TCA addition. All determinations were
performed in triplicate. Enzyme activities are reported in
nmol Pi released/min/mg protein.

Biochemical and hematological parameters

Quantitative determinations of platelets were performed
using a Coulter-STKS analyzer (Miami, USA). Prothrombin

time (PT) and activated partial thromboplastin time (aPTT)
were determined with a Coag-a-mate-MTX apparatus
(Organon Teknica, Durham. NC, USA). The blood glucose
measurements used an enzymatic method with hexoquinase
of the Cobas Integra Systems (Roche Diagnostics).

Protein determination

Protein was measured by the Coomassie blue method using
bovine serum albumin as standard as described by Bradford
[31].

LDH measurement

LDH enzyme activities were measured using the kinetic
method of the Labquest apparatus (Diagnostics Gold
Analyzer).

Statistical analysis

Data were analyzed by one-way analysis of variance
(ANOVA), followed by the parametric Tukey—Kramer
Multiple Comparisons test, considering a level of signifi-
cance of 5%.

Results
Biochemical and hematological parameters

The groups NP, P and HP presented normal blood glucose
levels (70—110 mg/dl), whereas the GDP group presented
elevated blood glucose levels (>140 mg/dl). These results
are presented in Table 1.

Quantitative analysis demonstrated that platelet counts
obtained from all pregnant were at normal levels (150,000—
400,000 plalelets/mm3)‘ Hematological determinations for
prothrombin time showed higher levels in the P, HP and
GDP groups in comparison to the control group NP, and
the activated partial thromboplastin time were within the

Table 1 Determination of glucose, PT and aPTT levels in the groups NP, P, HP and GDP

Groups NP F HP GDP
Glucose 79.83 = 1.64 87.92 = 1.70 93.93 = 1.90 163.4 = 7.91*
PT 11.90 = 0.34 17.32 = 0.48% 17.96 + 0.60* 18.08 + 0.83*
aPTT 30.84 = 0.88 3125 = 0.71* 31,32 = 0.64* 30.61 = 0.88*
n 18 25 15 10

Results are expressed as mean value = S.E. (n = 68). Data were analyzed statistically by one-way analysis of variance (ANOVA) or Tukey—

Kramer test

*p < 0.01 for P, HP and GDP versus NP and GDP versus NP, P and HP

) Springer
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normal range for the P, HP and GDP groups, as shown in
Table 1.

Cellular integrity

The activity of lactate dehydrogenase (LDH) was used as a
marker for the cell integrity. The measurements of LDH
activity showed that most cells (approximately 90%) were
intact after the isolation procedure (data not shown).

ATP, ADP and AMP hydrolysis
The results obtained with NTPDase and 5’-nucleotidase are

presented in Figs. 1-3. NTPDase activity was enhanced in
the P, HP and GDP groups with ATP as subsirate

nmol Pi/minfmg protein_

o L . L .
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Fig. 1 Box-whisker-plot of NTPDase activity in platelets obtained
from non-pregnant (NP), pregnant without complications (P),
pregnant with hypertension (HP) and pregnant with gestational
diabetes mellitus (GDP), using ATP as substrate. Data represent the
mean value =+ standard error of 68 individuals. p < 0.01 for P, HP and
GDP versus NP

30
£
] L
2= o
5
g
£ F
£ =3
oo}
k] £
£ o
2

o

NP P HP GDP

Fig. 2 Box-whisker-plot of NTPDase activity in platelets obtained
from non-pregnant (NP), pregnant without complications (P),
pregnant with hypertension (HP) and pregnant with gestational
diabetes mellitus (GDP), using ADP as substrate. Data represent the
mean value + standard error of 68 individuals. p < 0.01 for P, HP and
GDP versus NP
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Fig. 3 Box-whisker-plot of 3'-nucleotidase activity in platelets
obtained from non-pregnant (NP), pregnant without complications
(P), pregnant with hypertension (HP) and pregnant with gestational
diabetes mellitus (GDP), using AMP as substrate. Data represent the
mean value + standard error of 68 individuals. p < 0.01 for P, HP and
GDP versus NP

(p < 0.01) when compared to the control group. ADP
hydrolysis was also increased in the P, HP, and GDP
groups, differing significantly from the control group
(p < 0.01).

5’-nucleotidase activity was also altered in the P, HP,
GDP groups with AMP as substrate (p < 0.01), differing
significantly from the control group.

No significant differences for the NTPDase and 5'-
nucleotidase activities were observed between the groups of
pregnancy (P, HP and GDP).

Discussion

This study gives important information about the changes
in NTPDase and 5’-nucleotidase activity in platelets of
pregnant between the 35th and 40th gestational week
during pregnancy without complications and with a high
risk for thrombosis. Similar increases in platelet NTPDase
activity in the groups of pregnant without complications
(37% and 34%), pregnant with hypertension (41% and
56%) and pregnant with gestational diabetes mellitus (23%
and 42%) were observed with ATP and ADP as subsirate,
respectively. The 5’-nucleotidase activity was also elevated
in the groups of pregnant without complications (45%),
pregnant with hypertension (54%) and pregnant with ges-
tational diabetes mellitus (68%). These results confirm for
the first time that these enzymes are involved in the
thromboregulatory system of pregnant.

Related work [23] showed an enhanced NTPDase
activity in humans with type 2 diabetes (34%), hypertension
(32%) and type 2 diabetes/hypertension (30%), using ATP
as substrate. An increased ADP hydrolysis was observed
for humans with type 2 diabetes (72%), hypertension
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(70%) and type 2 diabetes/hypertension (55%). The 5'’-
nucleotidase activity was also altered for the hypertensive
(60%) and type 2 diabetes/hypertensive (53%) groups.

Surprisingly, no accumulative effect was observed in
our study for the groups of pregnant with hypertension
and pregnant with gestational diabetes mellitus. The groups
of pregnant without complications and the two groups of
pregnant with complications showed no statistical differ-
ences. These results suggest that the final enzyme activities
of pregnants are due to the pregnancy itself. This could be
related to the increased levels of estrogen during preg-
nancy. The existence of a significant correlation between
serum prolactin and leptin values, and ADP stimulation of
platelets in pregnants, was reported previously [35, 36].
Hyperprolactinemia causes an increased platelet aggrega-
tion via ADP stimulation. Hence, this finding indicates that
prolactin could be a physiological cofactor for the coagu-
lation balance during pregnancy and puerperium, which
could explain the increased risk for venous thromboem-
bolism in pregnants around delivery.

Previously, other scientists [32, 33] reported that puri-
fied, unstimulated platelets lack or have minimal NTPDase
functional activity and indicated that microparticles circu-
lating in the plasma express NTPDase biochemical activity.
It was suggested that released NTPDase, present on
microparticles, could be a key modulatory factor in
thrombosis. However, an important point that needs to be
clarified is the presence of NTPDase in platelet membranes
of pregnant. The platelets are abundant and mobile cells
with an important contribution, even when presenting
minimal activity compared to other sources, such as
endothelial cells or microparticles. The results reported
herein unquestionably confirm the presence of NTPDase in
the platelet membranes.

Haemostatic changes during pregnancy are responsible
for increased prothrombin complex factors (II, VII, X)
[34]. These factors cause a procoagulant activity with more
formation of fibrin. Prothrombin time (PT), is an estimate
for the extrinsic pathway of coagulation, principally factor
VIL. An increased PT was' observed in our groups of
pregnant with a normal or high risk for thrombosis. This
supposes that the increased NTPDase and 5-nucleotidase
activities occurred to keep up the haemostatic balance
under these conditions, since these enzymes could be
involved in the anticoagulant process.

In conclusion, pregnant with a normal and high risk for
thrombosis have enhanced NTPDase and 5’-nucleotidase
activities on their platelet surface. This response could
avoid the formation of local microthrombus and regulates
the vascular tonus, since ATP is a potent vasoconstrictor.
Furthermore, the enhanced hydrolysis of AMP to adeno-
sine by 5’-nucleotidase limits the procoagulant action of
ADP. These enzymes could be important in the delivery or

puerperium of pregnant in order to prevent a possible
thrombotic event.
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4.0 Discussao

Ha muito tempo que o papel dos nucleotideos ATP, ADP, UTP, UDP
esta sendo relacionado a sinalizacéo intercelular em diversos tecidos do corpo
humano. Entre as principais funcbes pode-se dizer que 0s mesmos estdo
envolvidos na neurotransmissdo, na contratiidade muscular, na funcéo
cardiaca, nas funcdes hepaticas e gastrointestinais, na distribuicdo de fluxo
sanguineo, nas respostas imunes, no controle do trafego de leucdécitos entre o
sangue e os tecidos, na agregacdo e na ativacdo das plaquetas no sitio da
injuria celular e, também, na regulacdo das respostas celulares dos epitélios,
entre outras (Yegutkin, 2008).

Entre as enzimas que sao responsaveis pelo controle destes
nucleotideos pode-se citar as NTPDases, as NPPs, 5-nucleotidases e
adenosina desaminase, as quais desempenham um importante papel na
tromboregulacdo nas respostas imunes e inflamatorias (Zimmermann et al.,
2007). Dentro desse contexto estas enzimas tém sido extensivamente
pesquisadas em varias patologias e condicbes clinicas aléem de modelos
experimentais dos mais diversos tipos (Lunkes et al., 2003; Leal et al., 2005;
Araujo et al., 2005; Maldonado et al., 2008; Silva et al., 2005). Desta maneira,
neste trabalho procurou-se verificar a atividade de algumas destas enzimas e,
também, a agregacéo plaquetaria em gestantes normais e de alto risco para
problemas tromboliticos. Além disso, verificaram-se também alguns parametros
de estresse oxidativo em gestantes normais.

Dentro deste contexto, foi escolhido como grupo teste as gestantes

devido ao fato de que a gravidez, desde a etapa de implantacdo até o momento
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do parto, apresenta profundas mudancas no sistema hemostatico destas
mulheres. Durante a gravidez, podem ocorrer potenciais sangramentos no
momento da implantacdo e da invaséao trofoblastica endovascular das artérias
espiraladas maternas. O risco de hemorragia atinge o pico durante o terceiro
estagio da gravidez quando a placenta ndo apresenta a decidua basal e
expbem uma grande quantidade de artérias espirais desnudas de sua
musculatura lisa. Estas mudancas fazem com que o organismo materno
experimente alteracfes profundas no seu sistema de coagulacdo (Lockwood,
2006).

Por exemplo, sabe-se que a gravidez € acompanhada por um aumento
de 2 a 3 vezes nas concentracdes de fibrinogénio e 20 até 1000% nos fatores
de coagulacéo VII, VIII, IX, X e Xll todos 0s quais com seu pico maximo ao
termo (Bremme, 2003). Os niveis do fator de von Willebrand chegam a
aumentar 400%. Por outro lado, os niveis de pro-trombina e fator V
permanecem inalterados enquanto os niveis dos fatores Xlll e Xl declinam
modestamente. Na verdade, ha evidéncias de geracao cronica de baixos niveis
de trombina e fibrina evidenciados pelo aumento dos niveis de fragmento 1-2
da pro-trombina, complexos trombina-antitrombina e polimeros de fibrina
solavel (Ku et al., 2003).

Outro fator importante diz respeito a aderéncia plaquetéaria. As plaquetas
aderem avidamente ao endotélio danificado ou aos componentes
subendoteliais expostos via ligantes derivados das paredes dos vasos e que se
ligardo aos receptores de membrana plaquetéarios especificos. Por exemplo, o
colageno exposto liga-se ao receptor plaquetario GPla, enquanto o fator de von

Willebrand liga-se ao receptor plaguetario GPIb (Eyre &Gamlin, 2010).
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Desta maneira, todas estas mudancas hemostaticas podem estar
repercutindo na atividade das enzimas estudadas nos grupos de gestantes,
pois assim como ocorre na gestacdo normal, as gestantes com hipertenséo
diabetes gestacional e ruptura placentaria sdo associadas com mudancas nos
parametros hemostaticos (O’Riordan & Higgins, 2003). Assim, neste trabalho
ocorreram aumentos similares na atividade da NTPDase de plaguetas nos
grupos de gestantes sem complicacdes (37% e 34%), gestantes com
hipertenséao (41% e 56%) e gestantes com diabetes mellitus gestacional (23%
and 42%) com ATP e ADP como substrato, respectivamente. A atividade da
enzima 5’- nucleotidase também foi elevada nos grupos de gestantes sem
complicacbes (45%), gestantes com hipertensdo (54%) e gestantes com
diabetes mellitus gestacional (68%). Estes resultados mostram pela primeira
vez que estas enzimas estdo envolvidas no sistema tromborregulatério das
gestantes.

Esses resultados sugerem que as atividades finais das enzimas de
gestantes podem ser devidas ao proprio estado gestacional. Além disso, néo
ha duvida de que os nucleotideos de adenina desempenham papéis
importantes na hemostasia destas mulheres, pois o0 ADP é o maior promotor de
agregacdo plaquetaria enquanto a adenosina, ao contrario, € um dos maiores
inibidores desta fungéo e, também, um modulador do tdnus vascular (Rozalski
et al.,, 2005). Portanto, a acdo conjunta das enzimas NTPDase e 5'-
nucleotidase sdo fundamentais para a circulagdo sanguinea dessas mulheres
pois a degradacao extracelular de ATP, ADP, AMP e a consequente geracéo

do nucleosideo adenosina (Robson et al, 2006) podem estar minimizando de
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alguma maneira algum efeito deletério provocado pelas alteracbes pro-
coagulantes deste periodo gestacional.

Por outro lado, as atividades das ectonucleotidases encontram-se
elevadas em pacientes com diabetes e patologias associadas. Estudos tém
mostrado que pacientes com hiperglicemia crbnica frequentemente tem
hipercoagulabilidade sanguinea, como evidenciado pelo aumento dos fatores
de coagulacdo plasmaticos, reducdo da tromboresisténcia endotelial e
hiperreatividade plaquetaria (Sobol & Watala, 2000). Neste trabalho, pode-se
evidenciar o estado de hipercoagulacao pelo tempo de protrombina (TP), o qual
se encontrou aumentado em todas as gestantes com complicacdes. Desta
forma poderiamos supor, que as enzimas NTPDase e 5'-nucleotidase
plaguetarias estariam funcionando como uma espécie de anticoagulantes
desempenhando funcbes semelhantes a antitrombina Ill e a trombomodulina
das células endoteliais.

Permanecendo na mesma linha de raciocinio, ou seja, a influéncia
destas enzimas na hemostasia destas gestantes, este trabalho encontrou a
atividade da adenosina desaminase elevada em todos os grupos estudados.
Sabe-se que o0 nucleosideo adenosina aumenta rapidamente em situacdes
onde o organismo requer impedimento de dano tecidual como, por exemplo, a
isquemia cerebral, e que a subsequiente estimulacdo dos receptores de
adenosina induz uma grande variedade de efeitos com 0 objetivo principal de
proteger o tecido estressado (Linden, 2005).

Sabe-se que as principais fontes de adenosina sao intracelulares. Uma
outra alternativa e fonte menos importante é a hidrélise intracelular de S-

adenosilhomocisteina. A degradacdo de adenosina € principalmente confinada
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ao citosol, onde ela € irreversivelmente desaminada pela adenosina
desaminase ou refosforilada pela adenosina cinase (Deussen, 2000). Entéo,
pode-se justificar em parte o aumento da atividade da enzima adenosina
deaminase no soro das gestantes normais, com pré-eclampsia, com diabetes
gestacional e contaminada pelo virus HIV, visto que a atividade da enzima 5'-
nucleotidase encontrou-se elevada nestes grupos.

Outra explicacdo plausivel para o aumento da atividade da adenosina
desaminase poderia ser encontrado no fato de que sob certas circunstancias
de aumento exagerado do estresse metabdlico o aumento dos niveis de
adenosina verificado pela continua degradacdo de nucleotideos nestas
situagbes facilmente causaria saturacdo da enzima adenosina cinase e,
consequentemente, 0 excesso de adenosina estaria sendo metabolizado até
inosina e hipoxantina pela adenosina desaminase (Olson & Pearson, 1990).

Além disso, a formacdo intracellular de adenosina aumenta
concomitantemente com o aumento do trabalho celular e 0 aumento esta
relacionado a indices como o0 consumo de oxigénio e liberacdo de
transmissores excitatorios (Fredholm, 2007).

Com relacdo ao consumo de oxigénio, é interessante lembrar que as
gestantes estdo no terceiro trimestre gestacional, no qual, h4& uma grande
demanda metabdlica no organismo materno, sendo assim existe uma
proporcional quantidade de eritrécitos plaquetas e leucdcitos, entre outras
células no sistema circulatério destas pacientes o que pode estar colaborando
para a liberacdo de adenosina que auxiliaria no aumento do fluxo sanguineo na
interface utero-placenta e, isto, seria mais um fator para explicar a atividade

aumentada da enzima adenosina desaminase.
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Por sua vez se pode presumir que este aumento da atividade da enzima
adenosina desaminase e a consequente hidrdlise do nucleosideo antiagregante
adenosina estaria favorecendo, de certo modo, o aumento da agregacéo
plaquetéaria observado no grupo de gestantes.

Além disso, ndo se pode deixar de considerar a influéncia que os
horménios femininos exercem sobre a agregacdo plaquetaria. Entre esses
horménios esta a prolactina que é um dos horménios proeminentes e que
aumentam durante a gravidez e lactacdo. Existem trabalhos que relatam que a
hiperprolactinemia é um potente co-estimulador da agregacao plaquetaria e
que poderia ser uma das causas do estado de hipercoagulabilidade observado
na gravidez e puerperio (Wallaschofski et al., 2001). Assim, a prolactina poderia
ser um cofator fisiolégico para o balanco da coagulacdo durante a gravidez e
puerpério, o qual poderia explicar o risco aumentado para tromboembolismo
venoso em gravidas ao redor do parto (Leal et al., 2005).

Outro fator que poderia estar causando disfungcbes de maneira
significativa no endotélio dessas gestantes e a lipotoxicidade, o qual pode estar
alterando a funcdo e o0 metabolismo placentario. Esta alteracdo é,
particularmente, importante em gravidas com complicacbes, como diabetes
gestacional, pré-eclampsia e contaminadas pelo virus HIV. No figado, por
exemplo, a oxidagdo anormal ou excessiva de acidos graxos leva a producao
de espécies reativas de oxigénio, disturbios no metabolismo dos acidos graxos
e na composicdo de fosfolipidios da membrana celular além de alteragbes no
conteudo de colesterol (Jarvie et al., 2010).

Além disso, o estresse oxidativo pode surgir do acumulo intracelular de

triacilglicerdis tendo impacto na eficiéncia mitocondrial, resultando em acumulo
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de elétrons na cadeia de transporte de elétrons, 0s quais reagiriam com 0
oxigénio para formar radicais superéxido. A combinacdo de altos niveis de
lipidios e estresse oxidativo leva a producdo de alguns tipos de lipidios
oxidados: peroxidos lipidicos, lipoproteinas oxidadas e derivados oxidados do
colesterol (oxiesterdis) (Vejux & Lizard, 2009). Isto poderia explicar em parte o
aumento da enzima superoxido dismutase (SOD) verificado nas gestantes
normais neste trabalho. Nesse contexto, provavelmente, a propria
suplementacdo com ferro por essas gestantes pode estar colaborando para o
aumento da enzima superéxido dismutase, visto que a mesma possui trés
isoformas MnSOD, CuZnSOD e FeSOD (Guemori et al., 1991).

Esses radicais superoxidos podem atacar os fosfolipidios das
membranas biolégicas e reagirem com o0s acidos graxos poliinsaturados
formando peroxidos lipidicos que resultam em injuria celular. Essas espécies
de reativas de oxigénio tém sido propostas como promotoras da peroxidacéo
lipidica e disfuncéo endotelial que € comumente associada com as desordens
da gravidez (Hung et al., 2002). Entre esses produtos, o malondialdeido é
freqientemente utilizado como um marcador indireto de peroxidacao lipidica
sendo detectado pela medida das substancias reativas ao acido tiobarbiturico
(TBARS) (Grissa et al., 2007). Neste trabalho foi encontrada uma elevacéo
significatica do TBARS nas gestantes normais.

Alguns trabalhos relatam que as enzimas do sistema antioxidante
presentes no tecido placentario podem parcialmente proteger o sangue
materno da quantidade excessiva de peroxido de hidrogénio (H202) e, se essa

protecdo ficar comprometida durante a gravidez, condi¢Bes pro-trombdticas
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podem ocasionar problemas tromboliticos que podem ser exacerbados

principalmente apos o parto (Toglia & Nolan, 1997).
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5.0 Conclusoes

Esse trabalho possui extrema relevancia, visto que foi o primeiro a
verificar a atividade de ectonucleotidases em plaguetas de gestantes normais e
com complicacbes na gravidez. Dessa maneira foi possivel confirmar que
essas enzimas participam da regulacdo hemostatica durante o periodo
gestacional. Apesar da existéncia de outros fatores importantes no sistema de
regulacdo plaquetaria e no processo de coagulacdo que nao foram avaliados
nesses pacientes, torna-se evidente com esses resultados obtidos que essas
enzimas auxiliam no reparo do ténus vascular e disfuncbes endoteliais
inerentes a este periodo.

Além disso, a participacdo da enzima adenosina deaminase juntamente
com o processo de agregacdo plaquetaria estdo em consonancia com o0s
demais resultados encontrados e vem comprovar que, também, exercem
importantes funcdes tromboregulatérias, a fim de auxiliar na prevencao de
futuros problemas vasculares nessas pacientes.

Adicionalmente, foi detectada a producdo de espécies reativas de
oxigénio durante o periodo gestacional que participam dessa situacao de injuria
celular. Apesar disso, foi possivel observar que o organismo materno consegue
responder de maneira eficaz por meio de suas defesas antioxidantes

enddgenas com o intuito de manter o equilibrio homeostatico desejavel.
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rdenador do Comite
em Pesquiss - UFS‘:: Etica
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Anexo |l

Termo de Consentimento Livre e Esclarecido
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
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PERMISSAQO DE CONSENTIMENTO LIVRE E ESCLARECIDO

1-TITULO
Avaliacdo da atividade, cinética e expressao das enzimas NTPDase

e 5"-nucleotidase e marcadores de estresse oxidativo na gravidez

2 — OBJETIVOS
2.1 Determinar a atividade, cinética e expressao das enzimas
NTPDase e 5-nucleotidase em plaquetas de gestantes normais e de
alto risco

2.2 Determinar marcadores de estresse oxidativo em gestantes

normais e de alto risco

3 - REGISTRO
O estudo sera desenvolvido no Departamento de Quimica do Centro
de Ciéncias Naturais e Exatas da Universidade Federal de Santa Maria. Este

projeto esta registrado e possui a anuéncia do Hospital Universitario de
Santa Maria (HUSM).

4 — PROCEDIMENTOS
Os pacientes serdo submetidos a puncdo venosa. O material

bioldgico obtido sera destinado as dosagens bioquimicas.

5 — RISCOS DA PARTICIPACAO NO ESTUDO
Este estudo n&o envolve risco adicional de vida ou contaminacdo aos
participantes, pois ndo sera realizado nenhum procedimento além daquele

usado na rotina de pungao venosa.
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6 — ESTOCAGEM DE AMOSTRAS DE SANGUE
As amostras de sangue que restarem nos testes bioquimicos serao

descartadas, obedecendo as normas de biosseguranca.

7 — PARTICIPACAO VOLUNTARIA
A participacdo dos pacientes nesse estudo é livre e voluntaria A
recusa na participacdo néo leva a nenhum prejuizo e ndo comprometera o

cuidado médico do paciente.

8 — CONFIDENCIALIDADE
A identidade do participante permanecera em sigilo. Os registros do
prontuario e os demais dados obtidos dos individuos em estudo também
serdo confidenciais e serdo armazenados em lugar apropriado e seguro no
Departamento de Quimica do Centro de Ciéncias Naturais e Exatas da

Universidade Federal de Santa Maria.

Local para contato: Departamento de Quimica, Centro de Ciéncias
Naturais e Exatas, prédio 18, laboratério n°® 2208, UFSM, CEP 97105-900,
telefone 55-3220-8665; responsavel: prof.Dr. Maria Rosa Chitolina
Schetinger (orientador); doutorando: Claudio A. M. Leal (55-9926-0372).

9 — IDENTIFICACAO DO PACIENTE

Nome:
RG:

Pesquisador responsavel
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Anexo llI

Questionario utilizado na captacédo das gestantes
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QUESTIONARIO
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1. Qual a sua idade?

2. Qual o seu peso e altura?
3. E a sua primeira gravidez?
() Sim.

( ) Nao. Em sua primeira gravidez ocorreu algum problema gestacional?
Quantos filhos a senhora possui?

4. Em gue semana gestacional se encontra a sua gravidez?

5. Qual a sua pressao arterial? (sistélica = alta e diastdlica = baixa).
Confirmar com algum documento se a paciente tiver!

6. A senhora estd em uso de algum medicamento no momento?
( ) Sim. Qual o(s) medicamento(s)?
( ) Nao. A senhora tomou algum medicamento no altimo més?

7. Como se encontra a sua glicemia sanguinea (glicose)?

8. A senhora realizou algum exame laboratorial até 0 momento?
( ) Sim. Quais exames? Copiar os resultados!

( ) Néo.

OBS: Copiar todos os resultados de exames e informa  ¢des que a
paciente tiver a disposic¢ao!

Pesquisador responsavel



