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RESUMO

Dissertacéo de Mestrado
Programa de Pds-Graduagdo em Ciéncias Bioldgicas: Bioquimica Toxicologica
Universidade Federal de Santa Maria, RS, Brasil

ATIVIDADE DAS ECTO-ENZIMAS EM PLAQUETAS DE RATOS COM
HIPERCOLESTEROLEMIA INDUZIDA TRATADOS COM CURCUMINA E
SUBMETIDOS AO EXERCICIO FISICO

Autora: Josiane Bizzi Schlemmer
Orientadora: Daniela Bitencourt Rosa Leal
Co-orientadora: Maria Rosa Chitolina Schetinger
Data e Local da Defesa: Santa Maria, 31 de julho de 2012.

A hipercolesterolemia é um fator de risco para o surgimento da aterosclerose, sendo esta uma
doenca inflamatoria cronica caracterizada por acimulo de plaquetas nas paredes das artérias e
também por um processo inflamatorio. As plaquetas acumuladas dentro das lesdes
ateroscleroticas, podem recrutar plaquetas adicionais para formar um trombo. Os nucleotideos
e nucleosideos extracelulares como ATP, ADP, AMP e adenosina tém fungdes importantes,
incluindo a regulacdo do trombo, exercendo uma variedade de efeitos sobre as plaquetas. A
familia de ectoenzimas (E-NTPDase, E-5-nucleotidase, E-NPP, E-ADA) é que regula a
concentracdo destes nucleotideos e nucleosideos. Estudos demonstram que o exercicio fisico,
pode provocar alteragdes no perfil lipidico. Dentre os exercicios fisicos, o nado tem sido
utilizado em ratos para avaliacdo de adaptacdes cardiovasculares ao exercicio, podendo ser
uma terapia adjuvante para a prevencdo da progressdo da aterosclerose. Além do exercicio
fisico, produtos naturais tem sido utilizado para o controle de doencas cardiovasculares, como
€ 0 caso da curcumina, um composto fenolico natural, que tem propriedades antioxidantes e
hipocolesterolémicas. Diante disso, o0 objetivo deste trabalho foi avaliar a atividade das
ectoenzimas E-NTPDase, E-5’-nucleotidase, E-NPP e E-ADA em plaguetas de ratos com
hipercolesterolemia induzida tratados com curcumina e submetidos ao exercicio fisico. Os
ratos utilizados no estudo foram divididos em 8 grupos: dieta padrdo (C), dieta padrdo mais
curcumina (CC), dieta padrdo mais exercicio fisico (PE), dieta padrdo mais exercicio fisico e
curcumina (CCPE), dieta hipercolesterolémica (H), dieta hipercolesterolémica mais
curcumina (HCC), dieta hipercolesterolémica mais exercicio fisico (HPE), e dieta
hipercolesterolémica mais exercicio fisico e curcumina (HCCPE). A atividade da E-
NTPDase, E-NPP, E-5'-NT e E-ADA foram medidos em plaguetas isoladas. A curcumina foi

administrada por gavagem na dose de 25 mg/kg/dia e os ratos foram submetidos ao nado



forcado. Foi observado um aumento na hidrdlise do ATP e ADP nos ratos com
hipercolesterolemia induzida. Quando esses ratos receberam tratamento com curcumina e
exercicio fisico, o exercicio fisico por si s6 foi capaz de aumentar a hidrélise de ATP. Na
hidrélise de ADP, observou-se uma diminuicdo na atividade da E-NTPDase quando os ratos
hipercolesterolémicos foram tratados com curcumina e exercicio fisico por si s6, bem como
quando foram tratados com curcumina e exercicio fisico concomitante. A atividade da E-
5'nucleotidase, E-NPP, E-ADA e agregacdo plaquetaria ndo mostraram diferencas
significativas. Estes resultados sugerem que a dieta hipercolesterolémica altera a atividade das
ecto-enzimas em plaquetas, e que o tratamento com a curcumina e exercicio fisico pode ser
capaz de modular a hidrolise de nucleotideos e nucleosideos de adenina nesta condigcdo

experimental.

Palavras chave: Hipercolesterolemia, Curcumina, Exercicio fisico, Sistema purinérgico
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Hypercholesterolemia is a risk factor for the development of atherosclerosis, which is a
chronic inflammatory disease characterized by accumulation of platelets on the walls of
arteries and also by an inflammatory process. Platelets accumulated within atherosclerotic
lesions, may recruit additional platelets to form a thrombus. Extracellular nucleotides and
nucleosides such as ATP, ADP, AMP and adenosine have important functions, including the
regulation of the thrombus, causing a variety of effects on platelets. The family of ecto-
enzymes (E-NTPDase, E-5-nucleotidase, E-NPP, E-ADA) that regulates the concentration
of these nucleotides and nucleosides. Studies show that physical exercise may cause changes
in lipid profile. Among the exercises, swimming in rats has been used to evaluate
cardiovascular adaptations to exercise, may be an adjunct therapy to prevent progression of
atherosclerosis. In the exercise, natural products have been used for the control of
cardiovascular diseases, such as curcumin, a natural phenolic compound, which has
antioxidant and hypocholesterolemic. Therefore, the objective of this study was to evaluate
the activity of ecto-enzymes E-NTPDase, E-5'-nucleotidase, E-NPP and E- ADA in platelets
of rats with induced hypercholesterolemia treated with curcumin and submitted to physical
exercise. The rats used in the study were divided into eight groups: standard diet (C),
standard diet along with curcumin (CC), standard diet along with physical exercise (PE),
standard diet along with curcumin and physical exercise (CCPE), hypercholesterolemic diet
(H), hypercholesterolemic diet along with curcumin (HCC), hypercholesterolemic diet along
with physical exercise (HPE), and hypercholesterolemic diet along with curcumin and
physical exercise (HCCPE). The activity of E-NTPDase, E-NPP, E-5-NT and E-ADA were
measured in isolated platelets. Curcumin was administered by gavage at a dose of 25 mg /

kg / day, the rats were submitted to forced swimming. There was an increase in the



hydrolysis of ATP and ADP in rats with hypercholesterolaemia induced. When these mice
were treated with curcumin and physical exercise, physical exercise per se was able to
further enhance the hydrolysis of ATP. In the hydrolysis of ADP, it was observed a decrease
in activity of the E- NTPDase when hypercholesterolemic rats were treated with curcumin
and physical exercise per se, well as when it was associated with curcumin and physical
exercise. The activities of E-5'nucleotidase, E-NPP and E-ADA and platelet aggregation, did
not show any significant. These results suggest that the hypercholesterolemic diet alters the
activity of ecto-enzyme in platelets, and that treatment with curcumin and physical exercise
may be able to modulate hydrolysis of nucleotides and nucleosides of adenine this

experimental condition.

Keywords: Hypercholesterolemia, Curcumin, Physical exercise, Purinergic system.
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APRESENTACAO

Esta dissertacdo estd organizada na seguinte forma: primeiramente é apresentada a
introducdo. A seguir, os resultados, discussdo e conclusbes séo apresentados na forma de
manuscrito, o qual foi escrito, seguindo-se as normas do periédico ao qual 0 mesmo sera
submetido. As referéncias bibliogréaficas apresentadas no final da dissertacdo referem-se as
citacbes que aparecem no item introducao.

Manuscrito: Biochimie.
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1 INTRODUCAO

De acordo com a Organizacdo Mundial de Saide (OMS), 56% da populacdo brasileira
sofre com o0 excesso de peso. Estima-se que o aumento das doengas provocadas pelo
sobrepeso ndo esteja relacionado apenas com a auséncia de exercicio fisico, mas também com
0 estilo de vida contemporaneo. Segundo estudos, o0 excesso de peso dos brasileiros esta
relacionado ao baixo consumo de alimentos saudaveis, ao aumento do consumo de alimentos
industrializados e a ingestdo de grande quantidade de aclcar e gordura (MINISTERIO DA
SAUDE, 2011).

A etiologia da obesidade é multifatorial, onde predisposi¢cdes genéticas interagem com
0 estilo de vida do individuo, como por exemplo, os padrdes de dieta (ROBERTS et al.,
2002). Em particular, o consumo de dietas ocidentalizadas, as quais sdo ricas em gordura
saturada e agucar refinado e pobres em frutas e verduras, sdo fatores relevantes na etiologia de
doencas cronicas (BLOCK et al., 1988; GOLDBART et al., 2006).

O colesterol € precursor dos hormdnios esteroides, dos acidos biliares e da vitamina D.
Alem disso, como constituinte das membranas celulares, o colesterol atua na fluidez destas e
na ativacdo de enzimas ai situadas (IV DIRETRIZ SOBRE DISLIPIDEMIAS E
PREVENCAO DA ATEROSCLEROSE, 2007).

Apesar de sua importancia biolégica, hd muito tempo tem sido demonstrado que o
aumento do consumo de gordura esta associado a elevacdo da concentracdo plasmatica de
colesterol (IV DIRETRIZ SOBRE DISLIPIDEMIAS E PREVENCAO DA
ATEROSCLEROSE, 2007). O nivel de colesterol é um importante fator para o
desenvolvimento da aterosclerose em seres humanos (DIETSCHY & TURLEY, 2004).

Os conteddos alimentares de gorduras saturadas e de colesterol influenciam
diferentemente os niveis lipidicos plasmaticos, em especial a colesterolemia. A maioria da
populacdo absorve aproximadamente metade do colesterol presente na luz intestinal, enquanto
uma minoria é hiperresponsiva, ou seja, absorve maior quantidade. A absorcdo de gordura
saturada, no entanto, ndo € limitada e, por isso, sua ingestdo promove efeito mais intenso
sobre a colesterolemia (IV DIRETRIZ SOBRE DISLIPIDEMIAS E PREVENCAO DA
ATEROSCLEROSE, 2007).

O desequilibrio no metabolismo lipidico parece predispor ao desenvolvimento da

aterosclerose, visto que os fatores dietéticos, como dietas ricas em gordura saturada, trans ou
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colesterol, desempenham um papel importante, pois podem proporcionar a progressdo da
doenca (BITTENCOURT JUNIOR; SENNA, 2002).

O actmulo de lipoproteinas ricas em colesterol como a LDL no compartimento
plasméatico resulta em hipercolesterolemia. Este acUmulo pode ocorrer por doencas
monogénicas, em particular, por defeito no gene do receptor de LDL ou no gene da
apolipoproteina (apo) B-100 (I DIRETRIZ SOBRE DISLIPIDEMIAS E PREVENCAO DA
ATEROSCLEROSE, 2007).

A lipoproteina LDL é o principal transportador de colesterol no plasma humano. Cerca
de 70% do colesterol plasmatico é transportado por esta lipoproteina para o figado e para
tecidos periféricos, onde é utilizado em diversos processos metabolicos, como por exemplo na
sintese de hormdnios (estrdgeno, progesterona, testosterona, etc) (GRIFFIN, 1999; JONES,
2001). A apo B-100 constitui a parte proteica da lipoproteina LDL, e € o componente que liga
as particulas da LDL a receptores especificos, chamados de receptores B, E, situados na
superficie da membrana plasmatica celular (GOLDSTEIN et al., 1979).

A hipercolesterolemia esta epidemiologicamente ligada ao desenvolvimento de
doencas cardiovasculares, sendo um importante fator de risco e determinante no surgimento
da aterosclerose (HANSSON, 2005; LUSIS, 2000; ROCHA e LIBBY, 2009; ROSS, 1999). A
aterosclerose ¢ uma enfermidade cronica multifatorial, lenta e progressiva, resultante de uma
série de respostas celulares e moleculares altamente especificas (HACKAM & ANAND,
2003). Nesta enfermidade, ocorre retencdo de lipideos, células inflamatorias e elementos
fibrosos na parede das artérias 0s quais s@o responsaveis pela formacdo de placas ou estrias
gordurosas, que geralmente ocasionam a obstrugdo das mesmas e, consequentemente, a
deterioracdo da funcao vascular (LIBBY, 2002).

A aterosclerose é caracterizada pela presenca de anormalidades lipidicas, disfuncéo
endotelial, acimulo de leucdcitos e plaquetas nas paredes das artérias e também por um
processo inflamatério (ROSS, 1999; LUSIS, 2000; HANSSON, 2005; ROCHA; LIBBY,
2009).

A artéria é constituida por trés definidas camadas que cercam o lumen arterial, cada
um dos quais tem uma composicdo diferente de células e matriz extracelular. A camada
imediatamente adjacente ao limen é chamado de intima, a camada do meio € conhecida como
média e a camada mais externa compreende a adventicia arterial. Estas trés camadas séo
demarcadas por camadas concéntricas de elastina, conhecida como a lamina elastica interna
que separa a intima da média, e a lamina elastica externa que separa a média da adventicia
(Figura 1) (STOCKER; KEANEY, 2004). Na aterosclerose a lipoproteina LDL torna-se
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aprisionada no espaco subendotelial, onde estd sujeita a modificacdo oxidativa. A LDL
oxidada estimula a migracdo de mondcitos e formacdo de células espumosas. Uma vez
formada, a LDL oxidada resulta em uma lesdo endotelial ou disfungéo (DIAZ et al.,1997)
(Fig. 2A), que é caracterizada por permeabilidade endotelial reforcada, deposicdo da
lipoproteina da LDL no espaco subendotelial, adesdo de leucocitos e transmigracéo através do
endotélio. Nas fases intermédiarias da aterosclerose (Fig. 2B), hd a formacdo de células
espumosas e uma resposta inflamatéria que induz ativacdo das células T, a aderéncia e a
agregacdo de plaquetas, e entrada de mais de leucécitos ao longo da parede arterial com a
migracdo das células musculares lisas da intima. Finalmente na aterosclerose avancada (Fig.
2C) € caracterizada pela acumulacdo de macréfagos, formacdo de capa fibrosa e necrose no
ndcleo da lesdo (STOCKER; KEANEY, 2004).

Camadas de
uma artéria

Tunica interna

Endotélio
Membrana
elastica
Tunica
média

Tunica
externa

Figura 1. Morfologia de uma artéria (http://pt.wikipedia.org/wiki/Arteria)
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Permeabilidade Migrag&o de Adesdo Adeséo de
endotelial leucécitos endotelial leucécitos

S e Aderénciae Aderéncia e
Migragéo células  Formagao de Ativagdo de  agregacdo de entrada de
musculares lisas  células espumosas  Células T plaquetas leucécitos

Necrose no ntcleo Forma_gao de capa
da lesdo fibrosa

Macrofagos

Figura 2: Variaces dos estagios da aterosclerose (Adaptado por Stocker; Keaney, 2004).

O desenvolvimento e a progressdo da placa aterosclerética estdo associados com

alteracbes inflamatorias de fases iniciais, tanto localmente na parede arterial ou
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sistemicamente, sendo este Ultimo identificado por um aumento precoce dos niveis séricos de
marcadores inflamatorios (BALANESCU et al., 2010).

Os marcadores inflamatérios associados ao processo aterosclerdtico podem ser
divididos em categorias: fatores de ativagdo endotelial (VCAM-1 e ICAM-1); fatores pro-
inflamatorios que induzem sintese hepatica de proteinas de fase aguda (TNF, IL-1, IL-6 e IL-
18); proteinas de fase aguda sintetizadas pelo figado (proteina C reativa, amil6ide A sérica e
fibrinogénio); fatores endoteliais trombdticos (PAI-1); e fatores especificos associados com
doencas auto-imunes, tais como o anticorpo anti-cardiolipina. Alguns fatores inflamat6rios
sdo sintetizados localmente por células mononucleares que invadem a parede do vaso ou sdo
produzidos pelos hepat6citos, estimulados por citocinas como a IL-6 liberada pelos
macréfagos ativados (BALANESCU et al., 2010).

Entre os fatores de risco da aterosclerose influenciados pela dieta destacam-se:
concentracbes plasmaticas aumentadas de CT, LDL, hipertensdo, diabetes e baixas
concentragbes plasmaticas de HDL e de antioxidantes (BARO et al., 2003). A
hipercolesterolemia, por sua vez, propicia o espessamento e acumulo de lipideos na camada
intima de vasos, que produzem estrias gordurosas e placas de ateroma (NAPOLLI et al., 2000).

Existe uma correlacao direta entre a incidéncia e a gravidade de lesbes ateromatosas e
a concentracdo plasmatica de CT, e em especial a LDL, que é o principal fator de risco para o
processo aterosclerotico (ROSS, 1986). Por outro lado, a concentracdo aumentada de HDL no
plasma correlaciona-se negativamente com a incidéncia de aterosclerose (RIDKER; GLYNN;
HENNEKENS, 1998).

A aterosclerose também é caracterizada pela acumulacdo de plaquetas nas paredes das
artérias (HANSSON, 2005; ROCHA; LIBBY, 2009).

As plaquetas exercem um papel fundamental na hemostasia, onde desempenham
atividade mecénica e bioquimica (DANIEL et al., 1998), intervindo rapidamente na presenca
de lesbes endoteliais (FROJMOVIC; PANJWANI, 1976). As plaquetas sdo células discoides,
anucleadas e possuem um importante papel na manutencdo da integridade endotelial
(LORENZI et al., 2003). Possuem aproximadamente 3 um de didmetro, com forma e tamanho
variavel (FROJMOVIC; PANJWANI, 1976).

As plaquetas circulantes sdo produzidas a partir dos megacariocitos na medula 6ssea.
Apresentam-se heterogéneas sob aspectos morfolégicos, como tamanho e densidade
(AUSTIN, 2008). A membrana celular de uma plaqueta é lipoproteica composta por
fosfolipideos, contendo muitos receptores responsaveis pelo desencadeamento da ativacéo

plaquetéria e de reacGes de adesdo-agregacdo (ZAGO et al., 2004). Os demais componentes



21

estruturais das plaquetas consistem, essencialmente, em citoesqueleto, sistema tubular denso,
sistema canalicular aberto e maltiplos granulos de secrecdo, denominados granulos alfa e
grénulos delta (Figura 3) (LORENZI et al., 2003).

MicrotUbulos Microtubulos

Figura 3 — Representacdo de uma plaqueta (LORENZI et al., 2003).

As trés principais fungdes plaquetaria sdo: adesao, ativacdo e agregacao (Figura 4)
(VANNI, 2007). A palavra “adesdo” descreve a interagdo entre as plaquetas e qualquer outro
tipo celular diferente, enquanto que “agregagdo” se refere exclusivamente a interagdo entre
duas plaquetas (LOPEZ-FARRE, 2001). A agregacédo ocorre apds a adesao e é definida como
uma reacdo de plaguetas ativadas entre si (MESA & ALFONSO, 2000).

Figura 4: Funcoes plaquetaria (VANNI, 2007).



22

As plaquetas acumuladas dentro das lesbes aterosclerdticas, podem recrutar plaquetas
adicionais para formar um trombo, indicando que a parede arterial pode assumir tanto uma
inflamacdo como um fendtipo protrombogénico quando os niveis de colesterol no sangue
estdo elevados (WAGNER; BURGER, 2003).

As plaquetas sdo um dos mais importantes componentes do sangue que participam e
regulam a formacgdo de trombos, liberando substéncias ativas, tais como ADP (MARCUS et
al., 2003). As plaquetas sdo ativadas quando entram em contato com o colageno, trombina e
ADP (DANIEL et al., 1998). Sob condicdes fisiol6gicas normais, as plaquetas circulam em
estreito contato com a mucosa das células endoteliais da parede dos vasos sanguineos e,
apenas quando ha uma lesdo, elas aderem ao local da lesdo (SALLES et al., 2008). Porém,
quando o vaso sofre dano, elas sdo ativadas e aderem aos sitios danificados (SANTOS et al.,
2008). Geralmente, a ativacdo plaquetaria, € iniciada pela exposi¢do a um agonista plaquetario
que se liga a receptores de superficie, desencadeando uma cascata de eventos bioquimicos
(COLMAN, 1990).

Massberg e colaboradores (2002) sugerem a participacdo das plaquetas na resposta
inflamatdria, uma vez que ha ativacéo de plaquetas em doencas com componente inflamatorio
agindo na vasculatura. As plaquetas regulam uma variedade de respostas inflamatérias e
possuem importante papel na aterotrombose, tornando-se claro sua atuacdo na hemostasia e na
trombose (GAWAZ, 2006).

Tendo em vista, que gorduras saturadas presentes nas dietas causam alteragdes na
composicao lipidica (SILVA et al., 2002), levando a proliferacdo de certos tipos de células
para o interior da parede arterial (STOCKER; KEANEY, 2004), modificacdes no estilo de
vida, como o exercicio fisico, podem provocar alteracfes benéficas no perfil lipidico (FAN et
al., 2009; HUSSEIN; NICHOLLS, 2010).

A pratica de exercicio fisico tem sido adotada como uma estratégia no tratamento da
hipercolesterolemia, por apresentar uma acao anti-aterogénica na circulacdo lipidica e de
apolipoproteinas e aumentar a aptidao cardiorrespiratoria (SUPERKO, 1998). A pratica
regular do exercicio fisico constitui medida auxiliar para o controle das dislipidemias,
promovendo reducdo dos niveis plasmaticos de triglicerideos, aumento dos niveis de HDL,
porém sem alteracdes significativas sobre as concentracdes de LDL (IV DIRETRIZ SOBRE
DISLIPIDEMIAS E PREVENCAO DA ATEROSCLEROSE, 2007). Também esté4 associada
com niveis mais baixos de citocinas inflamatérias (EISENSTEIN et al., 2002), além de

aumentar a sensibilidade a insulina, reduzir a pressdo arterial de repouso e colaborar no
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controle do peso corporal (IV DIRETRIZ SOBRE DISLIPIDEMIAS E PREVENQAO DA
ATEROSCLEROSE, 2007).

O exercicio fisico é uma importante alternativa para restaurar a fun¢do endotelial, por
apresentar acdes sobre o sistema cardiovascular. A elevacdo do débito cardiaco e o aumento
da pressdao de perfusdo durante o exercicio fisico aumentam a forca que o sangue exerce sobre
a parede vascular, sendo responsavel pelo aumento da producdo de 6xido nitrico (NO),
resultando no relaxamento do musculo vascular, com consequente vasodilatacdo (FISHER et
al., 2002). Na hipercolesterolemia a atividade da oOxido nitrico sintase (NOS) é reduzida,
provocando alteracdo na producdo de NO (NIEBAUER et al, 1999). Entretanto, a
normalizacdo dos niveis de LDL melhora a resposta vasodilatadora (ANDERSON et al.,
1995).

Na aterosclerose, hd um maior nimero de moléculas de ades@o por células endoteliais,
0 que acarretam na exacerbacdo da resposta inflamatoria, com consequiente aumento da lesao
tecidual (BITTENCOURT JUNIOR; SENNA, 2002). O estado inflamatério € indicado por
niveis elevados na circulacdo de marcadores de inflamacéo, tais como a IL-6, TNF e a CRP.
E importante ressaltar que a inatividade fisica e o sedentarismo também aumentam o risco
destas condi¢cdes, como mostra a figura abaixo (Figura 5) (ROOK; DALGLEISH; 2011).

Balanco energético positivo e inatividade fisica

Aumento de citocinas Aumento de
pré-inflamatérias Triglicerideos Aumento de
O acidos graxos
(IL-6, TNF) Aumento de

LDL

8 | —

Ativacédo de
células T Inflamagéo crénica de baixo grau

Aumento do risco de aterosclerose,
diabetes tipo 2, cancer

Macrofagos Reducéo da capacidade funcional

Reducéo da longevidade

Fig. 5: Balango energético positivo e inatividade fisica (ROOK; DALGLEISH; 2011).

Um estilo de vida sedentario leva ao acimulo de gordura visceral, e isto é acompanhado
por infiltracdo de tecido adiposo por células pro-inflamatdrias do sistema imunoldgico,
liberacdo aumentada de adipocinas e desenvolvimento de um baixo grau do estado
inflamatério sistémico (OUCHI et al., 2011).
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O ATP ¢ a fonte priméria de energia para as células, e uma suplementacdo pode
aumentar a capacidade de manter a rotatividade elevada de ATP durante um exercicio de alta
intensidade (BURNSTOCK, G., 2006). O exercicio fisico aumenta o gasto de ATP,
queimando a gordura corporal que, de outra forma iria acumular-se nos individuos que
consomem mais energia do que necessita. Neste sentido, o exercicio reduz o risco de
desenvolver obesidade e adiposidade excessiva. Promove também a salde cardiovascular,
uma vez que melhora o perfil lipidico sanguineo ( KRAUS et al., 2002). Estas alteracbes
benéficas nos niveis dos lipidos plasméticos limita o desenvolvimento da aterosclerose. O
efeito protetor de um estilo de vida fisicamente ativa estd associada contra doengas
inflamatorias cronicas , isto pode ser atribuida a um efeito anti-inflamatdrio do exercicio
(KASAPIS, THOMPSON, 2005; MATHUR, PEDERSEN, 2008).

O exercicio fisico regular reduz o risco de doenca metabolica cronica e doencas
cardiorrespiratorias, em parte porque 0 exercicio exerce efeitos anti-inflamatorios. Estes
efeitos podem ser mediados por reducdo na massa de gordura visceral (com uma diminuicao
da liberacdo subsequente de adipocinas) e inducdo de um ambiente anti-inflamatorio com
cada sessé@o de exercicios (GLEESON et al., 2011).

Véarios mecanismos podem contribuir para a geracdo deste ambiente anti-inflamatorio
do exercicio fisico. A ativacdo do eixo hipotalamo-hipdfise-adrenal e sistema nervoso
simpéatico leva a liberacdo de cortisol e adrenalina, do cortex-adrenal e medula,
respectivamente. Estes hormonios inibem a secrecdo do TNF pelos mondcitos. A IL-6
produzida pela contracdo do musculo esquelético também diminui a producao de TNF e pode
estimular mais a liberacdo de cortisol. Elevacbes agudas de IL-6 estimulam a producdo do
antagonista do receptor de IL-1 (IL-1RA), aumentando assim as concentracdes desta citocina
anti-inflamatoria na circulacdo. O exercicio fisico regular mobiliza as células T reguladoras
(Treg) (que sdo uma fonte importante de citocinas anti-inflamatérias IL-10). O exercicio
fisico aumenta as concentracdes plasmaticas de células imunoldgicas (quimiocinas
inflamatérias); sendo que elevacbes repetidas de quimiocinas pode conduzir a uma baixa
regulacdo dos seus receptores celulares, resultando em uma reduzida infiltracdo de tecido.
Uma reducdo na massa de tecido adiposo e tamanho dos adipdcitos, juntamente com reducéo
da infiltracdo de macrofagos, pode contribuir para uma reducéo na liberacéo de citocinas pro-
inflamatérias (tais como IL-6 e TNF) e um aumento na liberacdo de citocinas anti-
inflamatérias (tais como adiponectina e IL-10) a partir de tecido adiposo (Fig. 6) (GLEESON
et al.; 2011).
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Fig. 6: Mecanismos potenciais contribuintes para os efeitos anti-inflamatérios do exercicio fisico (Adaptado por
GLEESON et al., 2011).

Gleeson et al. (2011) sugerem que os diferentes mecanismos anti-inflamatérios
provavelmente dependem do modo de frequéncia, intensidade e duracdo do exercicio
realizado. Pode-se esperar que a IL-6 assuma uma maior importancia quando o exercicio é
prolongado e o glicogénio reduzido, enquanto as catecolaminas tendem a assumir efeitos com
maior importancia nos exercicios com duracdo mais curta, o exercicio de alta intensidade. O

treinamento com altas cargas podem ser necessaria para aumentar o nimero de células Treg
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circulantes e maximizar os efeitos anti-inflamatorios, mas possivelmente com um custo de um
pequeno aumento no risco de infeccao.

Dentre os exercicios fisicos, o nado tem sido utilizado como modelo de exercicios
fisicos em ratos para avaliacdo de adaptacdes cardiovasculares ao exercicio. Esse tipo de
exercicio parece gerar adaptacGes na performance dos animais (GEENEN; BUTTRICK;
SCHEURER, 1988). O nado € considerado um exercicio aerdbico tdo eficaz como andar de
bicicleta ou caminhar, e o exercicio de natacdo pode ser uma terapia adjuvante para a
prevencdo da progressédo da aterosclerose (PELLEGRIN et al., 2009).

Além do exercicio fisico, produtos naturais com acao terapéutica tem sido utilizado no
tratamento para o controle de doengas cardiovasculares, como é o caso da curcumina, um
polifenol presente no rizoma da planta Curcuma longa, que possui entre outras funcdes, efeito
hipocolesterolémico (RAO et al., 1970; KIM, 2010; FENG, et al., 2010) e antiinflamatorio
(ARAUJO & LEON, 2001; SEEHOFER et al., 2009). A partir do processo de expansdo da
industria de alimentos a espécie passou a ter grande apelo no mercado internacional, sendo
principalmente utilizado como corante natural (ANTUNES & ARAUJO, 2000; CECILIO-
FILHO et al., 2000).

A curcuma (Curcuma longa L.) é uma planta originaria do sudeste da Asia, mais
precisamente das florestas tropicais da India, pais detentor da maior producdo mundial e local
onde ocorre a maxima diversidade geneética (SASIKUMAR, 2005). Trata-se de uma planta do
tipo herbacea e perene, embora se comporte como anual em algumas condicGes
edafoclimaticas (CECILIO-FILHO et al., 2000). E uma planta monocotilédonea pertencente a
familia Zingiberaceae, é conhecida popularmente no Brasil como acafroeira, acafrdo-da-terra,
acafrdo-da-india, batatinha amarela, gengibre dourada e mangarataia (MAIA et al., 1995).

O comeércio da circuma pode ser realizado por meio do pd, obtido ap0s secagem e
moagem dos rizomas, bem como na forma de dleo resinas e extrato de curcumina purificado,
podendo esta Ultima apresentar concentracdes de até 98% de corante (MARTINS & RUSIG,
1992). A curcuma é conhecida no mercado internacional por turmeric, sendo considerada uma
preciosa especiaria, por ter sua importancia econémica devida as peculiaridades
caracteristicas de seus rizomas. E utilizada desde a antiguidade como condimento no preparo
e conservacdo de alimentos. Em diversos paises asiaticos, trata-se de um componente
indispensavel no preparo de diversos pratos e temperos, como no caso do curry (CECILIO-
FILHO et al., 2000).

Um dos principios ativos da curcuma é o composto fendlico curcumina (Figura 7)

(SRINIVASAN et al., 2006), que confere a coloragdo amarelo-alaranjada caracteristica dos
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rizomas. A qualidade do poder corante dos rizomas é usualmente avaliada pelo teor de
curcumina, o qual varia entre 2,8 e 8% dependendo da variedade cultivada
(GOVINDARAJAM, 1980).

o]
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Figura 7: Estrutura da curcumina (SRINIVASAN et al., 2006).
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Figura 8 — Isolamento, extracdo e estrutura da curcumina. Adaptado de Aggarwal et al. (2010).

A curcumina (Figura 8) € extensivamente usada como uma especiaria e também como
erva medicinal para doencas inflamatérias (CAO et al., 2006).

Os beneficios da curcumina incluem atividades farmacoldgicas, tais como: anti-
hipercolesterolemica, antioxidante, antimicrobianos, antiinflamatéria, anticancerigena,
antimutagénico, anti-HIV (FILHO et al., 2000; SHARMA; GESCHER; STEWARD, 2005),
protecdo contra Ulceras gastricas, disfuncdes hepaticas, desordens endocrinas, doencas
pulmonares, desordens neurodegenerativas, doencas de pele (AGGARWAL; HARIKUMAR,;
2009),e também evita o0 acUmulo de triglicerideo no figado e tecido adiposo (ASSAI;
MIYAZAWA., 2001). Possui também forte capacidade de impedir a peroxidacdo lipidica,
estabilizar membranas celulares e inibir a agregacao plaquetéaria, todos fatores importantes na
aterosclerose (AKHILENDER; THIPPESWAMY, 2002).
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A curcumina tem apresentado maltiplas propriedades. Sabe-se que a curcumina se liga
a uma variedade de proteinas e inibe a atividade de diversas quinases. Modulando a acdo de
diversos fatores de transcricdo a curcumina regula a expressdo de diversos fatores
inflamatorios, citocinas e moléculas de adesdo (AGGARWAL et al., 2010).

Uma das propriedades mais bem estudadas da curcumina é a sua caracteristica
antiinflamatdria, tendo sido investigada em uma ampla variedade de doengas como infec¢do
pelo Helicobacter pylori (KOOSIRIRAT et al., 2010), retinopatia diabética (KOWLURU &
KANWAR, 2007), fibrose e inflamacdo hepatica induzida por compostos quimicos (WU et
al., 2010), obesidade induzida pela inflamacdo (AGGARWAL, 2010), dentre outras. A
propriedade antiinflamatéria da curcumina vem sendo relacionada a inibicdo de citocinas,
recrutamento tecidual de neutréfilos e a ativacdo do fator de necrose-xB (KIM et al., 2009;
ILBEY et al., 2009).

De acordo com Feng e colaboradores (2010), o efeito hipocolesterolémico da
curcumina se deve a inibicdo da expressédo de NPC1L1, o transportador chave do colesterol na
membrana celular. Kang e Chen (2009) concluiram que a curcumina suprime a expressao do
receptor da lipoproteina de baixa densidade, levando a inibi¢cdo de LDL induzida por ativacéo
das células hepaticas, assim possuindo efeito hipocolesterolémico.

Estudos tém demonstrado as propriedades antioxidantes da curcumina, agindo como
scavenger de espécies reativas de oxigénio, prevenindo a peroxidacgéo lipidica e a reducdo do
DNA modificado oxidativamente (VENKATESAN et al., 2000; KOWLURU & KANWAR,
2007; SEEHOFER et al., 2009).

Jaques e col. (2011) demostraram que hd uma interacdo positiva entre 0 composto
curcumina e a sinalizacdo purinérgica. O sistema purinérgico é caracterizado por ser uma via
de sinalizacdo importante em diversos tecidos, desencadeando multiplos efeitos celulares,
incluindo resposta imune, inflamacéo, dor, agregacdo plaquetaria, vasodilatacdo mediada pelo
endotélio, proliferacdo e morte celular (BURNSTOCK & KNIGHT, 2004).

O sistema purinérgico € composto por trés importantes componentes: nucleotideos e
nucleosideos extracelulares, receptores purinérgicos e as ecto-enzimas (ATKINSON et al.,
2006). Diferentes tipos celulares, como plaquetas, linfocitos, células endoteliais entre outros,
expressam distintos conjuntos de componentes de sinalizacdo purinérgica, permitindo a
formacdo de complexos personalizados de sinalizacdo purinérgica (Figura 9) (JUNGER,
2011).
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Figura 9 — Representacdo dos componentes do sistema purinérgico (Adaptado de JUNGER, 2011).

Os nucleosideos sdo moléculas resultantes da unido de uma base purica ou pirimidica
a uma pentose, um exemplo desta molécula € a adenosina. Uma vez que os nucleosideos séo
fosforilados por quinases especificas ocorre a formacdo de um nucleotideo. Os nucleotideos
desempenham func¢des importantes tanto no transporte quanto na transformacdo de energia
celular. Os principais nucleotideos que exercem funcdes bioldgicas sdo: a adenosina trifosfato
(ATP), a adenosina difosfato (ADP) e a adenosina monofosfato (AMP) (ATKINSON et al.,
2006).

Em condicgbes fisiologicas, os nucleotideos sdo encontrados no meio extracelular em
baixas concentracfes (DI VIRGILIO, 2001), isto devido a vérios fatores como a quantidade
liberada, os mecanismos de recaptacdo, situacGes de lise celular e a presenca de enzimas
como as ectonucleotidases (RATHBONE et al., 1999).

O ATP é um nucleotideo presente em praticamente todas as células vivas e tem um
papel fundamental no metabolismo energético (AGTERESCH et al., 1999). o ATP esta
envolvido em funcdes pro-inflamatdrias, como a estimulacdo e proliferacdo de linfécitos e
liberacdo de citocinas (TRAUTMANN, 2009). A modulacdo do processo inflamatério e da
resposta imune pelo ATP extracelular é complexa e resulta de efeitos especificos sobre uma
grande variedade de células imunes e ndo imunes. O ATP é capaz de desencadear funcGes
pro-inflamatorias nos neutrofilos, estimular a producdo de citocinas inflamatérias como IL-1 e
TNF e ainda estimular a proliferacéo de linfocitos (BOURS et al., 2006).
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Juntamente com o ADP, o ATP também é liberado dos grénulos plaquetarios no
momento em que estas células sofrem o processo de ativagdo. O ATP desempenha um duplo
efeito sobre a agregacdo das plaquetas: em baixas concentragdes ele induz a agregacéo
plaguetéria, enquanto que em altas concentracdes ele provoca a inibicdo deste fen6meno
(SOSLAU & YOUNGPRAPAKORN, 1997).

O nucleotideo ADP é o primeiro produto gerado na hidrdlise do ATP, sendo
conhecido por induzir a agregacdo plaquetéria, alterar a forma das plaquetas, aumentar o
calcio citosolico e inibir a adenilato ciclase ativada (PARK & HOURANI, 1999). O ADP ¢é
importante por regular a ativacdo e o recrutamento plaquetario (MARCUS et al., 1997). Em
situacOes de disfuncdo ou dano vascular, o ADP é liberado do interior de granulos existentes
nas plaquetas, sendo entdo considerado o agonista mais importante do recrutamento
plaquetario e o indutor da formacgéo de trombos no interior de vasos (MARCUS et al., 2003).
Ja o ADP em linfocitos ndo possui um papel definido (DI VIRGILIO et al, 2001).

O AMP é um metabdlito intermediario da hidrolise do ATP (BARSOTTI & IPATA,
2004) que exerce a funcdo de sinalizador em situacfes de desequilibrio no metabolismo,
servindo também como substrato para a formacdo da adenosina (CUNHA, 2001; LATINI &
PEDATA, 2001). A acdo do AMP em linfocitos é pouco definida, mas a adenosina
acumulada em excesso no meio extracelular pode contribuir para a imunodeficiéncia, pois
exerce um efeito toxico no desenvolvimento dessas células (LUTHJE, 1989; RESTTA et al.,
1997).

O nucleosideo adenosina pode ser liberado no meio extracelular como resultado da
degradacdo do ATP e do ADP por enzimas especificas (HUNSUCKER et al., 2005;
YEGUTKIN, 2008), ou através de transportadores na membrana das células que transportam
a adenosina de dentro das células para o meio extracelular (BOROWIEC et al., 2006). E
reconhecido por possuir propriedades anti-inflamatérias (CRONSTEIN, 1994),
vasodilatadoras, neuroprotetoras (JACOBSON et al, 2006) e imunossupressoras
(SPYCHALA et al., 1997), além de atuar como um potente inibidor da agregacdo plaquetaria
(BOROWIEC et al., 2006).

A sinalizacdo induzida por nucleotideos e nucleosideos correlaciona-se diretamente a
atividade de enzimas localizadas na superficie da membrana celular, as quais pertencem a
familia das ectonucleotidases, na qual regula as concentracdes dos nucleotideos extracelulares
nos tecidos (ZIMMERMAN et al, 2012). Mas, antes dos nucleotideos serem metabolizados
pelas ectonucleotidases, eles devem interagir com receptores especificos da membrana

plasmatica, os receptores purinérgicos (ZANINI, 2006).
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Os nucleotideos e nucleosideo de adenina podem exercer seus efeitos através da
ativacdo de receptores purinérgicos, que foram divididos conforme suas propriedades
farmacoldgicas e estruturais em trés principais familias (RALEVIC & BURNSTOCK, 1998):
receptores P2X, receptores P2Y e receptores P1. Os purinoreceptores do tipo 1 sdo mais
eficientemente ativados por adenosina, enquanto os receptores P2, principalmente por ATP
(Figura 10) (Ralevic & Burnstock , 1998).

ATP

P2 receptor
Al

E-NTPDase AP

or
E-NPP

Ecto-5'-NT

Adenosine

Figura 10- Receptores purinérgicos ligam o ATP extracelular e os produtos resultantes da hidrélise enzimética
do ATP por ectonucleotidases (Adaptado de Fields & Burnstock, 2006).

Os receptores P2X, que sdo especificos para o ATP, sdo caracterizados por serem
acoplados a canais i6nicos e apresentarem seus dominios carboxi e amino terminal voltados
para 0 meio intracelular, sendo que ja foram descritos sete subtipos deste receptor (P2X1-7)
(DI VIRGILIIO, 2001). Os receptores P2Y sdo receptores acoplados a proteina G, sendo que
14 subtipos deste receptor foram identificados (P2Y1-14). Os receptores P2Y1, P2Y11,
P2Y12 e P2Y13 respondem principalmente aos nucleotideos de adenina, ATP e ADP
(YEGUTKIN, 2008).

A adenosina, por sua vez, medeia seus efeitos através de receptores de adenosina

acoplados a proteina G. Existem quatro tipos de receptores: Aoa, Asg, Al € A3, 0s quais sdo
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proteinas transmembrana acopladas a proteina G, os dois primeiros ativam a adenilato ciclase,

enquanto os ultimos a inibem (Figura 11).

NI »> NDP > NMEP *> AGo

4y L L

P2X4.7 P2Y1.2.4.6,11,12,13,14 A12A.2B,3

Figura 11: Tipos de receptores para nucleotideos e nucleosideos de adenina (Yegutkin, 2008).

As concentracbes de ATP, ADP e adenosina no compartimento extracelular séo
controladas por enzimas que catalisam a sua conversao (Zimmermann et al., 2012). Estas
enzimas, chamadas ecto-enzimas, localizam-se ancoradas na membrana ou soldveis no meio
intersticial e agem sequencialmente formando uma cadeia enzimatica. Varias familias de
ectonucleotidases podem degradar os nucleotideos extracelulares, dentre os quais podemos
citar as E-NTPDases (Ecto-Nucleosideo Trifosfato Difosfohidrolase), a familia das E-NPPs
(Ecto- Nucleotideo Pirofosfatase/ Fosfodiesterase), 5'-nucleotidase e a adenosina deaminase
(ADA) (ROBSON et al., 2006 e YEGUTKIN, 2008) (Figura 12).
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Figura 12. Atividade catalitica e topografia de membrana para a familia das ectonucleotidases (Adaptado de
Zimmermann, 2001).

Estas enzimas atuam em conjunto, formando uma cadeia enzimatica que tem inicio
com a acdo da E-NTPDase e da E-NPP, as quais catalisam a hidrolise do ATP e do ADP
formando AMP. A seguir a enzima 5’-nucleotidase hidrolisa a molécula do AMP formando
adenosina, que por fim é desaminada pela ADA gerando inosina (GODING, 2000;
ZIMMERMANN, 2001).

E-NTPDases (Ecto-nucleosideo trifosfato difosfoidrolase, CD39, apirase, ATP-
difosfoidrolase, E.C 3.6.1.5) é o termo usado para designar uma familia de enzimas
responsaveis pela hidrolise de nucleotideos tri e difosfatados (PAPANIKOLAQU et al.,
2005). Estas enzimas requerem concentragdes milimolares de Ca®* ou Mg?* para exercerem
suas atividades (ZIMMERMANN, 2001).

Essa classe de enzimas inclui oito membros (NTPDases 1-8) o0s quais sdo
diferenciaveis através da preferéncia por um ou outro substrato, pela presenca de cations
divalentes e também pelo tipo de produto formado. As NTPDases 1,2,3 e 8 sdo enzimas
localizadas na superficie celular, com sitio catalitico localizado extracelularmente, enquanto
nas NTPDases 4, 5 6 e 7 este parece estar localizado intracelularmente (Figura 13)
(ROBSON et al., 2006).
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Figura 13: Membros da Familia das E-NTPDases (Robson et al., 2006)

Estruturalmente, os membros desta familia possuem cinco regides denominadas
regibes conservadas da apirase (ACRs), que apresentam grande similaridade na sequéncia de
aminodacidos e estdo envolvidas no reconhecimento do substrato, na ligacdo e na hidrdlise
(ZIMMERMANN, 2001). Existem evidéncias sugerindo que as diferencas na preferéncia pelo
substrato, nessa familia de enzimas, pode ser atribuida a pequenas diferengas na estrutura
proteica que afetaria a ligacdo do substrato (ZIMMERMANN, 2001; ROBSON et al., 2006).

A NTPDase-1 foi primariamente identificada como um antigeno de ativacao (CD39),
que esta ancorada a membrana via dois dominios transmembrana e que hidrolisa os nucleotideos
ATP e ADP em proporcdes semelhantes. E a principal ectonucleotidase presente na rede
vascular, podendo também estar presente a NTPDase-2 (ENJYQJI et al., 1999; ROBSON et
al., 2006). Encontrada também linfocitos, plaquetas e as células endoteliais, tendo um papel
importante na regulacdo do fluxo sangliineo e da trombogénese (PILLA et al., 1996;
ZIMMERMANN, 2001; LEAL et al., 2005). Desempenha papel importante no sistema
hemostatico, uma vez que ela controla os efeitos pro-tromboticos e pro-inflamatérios de
nucleotideos como o ATP e o ADP (YEGUTKIN, 2008). A NTPDase-1, presente nas células
endoteliais e membrana de plaquetas, converte 0 ATP em ADP e subsequentemente o ADP,
um nucleotideo promotor da agregagdo, em AMP.

Dentre as principais fungdes imunoreguladoras mediadas pela atividade da NTPDase-

1 estdo a expressdo de citocinas, a adesdo célula-célula, a proliferacdo celular, a apoptose via
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modulacdo dos niveis de ATP, e a produgdo de adenosina, que possui efeitos
imunossupressores (MIZUMOTO et al., 2002; ROBSON et al., 2006).

A enzima 5’-nucleotidase (E.C 3.1.3.5, CD73) é uma glicoproteina ancorada a
membrana, sendo responsavel pela hidrdlise de nucleotideos monofosfato formando
adenosina (Figura 14) (ZIMMERMANN, 2001; COLGAN et al., 2006).

NH..

Figura 14 - Estrutura da ecto-5’-nucleotidase ancorada a membrana (ZIMMERMANN, 2001).

Amplamente distribuida em bactérias, plantas e animais, a enzima catalisa a hidrolise
da liga¢do fosfodiéster de varios nucleosideos 5°- monofosfatados a seus respectivos
nucleosideos (ZIMMERMANN, 1996). E expressa em varios tecidos, como por exemplo, no
tecido nervoso, o renal e 0 hepatico; e em diferentes tipos celulares entre os quais as plaquetas
e linfocitos (ZIMMERMANN et al., 1992).

Sete membros ja foram caracterizados apresentando diferentes localizagcfes: cinco
estdo localizadas no citosol, uma na matriz mitocondrial e uma ancorada na membrana
plasmética. Todas as formas citoplasméticas sdo dependentes de Mg** (BOROWIEC et al.,
2006). Elas diferem entre si por suas propriedades moleculares e cinéticas bem como pela
especificidade com o substrato. Sabe-se que a adenosina, o produto da acdo catalitica da
enzima 5’-nucleotidase, exerce diversos efeitos em varios tecidos 0s quais sdo consequéncia
de sua ligacdo aos diferentes tipos de receptores encontrados nestes locais (BOROWIEC et
al., 2006).

Embora a 5’-nucleotidase hidrolize uma variedade de nucleosideos 5’-
monofosfatados, foi demonstrado que possui maior afinidade por AMP, com valores de Km
na faixa de micromolaridade, sendo por isto considerada a principal enzima responsavel pela
formacdo de adenosina (ZIMMERMANN, 1996; ZIMMERMANN, 2001).
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Assim, de acordo com a sua localizagéo tecidual, ela desempenha importantes fungoes
como, por exemplo, no controle da agregacao plaquetéria, na regulacdo do ténus vascular e
também na neuromodulacdo e neuroprote¢do do sistema nervoso central (ZIMMERMANN et
al., 1998; KAWASHIMA et al., 2000; DUNWIDDIE & MASINO, 2001).

A familia das NPPs (nucleotideo pirofosfatase/ fosfodiesterase, E.C. 3.1.4.1) inclui sete
membros (NPP1-7), localizadas na superficie celular, expressas como ectoenzimas
transmembranas ou como enzimas secretadas (Figura 15). As E-NPPs desempenham vérios
papéis fisiologicos dentre os quais destacam-se: reciclagem de nucleotideos, regulacdo dos
niveis extracelulares de pirofosfato e o estimulo da motilidade celular. Também
desempenham fungdes como a formacdo dos ossos, a motilidade celular, as metastases
tumorais e a resisténcia a insulina em diabetes do tipo 11 (GODING et al., 2003; STEFAN et
al., 2006).
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Figura 15 — Representacdo estrutural da familia E-NPP (STEFAN et al., 2006).

As E-NPPs hidrolisam ligacdes pirofosfato ou fosfodiéster em uma ampla variedade
de substratos, como nucleotideos, acidos nucléicos, fosfoésteres de colina e fosfolipideos,
resultando na liberacdo de 5’-monofosfatos (BOLLEN et al., 2000; GODING et al., 2003;
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STEFAN et al., 2005), porém as diferentes isoformas apresentam especificidade por
determinados substratos (STEFAN et al., 2006).

As NPP1-3 estdo envolvidas na hidrolise de nucleotideos e as NPPs 6-7 hidrolisam
ligagdes fosfodiéster em fosfolipideos e fosfoésteres de colina. Notavelmente a NPP-2
hidrolisa tanto fosfolipideos quanto nucleotideos (STEFAN et al., 2006). Relata-se também a
existéncia das NPPs 4 e 5, porém pouco se sabe sobre sua atividade catalitica (GODING et
al., 2003). Embora essa familia de enzimas esteja envolvida na hidrélise de nucleotideos de
adenina, elas também podem hidrolisar GTP, TTP, CTP e UTP com eficiéncia similar
(VOLLMAYER et al., 2003).

Exceto a NPP2, todas as demais NPPs tém um Unico dominio transmembrana. As
NPPs 1 e 3 ttm uma orientacdo transmembrana do tipo Il, com sua por¢cdo amino-terminal
voltada para o meio intracelular, enquanto que as NPPs 4-7 tém um orientacao do tipo I, com
sua porcdo amino-terminal voltada para o meio extracelular. A NPP2 sO existe como uma
proteina soltvel (STEFAN et al., 2005; STEFAN et al., 2006).

Todas as NPPs tém voltado para o meio extracelular, um dominio catalitico, com 60%
de identidade de aminoacidos entre as diferentes isoformas da enzima (STEFAN et al., 2005;
STEFAN et al., 2006). Esse dominio catalitico ¢ fixado a membrana por uma “haste” que
consiste de porc¢des ricas em cisteina (GODING, 2000). Devido ao fato de seu sitio catalitico
ser voltado para o meio extracelular essa familia de enzimas é denominada ecto-NPPs (E-
NPPs) e funcionam, in vitro, em pH alcalino entre 8.5-8.9 (GODING, 2000).

As NPPs sdo metaloenzimas e sua atividade pode ser bloqueada por quelantes de
metais, sendo que a atividade pode ser restaurada pela adicdo de cations divalentes como
Mg?*, Ca**, Mn** e Zn* (BOLLEN et al., 2000).

Em vista de esta enzima ter sido caracterizada na membrana plaquetéria e, devido ao
fato de apresentar propriedades cataliticas semelhantes a E-NTPDase, pressupdem-se que haja
uma co-expressao da E-NTPDase, da E-NPP e da 5’-nucleotidase nesta célula. Com isso,
pode-se dizer que elas constituem uma cadeia enzimatica responsavel pela hidrélise
extracelular de nucleotideos (FURSTENAU et al., 2006).

A enzima adenosina desaminase (ADA, E.C 3.5.4.4) também faz parte do conjunto de
enzimas responsaveis pela degradacdo sequencial dos nucleotideos e nucleosideos na
circulacdo. A ADA é responsavel pela desaminacdo da adenosina com a consequente
producdo de inosina regulando, com isso, as concentracdes pericelulares e locais deste
nucleosideo (RESTA et al., 1998; ROBSON et al., 2006).
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A ADA apresenta uma localizacdo citosélica, mas pode também estar localizada na
superficie da membrana celular, como uma ectoenzima (YEGUTKIN, 2008). Esta enzima é
encontrada em praticamente todos os vertebrados. Em humanos, j& foram descritas duas
formas moleculares da ADA. S&o elas a ADAl e a ADAZ2, que se diferenciam por
caracteristicas como peso molecular, propriedades cinéticas e distribuicdo tecidual
(HIRSCHHORN & RATECH, 1980; UNEGERER et al., 1992).

A ADAL esté presente em todos os tecidos humanos, apresentando alta atividade em
linfocitos e mondcitos, e representa a maior parte da atividade da ADA total. Apesar de sua
localizacdo intracelular, a ADAL pode estar combinada com uma glicoproteina dimérica ndo
especifica, designada como proteina combinante (CP), formando o complexo ADA-CP que
forma uma ecto-ADA, encontrada na superficie celular (TSUBOI et al., 1995). Sabe-se que a
ecto-ADA é responsavel por grande parte do desaparecimento da adenosina circulante nesse
meio. Aparentemente ndo existem diferencas, tanto cataliticas quanto moleculares, entre a
enzima presente no citosol e a ecto-ADA. Esta evidéncia deve-se ao fato de que apenas 1 gene
para a ADA foi encontrado, demonstrando que as sequéncias proteicas das duas enzimas sao
idénticas (FRANCO et al., 1997).

A ADAZ ¢ a isoenzima predominante no soro e representa a menor parte da atividade
da ADA total em tecidos (ZUKKERMAN et al., 1980). Diferentemente da ADA1, a ADA2
apresenta diferencas tanto estruturais quanto cinéticas e é encontrada predominantemente no
soro de individuos normais (UNGERER et al., 1992). A ADA2 representa a menor parte da
atividade da ADA total em tecidos. A maioria das células humanas contém pequena
quantidade de ADA2 e provavelmente sua maior fonte seja o sistema mondcito-macrofago
(GAKIS, 1996). Dados recentes tém sugerido que ADA2 no plasma humano pode ser
secretada por mondcitos ativados em processos inflamatorios, tendo a habilidade de regular a
proliferacdo celular (IWAKI-EGAWA et al., 2006).

A ecto-ADA por ser principalmente encontrada em linfocitos de sangue periférico de
humanos, desempenha um papel chave no sistema imune, uma vez que esta diretamente
relacionada com a proliferacdo, a maturacédo e a funcao destas células (GORELL et al., 2001).

A regulacdo da concentracdo da adenosina extracelular foi uma das primeiras funcdes
fisiologicas atribuidas a ecto-ADA, logo apos sua descoberta na membrana celular (FRANCO
et al., 1997). A adenosina é liberada de células, dependendo da sua concentragdo intracelular
ou ser proveniente da degradacdo do ATP extracelular devido a ac¢do de ecto-nucleotidases. O
controle da sinalizacdo adenosinérgica também pode ser exercido através da via de

recuperacdo da adenosina através de transportadores de nucleosideos, seguida por fosforilagdo
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a AMP pela adenosina quinase ou desaminagio a inosina pela ADA citosolica (HASKO &
CRONSTEIN, 2004).

Diversos estudos garantem que mudancas na atividade da ADA refletem alterac6es na
imunidade (ADAMS et al., 1976; FISCHER et al., 1976; UNGERER et al., 1992). Ela tem
sido aceita como uma importante enzima na maturagdo e funcdo dos linfocitos T,
relacionando-se com proliferacdo e diferenciacéo linfocitica (GALANTI et al., 1981).

Considerando que as respostas imune, inflamatéria e vascular desencadeadas pela
hipercolesterolemia, sdo moduladas por nucleotideos e nucleosideos, que se correlacionam
diretamente com a atividade das ecto-nucleotidases do sistema purinérgico, torna-se relevante
e de interesse cientifico investigar a atividade dessas enzimas participantes da degradacgdo de
nucleotideos e nucleosideos da adenina em plaquetas de ratos induzidos a hipercolesterolemia

tratados com curcumina e submetidos ao exercicio fisico.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar a atividade das ecto-enzimas do sistema purinérgico em ratos com

hipercolesterolemia induzida, tratados com curcumina e submetidos ao exercicio fisico.

2.2 Objetivos especificos

Em ratos normais e com hipercolesterolemia induzida, tratados com curcumina e
submetidos ao exercicio fisico:
e Avaliar a atividade das enzimas E-NTPDase e E-5’-nucleotidase em plaquetas.
e Analisar a atividade da enzima E-NPP em plaguetas.
e Determinar a atividade da enzima adenosina desaminase (E-ADA) em plaquetas.

e Avaliar o perfil de agregacao plaquetaria.
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3 MANUSCRITO

Os resultados que fazem parte desta dissertacdo estdo apresentados sob a forma de
manuscrito. Os itens Materiais e Métodos, Resultados, Discussao e Referéncias Bibliograficas
encontram-se compondo o proprio manuscrito e representam a integra deste estudo.

O manuscrito serd submetido a revista Biochimie.
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Abstract

Introduction: Hypercholesterolemia is a metabolic disorder, as risk factor for the
atherosclerosis. Platelets accumulated within atherosclerotic lesions, can recruit additional
platelets to form a thrombus. Studies show that physical exercise can cause changes in lipid
profile, as well as curcumin, a natural phenolic compound, which has anti-inflammatory and
hypocholesterolemic properties. Extracellular nucleotides have functions including
thrombus regulation by exerting of effects on platelets. The ecto-enzymes (E-NTPDase, E-
5’-nucleotidase, E-NPP, E-ADA) regulates the concentration of extracellular adenine
nucleotides and nucleoside.

Objective: This study objective investigated the effect of curcumin and physical exercise in
modulating the purinergic system in rats with induced hypercholesterolemia.

Materials and methods: The rats were divided in 8 groups: standard diet, standard diet more
curcumin, standard diet more physical exercise, standard diet more physical exercise and
curcumin, hypercholesterolemic diet, hypercholesterolemic diet more curcumin,
hypercholesterolemic diet more physical exercise, and hypercholesterolemic diet more
physical exercise and curcumin. The activities of ecto-enzymes were measured in platelets
these rats.

Results: It was observed an increase in ATP and ADP hydrolysis of rats induced to
hypercholesterolemia. When these rats were treated with curcumin and submitted to
physical exercise, the physical exercise per se was able to further enhance the hydrolysis of
ATP. In the hydrolysis of ADP, it was observed a decrease in E-NTPDase activity when
hypercholesterolemic rats were treated with curcumin and physical exercise per se, well as
when it was associated with curcumin and physical exercise. The activities of E-5-
nucleotidase, E-NPP and E-ADA and platelet aggregation, did not revealed statistical
difference between the groups with standard diet and hypercholesterolemic groups.
Conclusion: Results demonstrate that this hypercholesterolemic diet changes the purinergic
signaling in platelets and that treatment with curcumin and physical exercise was able to

modulate hydrolysis of nucleosides and nucleotides adenine this experimental condition.

Key words: Hypercholesterolemia, platelets, curcumin, physical exercise, ecto-enzymes.
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1. Introduction

Hypercholesterolemia is a metabolic disorder characterized by high levels of serum
low density lipoprotein and blood cholesterol [1]. It is epidemiologically linked to
cardiovascular disease, as a major risk factor and determinant for the development of
atherosclerosis. Atherosclerosis is a chronic inflammatory disease characterized by the
presence of lipid abnormalities, endothelial dysfunction, inflammation and also
accumulation of platelets on the artery walls [2,3,4].

Platelets accumulated within atherosclerotic lesions, can recruit additional platelets
to form a thrombus, indicating that the arterial wall can assume both an inflammatory and
prothrombogenic phenotype when blood cholesterol levels are elevated [5]. Platelets are
one of the most important blood components that participate and regulate thrombus
formation by releasing active substances, such as ADP [6]. The nucleotide ATP is involved
in inflammatory processes and plays an important role in platelet aggregation, depending on
its concentration and binding to specific receptors [7]. High concentrations of ATP inhibit
platelet aggregation induced by ADP. AMP, a breakdown product of ATP and ADP, is
hydrolyzed to adenosine, which has a potent inhibitory activity on platelet aggregation [8].

ATP, ADP and AMP are member of an important class of extracellular molecules,
that interact with the purine receptors in cell surface, that mediate biological effects, such as
platelet aggregation [9]. Extracellular nucleotides have important functions including tissue
development, blood flow, secretion, inflammation [10], and regulate the vascular response to
endothelial damage by exerting a variety of effects on platelets [11]. The signal induced by
these molecules is directly correlated to enzyme activity on the surface of the cell
membrane. These enzymes belong to the family of ecto-enzymes, which regulates the
concentration of extracellular nucleotides in the tissue [12].

E-NTPDase (CD39, ecto-apyrase, ATP diphosphohydrolase, EC 3.6.1.5) is a
glycosylated, membrane-bound enzyme that hydrolyzes ATP and ADP to AMP, which is
subsequently converted to adenosine by E-5’-nucleotidase (EC 3.1.3.5, CD73) [12,13]. E-
NTPDase and E-5’-nucleotidase play an important role in the regulation of blood flow and
thrombogenesis by regulating ADP catabolism [14]. The family of NPP (nucleotide
pyrophosphatase/phosphodiesterase) hydrolyzes ATP and ADP, and other nucleotides to
AMP [12,15]. Besides these enzymes, there is adenosine deaminase (ADA), which can also
be located on the surface of the membrane, as ecto-enzymes [15], which catalyzes the

irreversible deamination of adenosine in to inosine [16].
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Considering that saturated fats present in the diet cause alterations in lipid composition
of plasma membranes, affecting the activity of enzymes [17], changes in lifestyle, such as
physical exercise, can cause changes in the lipid profile [18,19]. Physical Exercise increases
the expense of ATP, which is a primary source of energy for the cell, and also burning body
fat that would otherwise accumulate in individuals who consume more energy than it needs.
In this sense, the exercise promoting cardiovascular health, as it limits the development of
atherosclerosis. The protective effect of a physically active lifestyle is associated with chronic
inflammatory diseases; this can be attributed to an anti-inflammatory effect of exercise [20].
Among the physical exercises, swimming has been used as a model of physical exercise in
rats to evaluate cardiovascular adaptations to exercise [21].

In addition to physical exercise, another therapeutic option for hypercholesterolemia
that has been studied is curcumin, a polyphenol present in the rhizome of Curcuma longa
plant, which has antioxidant, anti-inflammatory [22,23] and hypocholesterolemic effects
[24,25] and prevents the accumulation of triglycerides in the liver and adipose tissue [26]. It
also has strong ability to prevent lipid peroxidation, stabilize cell membranes and inhibit
platelet aggregation, all important in atherosclerosis [27].

The hypercholesterolemia it is a condition associated with inflammatory disorders
and also adhesion and recruitment of platelets, these being important in maintaining
homeostasis, preventing the endothelial dysfunction and consequent generation of injury.
Based on this fact, this study aimed to evaluate the effect of curcumin and physical exercise

in modulating the purinergic system in rats with induced hypercholesterolemia

2. Materials and methods

2.1 Chemicals

The substrates adenosine 5’-triphosphate disodium salt (ATP), adenosine 5’-
diphosphate sodium salt (ADP), 5’-monophosphate sodium salt (AMP), thymidine 5°’-
monophosphate p-nitrophenyl ester sodium salt (p-Nph-5’-TMP), adenosine, as well as
bovine serum albumin, Trizma base, HEPES and Coomassie Brilliant Blue G were obtained
from Sigma-Aldrich (St. Louis, MO, USA). K;HPO, was purchased from Reagen and
Tetrabutylammonium chloride from Merck (Darmstadt, Germany). All the other chemicals

used in this experiment were of analytical grade and of the highest purity.
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2.2 Animals

Male Wistar rats (approximately 200g), obtained from the Central Animal
Laboratory of the Universidad Federal de Santa Maria (UFSM) were used in this
experiment. They were housed four/three per cage in a cycle of 12/12h light and dark
maintained artificially. The animals were kept in a temperature range of 21-22° C and 60-
65% relative humidity, with free access to water. All animal procedures were approved by
the Ethics Committee on Animal Experiments of UFSM (protocol under number: 121/2010).

2.3 Diet

The rats used in this study were randomly divided into eight groups, namely, a
standard diet (C), standard diet along with curcumin (CC), standard diet along with physical
exercise (PE), standard diet along with physical exercise and curcumin (CCPE), diet
hypercholesterolemic (H), hypercholesterolemic diet along with curcumin (HCC),
hypercholesterolemic diet along with physical exercise (HPE), and hypercholesterolemic
diet along with physical exercise and curcumin (HCCPE).

The standard diet was performed according to the publication Nutrient Requirements
of Laboratory Animals [28], while the hypercholesterolemic diet was performed with some
modification, as shown in Table 1. According with this study, the normal concentration of
fat in the diet to rats range between 20% and 30% of the total content of macronutrients
(carbohydrate, fat and protein). A diet with a fat percentage above it is already considered a

high lipid content.

Table 1: Composition of diet.

Ingredients Standard diet Hypercholesterolemic diet
Corn starch 15% 9%

Sugar 50% 18,5%

Albumin 20% 20%

Animal fat - 38%

Vegetable fat 5% 5%

Fiber 5% 4,5%

Vitamins e minerals 5% 5%

TOTAL 100% 100%

The animals were fed the diets for a period of one month to induce
hypercholesterolemia. After induction, continued receiving the diet for another month where
the treatment was performed. Tests were conducted to check for total cholesterol and its

fractions, by cardiac puncture, to verify the induction of hypercholesterolemia. After being
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detected hypercholesterolemia animals continued on their respective diets and to start the
treatment in hypercholesterolemic rats. The measurement of diet fed per day per rat was
10% of body weight according to Harkness and Wagner [29].

2.4 Treatment with curcumin

Curcumin was administered by gavage once a day, five days week, for a period of 1
month. It was diluted in corn oil (1mL/kg), in a dose of 25 mg/kg/day, and administered
after the detection of hypercholesterolemia. The dose 25 mg/kg/day was used previously in
our group and prevented changes in the purinergic system caused by exposure to cigarette

smoke [30]. Curcumin was acquired from Sigma Chemical Co. (St. Louis, MO).

2.5 Practice of physical exercise

The swimming protocol was followed according to the proposed by Orenstein et al
[31] with some training modifications. It started with 10 min/d initially, and increased by an
additional 10 min/day until the mice were swimming continuously for 40 min /d. Swim
frequency was 5 day/week for a total duration of one month. The rats swam in a 60cm-deep
tub with water temperature maintained at 35°C in groups of seven animals, and were
toweled dry after each session. The study protocol was performed after the detection of
hypercholesterolemia and lasted one month and during this period, the rats continued

receiving hypercholesterolemic diet.

2.6 Preparation of biological samples
At the end of the experiment, the rats were anesthetized with isoflurane and whole
blood was collected by cardiac puncture after thoracotomy and transferred to the vacuum

tubes with sodium citrate 3.5% for the tests.

2.7 Platelet preparation and Cellular integrity

Platelets were prepared by the method of Pilla et al. [13] modified by Lunkes et al.
[32]. Briefly, blood was collected into 0.129 M sodium citrate and centrifuged 160x g for 15
min. The platelet-rich plasma was centrifuged at 1400 x g for 30 min and washed twice with
3.5 mM HEPES isosmolar buffer containing 142 mM NaCl, 2.5 mM KCI and 5.5 mM
glucose. The washed platelets were resuspended in HEPES isosmolar buffer and protein was
adjusted to 0.4-0.6 mg/mL and used to determine enzymatic activities. The integrity of the

platelet preparation was confirmed by determining the lactate dehydrogenase (LDH) activity
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using the kinetic method of the Labquest apparatus (Diagnostics Gold Analyzer). The
procedure was repeated before and after the incubation period. The protocol was carried out
according to the manufacturer's instructions. Triton X-100 (1%, final concentration) was used
to disrupt the platelet preparation. The enzymatic activity is expressed as units per liter, and
one unit (1U) corresponds to 1 umol of NADH formed per minute per liter.

2.8 E-NTPDase and E-5-nucleotidase activity determination

The E-NTPDase enzymatic assay was carried out in a reaction medium containing 5
mM CaCl,, 100 mM NacCl, 4 mM KCI, 5 mM glucose and 50 mM tris- HCI buffer, pH 7.4,
at a final volume of 200 uL as describe by Lunkes et al [32]. For AMP hydrolysis, the 5°-
nucleotidase activity was carried out as previously described, except that the 5 mM CacCl,
was replaced by 10 mM MgCl,. Twenty microliters of the enzyme preparation (8-12 ug of
protein) was added to the reaction mixture and pre-incubation proceeded for 10 min at 37°C.
The reaction was initiated by the addition of ATP or ADP at a final concentration of 1.0
mM, and AMP at a final concentration of 2 mM, and the time of incubation was 60 min.
Both enzyme assays were stopped by the addition of 200 uL of 10% trichloroacetic acid
(TCA) to provide a final concentration of 5%. Subsequently, the tubes were chilled on ice
for 10 min. Released inorganic phosphate (Pi) was assayed by method of Chan et al. [33],
using malachite green as the colorimetric reagent and KH,PO, as standard. Controls were
carried out to correct for nonenzymatic hydrolyses of nucleotides by adding enzyme
preparation after TCA addition. All samples were run in triplicate. Enzyme-specific

activities are reported as nmol Pi released/min/mg of protein.

2.9 E-NPP activity determination in platelets

The E-NPP activity from platelets was assessed using p-nitrophenyl 5’- thymidine
monophosphate (p-Nph-5’-TMP) as substrate as described by Firstenau et al [34]. The
reaction medium containing 50 mM Tris-HCI buffer, 120 mM NaCl, 5.0 mM KCI, 60 mM
glucose and 5.0 mM CaCl,, pH 8.9, was preincubated with approximately 20 ug per tube of
platelet protein for 10 min at 37 °C to a final volume of 200 pL. The enzyme reaction was
started by the addition of p-Nph-5’-TMP at a final concentration of 0.5 mM. After 80 min of
incubation, 200 uL NaOH 0.2N was added to the medium to stop the reaction. The amount
of p-nitrophenol released from the substrate was measured at 400 nm using a molar
extinction coefficient of 18.8x 10°/M/cm. Controls to correct nonenzymatic substrate

hydrolysis were performed by adding platelet preparations after the reaction had been
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stopped. All samples were performed in triplicates. Enzyme activities were expressed as
nanomole of p-nitrophenol released per minute per milligram of protein (nmol p-nitrophenol
released/min/mg protein). On the platelet surface, E-NPP has catalytic activity in an
optimum alkaline pH between pH 8.5 and 9.0, differently from E-NTPDase, which presents
catalytic activity in an optimum pH between pH 7.5 and 8 [35]. Therefore, a Tris—HCI
buffering system (pH 8.9) was used to perform the E-NPP activity assay, since the
hydrolysis of the nucleodylated intermediate occurs at this pH and at lower pH values, the
specific activity is decreased, as previously defined by Firstenau et al. [34].

2.10 Adenosine deaminase activity determination (E-ADA)

E-ADA activity from platelets was determined according to Giusti and Galanti [36],
which is based on the direct measurement of the formation of ammonia, produced when
adenosine deaminase acts in excess of adenosine. Briefly, 50 uL of platelets reacted with 21
mmol/L of adenosine, pH 6.5, and was incubated at 37 °C for 60 min. The protein content
used for the platelet experiment was adjusted to between 0.7 and 0.9 mg/mL. Results were
expressed in units per liter (U/L). One unit (1 U) of ADA is defined as the amount of
enzyme required to release 1 mmol of ammonia per minute from adenosine at standard assay

conditions.

2.11 Platelet aggregation

Platelet aggregation was measured by the method of Born and Cross [37], 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, data concerning the assays and reagents
were entered on a computer coupled to the equipment, and the patient’s test was then
performed. Aggregation was measured at 37°C and expressed as the maximal percent
change in light transmittance from baseline at 5 min after the addition of the agonist ADP at
concentration of 10 uM, with platelet poor plasma as a reference. The results were expressed

as percentage of aggregation.
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2.12 Biochemical analysis

Serum total cholesterol, HDL-cholesterol and triglyceride were determined through
Diagnostic kit Labtest through SA, colorimetric mode. The serum AST, ALT were performed
through of kit Labtest Diagnostica SA, mode kinetic UV-IFCC. The Alkaline phosphatase
activity also was performed through the kit Labtest Diagnostic SA, mode colorimetric

(modified Roy). LDL-cholesterol level was calculated by formula of Friendewald et al. [38].

2.13 Protein determination

Protein content was measured by the Coomassie Blue method according to Bradford
[39], using bovine serum albumin as the standard. This assay is based on the binding of the
dye Coomassie Blue G-250 to protein, and this binding is accompanied by measuring the

absorbance maximum of the solution at 595 nm.

2.14 Statistical analysis

The statistical analysis was performed using Student’s t test for independent sample
to demonstrate the induction of hypercholesterolemia and of total cholesterol, LDL
cholesterol, HDL cholesterol and triglycerides, before and after treatment. One-way
ANOVA, Dunnett's Multiple Comparison Test, to evaluate the food consumption, body
weight, AST, ALT and Alkaline phosphatase. Three-way ANOVA, followed by the Duncan
multiple range test to evaluate the ecto-enzymes. P < 0.05 was considered to represent a
significant difference among the analyses used. All data were expressed as mean + SEM and

were performed using the Statistical Analysis System (SAS) version 9.0 software.

3. Results

3.1 Cellular integrity
LDH activity measurement showed that approximately 5% of the platelets of both
groups was disrupted, indicating that the preparation was predominantly intact after the

isolation procedure.

3.1 Hypercholesterolemia induced
The results of total cholesterol, LDL cholesterol, HDL cholesterol and triglycerides
tests to demonstrate the induction of hypercholesterolemia after one month of

hypercholesterolemic diet, are shown in Table 2. A significant increase in the levels of total
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cholesterol and LDL and decreased HDL were observed in hypercholesterolemic rats when
compared to control rats (P<0.05; n=28). Triglycerides measurement showed no significant

difference in hypercholesterolemic rats when compared to control rats (P>0.05; n=28).

3.2 Food consuption and body weight

The results obtained for the food consumption and body weight are presented in
Tables 3 and 4 respectively. As can be observed, the food consumption was not
significantly different when compared to the control group (P>0.05; n= 7). As body weight
was significantly increased in groups: curcumin per se (CC), hypercholesterolemic group
(H) and hypercholesterolemic group receiving treatment with curcumin (HCC), when

compared with the control group (P<0.05; n=7).

3.3 Biochemical analysis

Determinations of total cholesterol, HDL-cholesterol, LDL-cholesterol and
triglyceride from control rats and rats hypercholesterolemic, before and after treatment are
demonstrated in Table 5. The results shows a significant reduction of total cholesterol and
LDL cholesterol and a significant increase in HDL cholesterol levels in HCC, HPE and
HCCPE groups after receiving treatment with curcumin, physical exercise and curcumin and
physical exercise together, when compared before treatment. There was also a decrease in
LDL cholesterol in control rats along with curcumin (CC) after treatment, when compared
before treatment (P<0.05; n=7).

The activities of AST, ALT and alkaline phosphatase in serum are demonstrated in
Table 6, where no significant differences were observed in hypercholesterolemic rats when

compared the control group (P>0.05; n=7).

3.4 E-NTPDase activity

The ATP and ADP hydrolysis by E-NTPDase in platelets are showed in Fig.1.
Statistical analysis demonstrated an increase in ATP hydrolysis in the group receiving
hypercholesterolemic diet (H) (22,944,2; n=7; P<0.05) as compared with the group
receiving standard diet control (C) (10,6+2,7; n=7; P<0.05). In the group HPE, ATP
hydrolysis was significantly increased (38,6+12,3; n=7; P<0.05)when compared to the H
group (22,9+4,2; n=7; P<0.05), thus showing the physical exercise that was able to further

enhance the hydrolysis in rats with hypercholesterolemia, compared to control. In the other
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groups [HCC (25,02+2,1; n=7; P>0.05), HCCPE (31,2+8,4; n=7; P>0.05)] there were no
significant differences when compared to the H group (22,9+4,2; n=7; P>0.05). The
treatment with CC (15,9+4,5; n=7; P>0.05) PE (11,6%2,5; n=7; P>0.05) or CCPE per se
(15,7+2,4; n=7; P>0.05) in the standard diet group did not improved the ATP hydrolysis
when compared to the C group (10,6£2,7; n=7; P>0.05) (Fig. 1A). Statistical analysis for
ADP hydrolysis showed a significant increase in ADP hydrolysis in the H group (22,2+3,04;
n=7; P<0.05) when compared to the C group (14,9+2,01; n=7; P<0.05). In the HCC
(12,0242,1; n=7; P<0.05), HPE (14,620,3; n=7; P<0.05) and HCCPE (15,2+4,1; n=7;
P<0.05) groups with the high-fat diet show a decrease significant difference in the ADP
hydrolysis when compared to the H group 22,2+3,04; n=7; P<0.05). In the group with
standard diet the use of PE (20,5+4,2; n=7; P<0.05) and CCPE per se (23,2+1,04; n=7,
P<0.05) increased significantly the ADP hydrolysis when compared to the C group
(14,9+2,01; n=7; P<0.05) (Fig. 1B).

3.5 E-5-nucleotidase activity
The AMP hydrolysis in platelets is showed in Fig.2. Statistical analysis for AMP
hydrolysis did not revealed statistical difference between the groups with a standard diet and

hypercholesterolemic groups (P>0.05, n=7).

3.6 E-NPP activity
Results obtained for the E-NPP activity are shown in Fig. 3. The results obtained did
not revealed statistical difference between the groups with a standard diet and

hypercholesterolemic groups (P>0,05, n=7).

3.7 E-ADA activity
E-ADA activity in the platelets is shown in Fig. 4. The results obtained did not
revealed statistical difference between the groups with a standard diet and

hypercholesterolemic groups (P>0.05, n=7).

3.8 Platelet aggregation
Fig. 5 presents the results obtained for platelet aggregation using ADP 10uM as an
agonist. The results obtained did not revealed statistical difference between the groups with

a standard diet and hypercholesterolemic groups (P>0.05, n=7).
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4. Discussion

Hypercholesterolemia is widely accepted as one of the major risk factors for the
development of atherosclerosis [40]. The inflammatory process induced by
hypercholesterolemia is not limited to large arteries. Low-density lipoprotein is a major
carrier of cholesterol in the circulation, and can play an important role in atherogenesis if it
undergoes oxidative modification by endothelial cells, vascular smooth muscle, or
macrophages within the arterial wall [41]. Changes in the activity of ecto-enzymes, such as
NTPDase were observed in some diseases such as multiple sclerosis [42], rheumatoid
arthritis [43], ischemic heart disease [44] and lung cancer [45], indicating that NTPDase is
an important enzyme of nucleotide hydrolysis in many pathologies, including
hypercholesterolemia.

Data from the literature demonstrates that high-fat diet is associated with
cardiovascular disease, endothelial dysfunction and inflammation. In line with this, the
present study explored the effects of treatment with curcumin and physical exercise in
hyperclesterolemics rats on the enzyme activity of the purinergic system in platelets these
rats. First, it was observed that curcumin per se was not able to alter enzyme activity when
administered to rats with standard diet. These results are in accordance with the study of
Jaques et al. [30], in which curcumin per se was not able to alter the activity of ecto-
enzymes E-NTPDase, E-5-nucleotidase and E-ADA in platelets from cigarette smoke-
exposed rats.

When we evaluated the physical exercise per se and curcumin and physical exercise
concurrently in the activity of ecto-enzymes, we observed an increase in the hydrolysis of
ADP, possibly indicating that physical exercise is decreasing the ADP extracellular
concentration. The regular moderate exercise could be an important factor in health,
promoting physiological changes induced by the short-term or acute stress response [46].
Corroborating with the results Roque et al. [47], which also found an increased ADP
hydrolysis in serum and sarcolemmal fraction of rats that were trained (swimming). In the
vascular system, ADP is the major agonist involved in platelet aggregation [6], suggesting
that physical exercise would decrease the levels of ADP extracellular, preventing platelet
aggregation.

Although excessive platelet aggregation can occur as a result of inflammation [48] our
results showed no statistical difference between the groups with a standard diet and

hypercholesterolemic groups in platelet aggregation induced by ADP. Agreeing with the
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results, Coppola et al. [49] also found no significant difference when evaluated platelet
aggregation induced by ADP in subjects sedentary and physical exercise practitioners.

ATP and ADP hydrolysis were increased in platelets from rats with induced
hypercholesterolemia. Corroborating with these results, Duarte et al. [50], demonstrated an
increased E-NTPDase activity in platelets from patients with hypercholesterolemia,
suggesting a beneficial role by preventing thrombus formation. Probably, high cholesterol
levels induce an increase in platelet ATP and ADP hydrolysis as a compensatory mechanism
to inhibit platelet aggregation and limit thrombus formation, showing a positive correlation
between cholesterol levels and activity of NTPDase. Literature data indicate that adenine
nucleotides and adenosine are important modulators of atherosclerosis [51], and since ATP
stimulates the release of inflammatory cytokines by cultured macrophages, dendritic cells, or
both [52], the purinergic system may be involved in the development of inflammatory
reactions. Based on this, it is plausible that the increased total cholesterol and LDL cholesterol
levels (Table 5) in the rats submitted to hypercholesterolemic diet, can lead to an
inflammatory process, contributing to the alterations in the E-NTPDase activity observed in
this study.

In relation to the treatment with curcumin and physical exercise, our results
demonstrated a reduction of total cholesterol, LDL cholesterol and an increase in HDL
levels in rats submitted to hypercholesterolemic diet and treated with curcumin and physical
exercise when compared with the group hypercholesterolemic fat diet alone. These results
are similar with the study of Folwarcznaeon et al. [53] that also demonstrated that
ovariectomized rats receiving curcumin (10 mg/kg, podaily) decreased serum total
cholesterol level. It was demonstrated that [24] that also demonstrated that curcumin
supplemented diet significantly lowered the atherogenic index by 48% as compared to
control group. Guerra et al. [54] also demonstrated that moderate continuous exercise (both
5 and 2 consecutive days/week) can result in positive adaptations in adipocyte area and lipid
parameters in normo and hypercholesterolemic adult male rats, while Amin-Shokravi et al.
[55] showed that physical exercise program could decrease levels of blood lipids such as
total cholesterol and increase levels of HDL-C. Taken together, these findings showed that
curcumin and physical exercise supplementation interfere with the cholesterol metabolism in
diets rich in fat.

However, when hypercholesterolemic rats were treated with curcumin, they showed
a decrease in ADP hydrolysis, returning to basal levels, as well when treated with curcumin

and physical exercise concomitant, with that reversing the changes caused by
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hypercholesterolemia. Differently found by Jaques et al. [30], curcumin was effective in
preventing the reduction of E-NTPDase activity using ADP as a substrate in rats exposed to
cigarette smoke.

The hypercholesterolemic rats that received the treatment of physical exercise
presented an increase in ATP hydrolysis and a decrease in ADP hydrolysis, which probably
would lead to an elevated ADP concentration in the bloodstream. It is well known that the
enhanced level of ADP is related to an increased platelet aggregation [56]. Although an
excessive platelet aggregation can occur in damaged vasculature as a consequence of
inflammation, the platelet aggregation in this study showed no significant difference,
suggesting that ADP excess may be reversed to ATP by the enzyme ecto-nucleoside
diphosphate kinase (NDPK) [12]. As proposed by Yegutkin et al. [15], an opposite via the
recovery of adenine nucleotides, which are essential to have effects on tromborregulation,
such as ATP and ADP released from platelets granules that occurs when platelets are
activated [57].

Continuing the purinergic cascade, E-5-NT generates important intermediates to
regulate the platelet aggregation, such as adenosine, from AMP substrate. However, when
assessed the activity of this enzyme in platelets of rats with induced hypercholesterolemia no
changes were observed in AMP hydrolysis. And adding this to the fact, there was an
increased ADP hydrolysis these group, it may suggest high AMP levels found in
extracellular environment. This increased in the ADP hydrolysis contributing in regulating
the levels this nucleotide, since this it is capable of promoting the recruitment of platelets to
the site of vascular injury, promoting platelet aggregation and thrombus formation. In regard
the activity of E-ADA, no changes were observed between the groups, which indicate that
this nucleoside is present in physiological levels in the extracellular medium, which would
be related to normal platelet aggregation.

Since platelets express different sets of ecto-enzymes and purinergic receptors, which
regulate thromboembolic process induced by vascular injuries [34] it was also evaluated the
E-NPP activity, responsible for the direct ATP hydrolysis to extracellular AMP, but no
change in this ecto-enzyme activity was observed in hypercholesterolemic rats with and
without treatment, indicating that changes would occur only in E-NTPDase activity.

From the compiled results, we suggest that curcumin and physical exercise were
shown to have a beneficial effect on health could be a potential treatment for cardiovascular

diseases such as hypercholesterolemia. Also demonstrated, that the purinergic system has
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been modified due to the action of diet on the activities of ecto-enzymes, suggesting a positive

correlation between cholesterol levels and enzyme activities.
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Figure Legends

Figure 1: E-NTPDase activity in platelets of rats using ATP (A) and ADP (B) as substrate
(nmol of Pi/min/mg of protein). Groups: C (control), CC (curcumin), PE (physical exercise),
CCPE (curcumin+physical exercise), H (hypercholesterolemic), HCC
(hypercholesterolemic+curcumin), HPE (hypercholesterolemic+physical exercise) and
HCCPE (hypercholesterolemic+curcumin+physical exercise). Bars represent meansSEM.

Groups with different letters are statistically different (P<0.05; n=7).

Figure 2: E-5’-nucleotidase activity in platelets of rats using AMP as substrate (hnmol of
Pi/min/mg of protein). Groups: C (control), CC (curcumin), PE (physical exercise), CCPE
(curcumin+physical exercise), H (hypercholesterolemic), HCC
(hypercholesterolemic+curcumin), HPE (hypercholesterolemic+physical exercise) and
HCCPE (hypercholesterolemic+curcumin+physical exercise). Bars represent meanstSEM.

Groups with different letters are statistically different (P> 0.05; n=7).

Figure 3: E-NPP activity in platelets of rats using p-Nph-5 TMP as substrate (nmol p-
nitrophenol released). Groups: C (control), CC (curcumin), PE (physical exercise), CCPE
(curcumin+physical exercise), H (hypercholesterolemic), HCC
(hypercholesterolemic+curcumin), HPE (hypercholesterolemic+physical exercise) and
HCCPE (hypercholesterolemic+curcumin+physical exercise). Bars represent meanstSEM.

Groups with different letters are statistically different (P>0.05; n=7).

Figure 4: E-ADA activity in platelets of rats (U/L). Groups: C (control), CC (curcumin), PE
(physical exercise), CCPE (curcumin+physical exercise), H (hypercholesterolemic), HCC
(hypercholesterolemic+curcumin), HPE (hypercholesterolemic+physical exercise) and
HCCPE (hypercholesterolemic+curcumin+physical exercise). Bars represent meanstSEM.

Groups with different letters are statistically different (P>0.05; n=7).

Figure 5: Platelet aggregation (%) in platelets of rats. Groups: C (control), CC (curcumin),
PE (physical exercise), CCPE (curcumin+physical exercise), H (hypercholesterolemic),
HCC (hypercholesterolemic+curcumin), HPE (hypercholesterolemic+physical exercise) and
HCCPE (hypercholesterolemic+curcumin+physical exercise). Bars represent meanstSEM.

Groups with different letters are statistically different (P>0.05; n=7).
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Table 2: Total cholesterol (TC), high-density lipoprotein (HDL-C), low-density lipoprotein
(LDL-C), triglyceride (TRI) levels of rats after induction of cholesterol without treatment
(mg/dL).

Groups TC HDL-C LDL-C TRI
Control rats 115+4.2 55+4.3 49.9 £ 5.6 60.35 £ 5.27
Hypercholesterolemic rats 185.8+12.4* 22.6+0.3* 152.4+7.82* 64.06 + 6.76

Values are expressed as mean + S.E.M *Significant difference between groups (*P<0.05, n= 28). Student’s t
test.
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Table 3: Food consumption daily of controls rats (C), control+curcumin (CC),
control+physical  exercise  (PE), control+curcumin+physical  exercise  (CCPE),
hypercholesterolemic (H), hypercholesterolemic+curcumin (HCO),
hypercholesterolemic+Physical exercise (HPE) and hypercholesterolemic+Curcumin +
physical exercise (HCCPE), after of treatment.

Groups Food Consumption (g)
C 51,07 £ 5,462
CC 54,31 £ 7,610
PE 48,23 + 6,870
CCPE 54,6 £ 10,311
H 46,10 * 3,627
HCC 45,06 *+ 4,367
HPE 47,45 + 3/422
HCCPE 43,90 + 2,384

Values are expressed as mean + S.E.M (P>0.05, n=7), ANOVA-Dunnett’s Test.
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Table 4: Weight of controls (C), control+curcumin (CC), control+physical exercise (PE),
control+curcumin+physical exercise (CCPE), hypercholesterolemic (H),
hypercholesterolemic+curcumin (HCC), hypercholesterolemic+physical exercise (HPE) and
hypercholesterolemic+Curcumin + physical exercise (HCCPE), before and after treatment.

Weight (g)
Before treatment After treatment
C 274,4 + 9,594 321,9 £5,373
CC 300,0 £ 10,33 350,0 + 4,788*
PE 288,0 +11,85 323,3 £ 4,269
CCPE 296,2 + 9,375 342,6 + 9,971
H 300,2 + 8,870 347,6 + 4,276%
HCC 302,2 + 14,49 353,4 + 10,68*
HPE 290,3 + 10,52 331,6 £ 2,405
HCCPE 280,8 + 10,22 323,4 + 3,659

Values are expressed as mean + S.E.M *Indicates significant difference when compared to the control group
(*P<0.05, n= 7). ANOVA-Dunnett’s Test.
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Table 5: Total Cholesterol (TC), LDL Cholesterol (LDL-C), HDL Cholesterol (HDL-C), Triglyceride
(TRI) levels of controls rats (C), contol.curcumin (CC), control+physical exercise (PE),
control+curcumin+physical exercise (CCPE), hypercholesterolemic (H),
hypercholesterolemic+curcumin  (HCC), hypercholesterolemic+physical exercise (HPE) and
hypercholesterolemic+curcum+physical exercise (HCCPE), before and after treatment (mg/dL).

Groups TC LDL-C HDL-C TRI
Before  After Before After Before After Before  After

C 12042.4  127+4.8 57+41  63.443.6  52+4.7 54427  56+3.2 53+6.6
CC 112+4.3 108+1.2  50.8+7.4  34+4.6* 46%3.2 59+7.3  76.248.6  76.248.6
PE 11445  116+4.2 52+6.3 48+3 48+9.1 57+4.3  70.1223.3  59.7+3.5
CCPE 112431 120446  55.6+3.1 6243 42+3.8 48.3+4 72.4+2 50.7+13
H 146+1.3 153.4+2.4 107+35 119491  26.3%8.2 19495 65+7.7  75.6+11.9
HCC 16042.1  11246.4* 121.9#3  55.6+6* 21421 451+3*  85.7#12  56.8+18.5
HPE 200+6.6 120.2+8* 16616 73+4.1* 1946 33+1* 72.649.1  70.2+15.6

HCCPE 19644  133.6+2.7* 120+51  64.3+6* 22+6.5 57+49.6* 55.4+10.7 58.75+7.1
Values are expressed as mean + S.E. *Indicates significant difference between groups (*P<0.05, n= 7). Student’s t test.
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Table 6: Liver enzyme of control (C), control+curcumin (CC), control+physical exercise
(PE), control+curcumin+physical
hypercholesterolemic+curcumin (HCC), hypercholesterolemic+physical exercise (HPE) and

hypercholesterolemic+Curcumin + physical exercise (HCCPE) (U/L).

exercise

(CCPE),

hypercholesterolemic

(H),

Liver enzymes AST ALT Alkaline phosphatase
C 30,83 £ 7,442 20,50 + 1,655 455,1 + 44,09
CC 35,60 £ 4,321 18,96 + 1,843 428,1 £ 19,94
PE 49,56 * 6,945 25,14 + 3,300 331,2 £ 40,74
CCPE 52,63 £ 7,505 20,65+ 1,873 485,8 + 41,82
H 49,45 + 5,828 32,73 £ 3,023 503,7 £ 57,64
HCC 48,50 £ 5,652 30,83 + 3,815 545,9 + 51,56
HPE 53,65 £ 9,898 32,30 £ 2,600 623,6 + 68,16
HCCPE 27,90 £ 8,700 22,70+ 1,700 637,3 + 39,38

Values are expressed as mean = S.E. Difference no when compared to the control group (P>0.05, n= 7).

ANOVA-Dunnett’s Test.
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4 CONCLUSAO

o A curcumina e o exercicio fisico mostraram ter efeito benéfico sobre a salde, pois
houve reducéo do colesterol total e LDL-colesterol, e aumento do HDL-colesterol, indicando
ser um possivel tratamento contra doencas cardiovasculares, como por exemplo a

hipercolesterolemia.

o A atividade da NTPDase foi modificada nos ratos hipercolesterolémicos,
demonstrando influéncia da dieta hipercolesterolémica sobre o sistema purinérgico. Com isso,
possivelmente protegendo o organismo contra a formacdo de trombos e agregacéo

plaquetéria, presentes na hipercolesterolemia.

o O tratamento com curcumina e exercicio fisico demonstrou efeito sobre a hidrolise do
ADP em ratos hipercolesterolémicos, indicando que o nucleotideo retornou aos seus niveis

basais.
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imediatamente a este Comité.

Os membros da CIETEA-UFSM nao participaram do processo de avaliagdo dos projetos
onde constam como pesquisadores.

DATA DA REUNIAO DE APROVAGAO:
Santa Maria, 18 de janeiro de 2011.

rta Lizandra do Régo Leal

Coordenador do Comité Interno de Etica em Experimentagao
Animal-UFSM

Comité Interno de Etica em Experimentagao Animal - UFSM - Av. Roraima, 1000 - Prédio da Reitoria - 2°
andar - Campus Universitério 97105-900 — Santa Maria - RS - - Tel: 0 xx 55 3220 9362
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ANEXO 2

NORMAS REVISTA BIOCHIMIE

DESCRIPTION

.Biochimie is a multi-topical journal, publishing original work as well as review articles and
minireviews in all areas of biology (enzymology, genetics, immunology, microbiology,
structure of macromolecules, etc.), provided that the approach adopted stems from
biochemistry, biophysics or molecular biology.
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GUIDE FOR AUTHORS

INTRODUCTION

Biochimie is an English language, multi-topical journal publishing original articles, short
communications, as well as review articles in all areas of biology (enzymology, genetics,
immunology, microbiology, structure of macromolecules, etc), provided that the approach
adopted stems from biochemistry, biophysics or molecular biology.

Types of paper

Publication types

Original Research articles

Short communications

Review articles and mini-reviews

Hypotheses

Letters to the Editor, commenting on papers published in Biochimie

BEFORE YOU BEGIN
Ethics in publishing

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://lwww.elsevier.com/publishingethics and http://www.elsevier.com/ethicalguidelines.
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Policy and ethics

The work described in your article must have been carried out in accordance with The Code of
Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving
humans http://www.wma.net/en/30publications/10policies/b3/index.html; EU  Directive
2010/63/EU for animal experiments http://ec.europa.eu/environment/
chemicals/lab_animals/legislation_en.htm; Uniform Requirements for manuscripts submitted
to Biomedical journals http://www.icmje.org. This must be stated at an appropriate point in
the article.

Conflict of interest

All authors are requested to disclose any actual or potential conflict of interest including any
financial, personal or other relationships with other people or organizations within three years
of beginning the submitted work that could inappropriately influence, or be perceived to
influence, their work. See also http://www.elsevier.com/conflictsofinterest.

Submission declaration

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract or as part of a published lecture or academic thesis), that it
is not under consideration for publication elsewhere, that its publication is approved by all
authors and tacitly or explicitly by the responsible authorities where the work was carried out,
and that, if accepted, it will not be published elsewhere including electronically in the same
form, in English or in any other language, without the written consent of the copyright-holder.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract or as part of a published lecture or academic thesis), that it
is not under consideration for publication elsewhere, that its publication is approved by all
authors and tacitly or explicitly by the responsible authorities where the work was carried out,
and that, if accepted, it will not be published elsewhere in the same form, in English or in any
other language, including electronically without the written consent of the copyright-holder.
To verify originality, your article may be checked by the originality detection software
iThenticate. See also http://www.elsevier.com/editors/plagdetect.

Contributors

Each author is required to declare his or her individual contribution to the article: all authors
must have materially participated in the research and/or article preparation, so roles for all
authors should be described. The statement that all authors have approved the final article
should be true and included in the disclosure.

Changes to authorship

This policy concerns the addition, deletion, or rearrangement of author names in the
authorship of accepted manuscripts: Before the accepted manuscript is published in an online
issue: Requests to add or remove an author, or to rearrange the author names, must be sent to
the Journal Manager from the corresponding author of the accepted manuscript and must
include: (a) the reason the name should be added or removed, or the author names rearranged
and (b) written confirmation (e-mail, fax, letter) from all authors that they agree with the
addition, removal or rearrangement. In the case of addition or removal of authors, this
includes confirmation from the author being added or removed. Requests that are not sent by
the corresponding author will be forwarded by the Journal Manager to the corresponding
author, who must follow the procedure as described above. Note that: (1) Journal Managers
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will inform the Journal Editors of any such requests and (2) publication of the accepted
manuscript in an online issue is suspended until authorship has been agreed. After the
accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted
above and result in a corrigendum.

Copyright
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (for more information on this and copyright see

http://www.elsevier.com/copyright). Acceptance of the agreement will ensure the widest
possible dissemination of information. An e-mail will be sent to the corresponding author
confirming receipt of the manuscript together with a '‘Journal Publishing Agreement' form or a
link to the online version of this agreement. Subscribers may reproduce tables of contents or
prepare lists of articles including abstracts for internal circulation within their institutions.
Permission of the Publisher is required for resale or distribution outside the institution and for
all other derivative works, including compilations and translations (please consult
http://lwww.elsevier.com/permissions). If excerpts from other copyrighted works are included,
the author(s) must obtain written permission from the copyright owners and credit the
source(s) in the article. Elsevier has preprinted forms for use by authors in these cases: please
consult http://www.elsevier.com/permissions.

Retained author rights
As an author you (or your employer or institution) retain certain rights; for details you are
referred to: http://www.elsevier.com/authorsrights.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research
and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in
study design; in the collection, analysis and interpretation of data; in the writing of the report;
and in the decision to submit the article for publication. If the funding source(s) had no such
involvement then this should be stated. Please see http://www.elsevier.com/funding.

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authors whose articles
appear in journals published by Elsevier, to comply with potential manuscript archiving
requirements as specified as conditions of their grant awards. To learn more about existing
agreements and policies please visit http://www.elsevier.com/fundingbodies.

Open access

This journal offers you the option of making your article freely available to all via the
ScienceDirect platform. To prevent any conflict of interest, you can only make this choice
after receiving notification that your article has been accepted for publication. The fee of
$3,000 excludes taxes and other potential author fees such as color charges. In some cases,
institutions and funding bodies have entered into agreement with Elsevier to meet these fees
on behalf of their authors. Details of these agreements are available at
http://lwww.elsevier.com/fundingbodies. Authors of accepted articles, who wish to take
advantage of this option, should complete and submit the order form (available at
http://www.elsevier.com/locate/openaccessform.pdf). Whatever access option you choose,
you retain many rights as an author, including the right to post a revised personal version of
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your article on your own website. More information can be found here:
http://www.elsevier.com/authorsrights.

Language and language services

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who require information about language editing and copyediting
services pre- and post-submission please visit http://webshop.elsevier.com/languageservices
or our customer support site at http://support.elsevier.com for more information.

Submission

Submission to this journal proceeds totally online and you will be guided stepwise through the
creation and uploading of your files. The system automatically converts source files to a
single PDF file of the article, which is used in the peer-review process. Please note that even
though manuscript source files are converted to PDF files at submission for the review
process, these source files are needed for further processing after acceptance. All
correspondence, including notification of the Editor's decision and requests for revision, takes
place by e-mail removing the need for a paper trail.

PREPARATION

Use of wordprocessing software

It is important that the file be saved in the native format of the wordprocessor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. In particular, do not
use the wordprocessor's options to justify text or to hyphenate words. However, do use bold
face, italics, subscripts, superscripts etc. When preparing tables, if you are using a table grid,
use only one grid for each individual table and not a grid for each row. If no grid is used, use
tabs, not spaces, to align columns. The electronic text should be prepared in a way very
similar to that of conventional manuscripts (see also the Guide to Publishing with Elsevier:
http://lwww.elsevier.com/guidepublication). Note that source files of figures, tables and text
graphics will be required whether or not you embed your figures in the text. See also the
section on Electronic artwork. To avoid unnecessary errors you are strongly advised to use the
'spell-check’ and ‘grammar-check’ functions of your wordprocessor.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ..), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to ‘the
text'. Any subsection may be given a brief heading. Each heading should appear on its own
separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed
literature survey or a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already published
should be indicated by a reference: only relevant modifications should be described.

Results

Results should be clear and concise.
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Discussion

This should explore the significance of the results of the work, not repeat them. A combined
Results and Discussion section is often appropriate. Avoid extensive citations and discussion
of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which
may stand alone or form a subsection of a Discussion or Results and Discussion section.

Essential title page information

» Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

« Author names and affiliations. Where the family name may be ambiguous (e.g., a double
name), please indicate this clearly. Present the authors' affiliation addresses (where the actual
work was done) below the names. Indicate all affiliations with a lower-case superscript letter
immediately after the author's name and in front of the appropriate address. Provide the full
postal address of each affiliation, including the country name and, if available, the e-mail
address of each author.

« Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that telephone and fax numbers
(with country and area code) are provided in addition to the e-mail address and the
complete postal address. Contact details must be kept up to date by the corresponding
author.

* Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, a 'Present address' (or 'Permanent address’) may be
indicated as a footnote to that author's name. The address at which the author actually did the
work must be retained as the main, affiliation address. Superscript Arabic numerals are used
for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately
from the article, so it must be able to stand alone. For this reason, References should be
avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in
the abstract itself.

The abstract should have no more than 300 words.

Graphical abstract

A Graphical abstract is optional and should summarize the contents of the article in a concise,
pictorial form designed to capture the attention of a wide readership online. Authors must
provide images that clearly represent the work described in the article. Graphical abstracts
should be submitted as a separate file in the online submission system. Image size: Please
provide an image with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The
image should be readable at a size of 5 x 13 cm using a regular screen resolution of 96 dpi.
Preferred  file  types: TIFF, EPS, PDF or MS Office files. See
http://lwww.elsevier.com/graphicalabstracts for examples. Authors can make use of Elsevier's
Illustration and Enhancement service to ensure the best presentation of their images also in
accordance with all technical requirements: Illustration Service.
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Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points
that convey the core findings of the article and should be submitted in a separate file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet
points (maximum 85 characters, including spaces, per bullet point). See
http://www.elsevier.com/highlights for examples.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling
and avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of').
Be sparing with abbreviations: only abbreviations firmly established in the field may be
eligible. These keywords will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first
page of the article. Such abbreviations that are unavoidable in the abstract must be defined at
their first mention there, as well as in the footnote. Ensure consistency of abbreviations
throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references
and do not, therefore, include them on the title page, as a footnote to the title or otherwise.
List here those individuals who provided help during the research (e.g., providing language
help, writing assistance or proof reading the article, etc.).

Units
Follow internationally accepted rules and conventions: use the international system of units
(SI). If other units are mentioned, please give their equivalent in SI.

Database linking

Elsevier aims at connecting online articles with external databases which are useful in their
respective research communities. If your article contains relevant unique identifiers or
accession numbers (bioinformatics) linking to information on entities (genes, proteins,
diseases, etc.) or structures deposited in public databases, then please indicate those entities
according to the standard explained below. Authors should explicitly mention the database
abbreviation (as mentioned below) together with the

actual database number, bearing in mind that an error in a letter or number can result in a
dead link in the online version of the article. Please use the following format: Database ID:
XXXX

Links can be provided in your online article to the following databases (examples of citations
are given in parentheses):

* ASTM: ASTM Standards Database (ASTM ID: G63)

* CCDC: Cambridge Crystallographic Data Centre (CCDC ID: AI631510)

» GenBank: Genetic sequence database at the National Center for Biotechnology Information
(NCBI)

(GenBank ID: BA123456)

* GEO: Gene Expression Omnibus (GEO ID: GSE27196; GEO ID: GPL5366; GEO ID:
GSM9853)

* MI: EMBL-EBI OLS Molecular Interaction Ontology (Ml 1D: 0218)

* MINT: Molecular INTeractions database (MINT ID: 6166710)
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* NCBI Taxonomy: NCBI Taxonomy Browser (NCBI Taxonomy ID: 48184)

* NCT: ClinicalTrials.gov (NCT ID: NCT00222573)

* OMIM: Online Mendelian Inheritance in Man (OMIM ID: 601240)

» PDB: Worldwide Protein Data Bank (PDB ID: 1TUP)

* TAIR: The Arabidopsis Information Resource database (TAIR ID: AT1G01020)
* UniProt: Universal Protein Resource Knowledgebase (UniProt ID: Q9HOHS)

Math formulae

Present simple formulae in the line of normal text where possible and use the solidus (/)
instead of a horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to
be presented in italics. Powers of e are often more conveniently denoted by exp. Number
consecutively any equations that have to be displayed separately from the text (if referred to
explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this
feature may be used. Should this not be the case, indicate the position of footnotes in the text
and present the footnotes themselves separately at the end of the article. Do not include
footnotes in the Reference list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Artwork

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.
* Save text in illustrations as 'graphics' or enclose the font.

* Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.
* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Produce images near to the desired size of the printed version.

» Submit each figure as a separate file.

A detailed guide on electronic artwork is available on our website:
http://lwww.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given
here.

Formats

Regardless of the application used, when your electronic artwork is finalised, please 'save as'
or convert the images to one of the following formats (note the resolution requirements for
line drawings, halftones, and line/halftone combinations given below):

EPS: Vector drawings. Embed the font or save the text as ‘graphics'.

TIFF: Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is
required.



96

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,
Excel) then please supply 'as is'.

Please do not:

* Supply files that are optimised for screen use (e.g., GIF, BMP, PICT, WPG); the resolution
is too low;

* Supply files that are too low in resolution;

 Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS Office files)
and with the correct resolution. If, together with your accepted article, you submit usable
color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color on the Web (e.g., ScienceDirect and other sites) regardless of whether or not these
illustrations are reproduced in color

in the printed version. For color reproduction in print, you will receive information
regarding the costs from Elsevier after receipt of your accepted article. Please indicate
your preference for color: in print or on the Web only. For further information on the
preparation of electronic artwork, please see http://www.elsevier.com/artworkinstructions.
Please note: Because of technical complications which can arise by converting color figures to
‘gray scale' (for the printed version should you not opt for color in print) please submit in
addition usable black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the
figure. A caption should comprise a brief title (not on the figure itself) and a description of
the illustration. Keep text in the illustrations themselves to a minimum but explain all symbols
and abbreviations used.

Tables

Number tables consecutively in accordance with their appearance in the text. Place footnotes
to tables below the table body and indicate them with superscript lowercase letters. Avoid
vertical rules. Be sparing in the use of tables and ensure that the data presented in tables do
not duplicate results described elsewhere in the article.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and
vice versa). Any references cited in the abstract must be given in full. Unpublished results and
personal communications are not recommended in the reference list, but may be mentioned in
the text. If these references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the publication date with
either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press'
implies that the item has been accepted for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a source
publication, etc.), should also be given. Web references can be listed separately (e.g., after the
reference list) under a different heading if desired, or can be included in the reference list.
References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any
citations in the text) to other articles in the same Special Issue.
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Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual
authors can be referred to, but the reference number(s) must always be given.

Example: "..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ....'
List: Number the references (numbers in square brackets) in the list in the order in which they
appear in the text.

Examples:

Reference to a journal publication:

[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci.
Commun. 163 (2010) 51-59.

Reference to a book:

[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:

[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S.
Jones, R.Z. Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York,
2009, pp. 281-304.

Journal abbreviations source

Journal names should be abbreviated according to Index Medicus journal abbreviations:
http://www.nlm.nih.gov/tsd/serials/lji.html; List of title word abbreviations:
http://www.issn.org/2-22661-LTWA-online.php; CAS (Chemical Abstracts Service):
http://www.cas.org/sent.html.

Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your scientific
research. Supplementary files offer the author additional possibilities to publish supporting
applications, highresolution images, background datasets, sound clips and more.
Supplementary files supplied will be published online alongside the electronic version of your
article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com. In
order to ensure that your submitted material is

directly usable, please provide the data in one of our recommended file formats. Authors
should submit the material in electronic format together with the article and supply a concise
and descriptive caption for each file. For more detailed instructions please visit our artwork
instruction pages at http://www.elsevier.com/artworkinstructions.

Submission checklist

The following list will be useful during the final checking of an article prior to sending it to
the journal for review. Please consult this Guide for Authors for further details of any item.
Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

* Full postal address

* Telephone and fax numbers

All necessary files have been uploaded, and contain:

» Keywords

* All figure captions

« All tables (including title, description, footnotes)

Further considerations

» Manuscript has been 'spell-checked' and 'grammar-checked'

* References are in the correct format for this journal
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» All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including
the Web)

* Color figures are clearly marked as being intended for color reproduction on the Web (free
of charge) and in print, or to be reproduced in color on the Web (free of charge) and in black-
and-white in print

* If only color on the Web is required, black-and-white versions of the figures are also
supplied for printing purposes

For any further information please visit our customer support site at
http://support.elsevier.com.

Additional information

Short Communications should be a maximum of 4 printed pages (approx. 2,500 words)
maximum, including title, references, and only 2 figures or tables and will be rejected if
submitted in excess of this length. Reports of new or improved methods should be as brief as
is consistent with clarity (up to about 1,000 words). They should unequivocally identify the
element of novelty claimed and the advantages over existing technology. Performance
characteristics, including effects of interfering substances, comparisons with results of
accepted methods and reference values based on appropriate population samples should be
documented by adequate data. Citing of earlier publications is preferred to repetition of details
for reagents, procedures, etc., which are always in print. Nevertheless, the information
provided must suffice to allow readers to duplicate the work or to compare the technique with
current practice.

AFTER ACCEPTANCE

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The
DOI consists of a unique alpha-numeric character string which is assigned to a document by
the publisher upon the initial electronic publication. The assigned DOI never changes.
Therefore, it is an ideal medium for citing a document, particularly 'Articles in press' because
they have not yet received their full bibliographic information. The correct format for citing a
DOl is shown as follows (example taken from a document in the journal Physics Letters B):
doi:10.1016/j.physletb.2010.09.059. When you use the DOI to create URL hyperlinks to
documents on the web, the DOIs are guaranteed never to change.

Proofs

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we
do not have an e-mail address then paper proofs will be sent by post) or, a link will be
provided in the e-mail so that authors can download the files themselves. Elsevier now
provides authors with PDF proofs which can be annotated; for this you will need to download
Adobe Reader version 7 (or higher) available free from http://get.adobe.com/reader.
Instructions on how to annotate PDF files will accompany the proofs (also given online). The
exact system requirements are given at the Adobe site:
http://www.adobe.com/products/reader/tech-specs.html. If you do not wish to use the PDF
annotations function, you may list the corrections (including replies to the Query Form) and
return them to Elsevier in an e-mail. Please list your corrections quoting line number. If, for
any reason, this is not possible, then mark the corrections and any other comments (including
replies to the Query Form) on a printout of your proof and return by fax, or scan the pages and
e-mail, or by post. Please use this proof only for checking the typesetting, editing,
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completeness and correctness of the text, tables and figures. Significant changes to the article
as accepted for publication will only be considered at this stage with permission from the
Editor. We will do everything possible to get your article published quickly and accurately —
please let us have all your corrections within 48 hours. It is important to ensure that all
corrections are sent back to us in one communication: please check carefully before replying,
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