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Resumo

A aterosclerose ¢ uma doenga cronica degenerativa das artérias, caracterizada pelo acimulo de
lipidios na parede arterial. Na década de setenta, Zilversmit postulou que o fendmeno pods-
prandial era promotor da aterosclerose. O mecanismo que conecta o estado pdsprandial com a
doenca cardiovascular (DCV) inclui a disfungdo endotelial, estresse oxidativo e inflamacao.
No presente estudo, foi estabelecida a composi¢do quimica das subfracdes das lipoproteinas de
alta densidade (HDLs) em uma populagao adulta normolipidémica brasileira e, comparada esta
com outras populacdes. Além disto, as modificagdes na composi¢do quimica desta particula
em individuos saudaveis normolipidémicos foram descritas apos a ingestdo de uma dieta rica
em lipidios. Estes dados demonstraram uma diminui¢cao do conteudo de ésteres de colesterol e
aumento de triglicérides nas particulas de HDL, os quais refletem o aumento da atividade da
enzima transferidora de ésteres de colesterol (CETP). Estas mudangas levam a uma atividade
anti-oxidante reduzida da HDL. Por fim, este estudo evidenciou que a geracao intracelular de
espécies reativas ao oxigénio (ROS) estd reduzida durante o periodo podsprandial. A
diminui¢@o do consumo de oxigénio celular e suas correlagdes com a geracao de ROS indicam
que a mitocondria participa ativamente deste fendomeno. Disfungao endotelial foi outro achado
durante este periodo. No mundo ocidental, o periodo pdsprandial representa uma parte
significativa do dia, ressaltando a importancia deste estado no desenvolvimento da
aterosclerose. A completa elucidagdo dos mecanismos envolvidos pode melhorar as
intervengdes dietéticas e levar a efeitos benéficos no combate ao estresse oxidativo e disfungao

endotelial no periodo pos-prandial.
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Abstract

Atherosclerosis is a chronic degenerative disease of the arteries, characterized by an
accumulation of lipids in arterial walls. In 1970s, Zilversmit postulated that postprandial
phenomenon was a promoter of atherosclerosis. The mechanisms that link the postprandial
state with CVD include endothelial dysfunction, oxidative stress and inflammation. In present
study, the chemical composition of high density lipoproteins (HDLs) subfractions in a
Brazilian adult normolipidemic population was determinated and compared it with others
populations. In addition, the modifications in chemical composition of this particle in healthy
normolipidemic subjects after an intake of a fat-rich meal, was described. This data presents a
diminished core content of cholesteryl ester (CE) and elevated triglyceride (TG) of
postprandial HDL particles, which reflected enhanced activity of cholesteryl ester transfer
protein (CETP). These changes lead to an impaired antioxidative activity of dense HDL.
Finally, this study provides evidence that intracellular reactive oxygen species (ROS)
generation is reduced during the postprandial period. The reduction of oxygen consumption
and it correlation with ROS generation suggests that mitochondria plays a pivotal role in this
phenomenon. Endothelial dysfunction was also found during this period. In western societies,
a significant part of the day is spent in the postprandial state, further emphasising the
importance of this period in the development of atherosclerosis. The complete elucidation of
the involved mechanisms may improve the appropriateness of such dietary intervention

supported by beneficial effects on postprandial oxidative stress and endothelial dysfunction.
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Introducio Geral

ATEROSCLEROSE

A aterosclerose ¢ uma doenca cronica inflamatoéria que se desenvolve ao longo de
varios anos. Esta doenca se inicia no espaco subendotelial com a deposicao de lipidios e a
atracdo de células inflamatdrias, musculares lisas e fibroblastos que levam a lesdo
endotelial e a exposicdo da matriz de coldgeno, com a subseqiiente a oclusdo arterial que
pode ocasionar varios desfechos clinicos como o acidente vascular cerebral (AVC) e o
infarto agudo do miocérdio (IAM) (1)

De acordo com a Organizacdo Mundial de Satde (OMS), as DCVs sdo as principais
causas de mortalidade no mundo (2,3), sendo responsaveis por 16,6 milhdes de morte/ano,
e contribuindo aproximadamente com um terco de todos eventos fatais. Neste contexto, as
doencas do coragao correspondem a 7,2 milhdes dos obitos/ano e 0 AVC a 5,5 milhdes.

O custo dos cuidados diretos da DCV ¢ alto, e, quando este ¢ associado a
prevaléncia desta patologia, tem-se a dimensao do grande problema de satde publica que se
afigura. Dados da Faculdade de Saude Publica de Harvard (4) estimam um gasto direto de
12 mil dolares/ano para cada paciente tratado com IAM. A doenga, além de apresentar um
elevado custo direto, afeta também indiretamente a economia mundial, tendo em vista o
acometimento de pessoas na meia idade, um periodo de alta produtividade, reduzindo sua
forca e capacidade de trabalho. Neste aspecto, o custo indireto da doenca arterial
coronariana, apenas nos Estados Unidos da América, consome aproximadamente 60 bilhdes
de dolares/ano (5), valor superior aos investimentos publicos na area de saide de muitos

paises.
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O esforco da comunidade cientifica médica internacional para o estudo do
mecanismo de desenvolvimento da aterosclerose, principal causa de DCV, visando a
prevencao e ao tratamento das doencas cardiovasculares, ¢ sem divida um dos maiores e
mais amplos na historia da medicina. O fruto deste esfor¢o pode ser verificado avaliando-se
o numero ¢ qualidade de publicagdes a respeito deste tema. O resultado mais visivel, no
aspecto do mecanismo do desenvolvimento da aterosclerose, ¢ a determinagao dos fatores
de risco cléssicos desta patologia.

Estes fatores classicos estdo divididos academicamente em mutaveis e ndo mutaveis
(6). Dentre os mutaveis, estdo tabagismo, dislipidemia, diabetes melito (DM), pressao
arterial elevada, obesidade, fatores dietéticos, fatores trombogénicos, sedentarismo e
consumo excessivo de dalcool. J& os fatores ndo mutdveis seriam o género, idade,
antecedente pessoal de doenga arterial coronariana (DAC) e antecedente familiar de DAC.

Outro avango importante na elucidagdo do mecanismo aterogénico vem do
entendimento do componente inflamatério na formagdo da placa do ateroma. Neste
contexto, existe uma compreensdo das células envolvidas no processo, sua quimiotaxia e
cinética da producdo de muitas das citocinas e proteinas inflamatérias. Em termos da
pratica clinica, ja € possivel aplicar este conhecimento com o uso de exames laboratoriais
para acessar a inflamacao, (7) dentre eles amiloide sérico A, contagem de células brancas
no sangue periférico, fibrinogénio (8,9) e proteina C reativa de alta sensibilidade (PCR-as),
sendo esta ultima a que melhor apresenta caracteristicas para a utilizagdo pratica; ressalta-se
que para este exame ja existe um consenso para o seu uso, formulado pela American Heart
Association (AHA) e pelo Center for Disease Control (CDC) (7). Outros potenciais alvos

para checar a inflamag¢do que podem tornar-se Uteis na pratica clinica seriam fatores pro-
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inflamatdrios, como a lipoproteina de baixa densidade oxidada (LDL-o0x), citocinas
(interleucina-1, fator de necrose tumoral alfa) e moléculas de adesdo celular (molécula de
adesao celular-1 e selectinas) (10).

Outro mecanismo, que vem sendo bastante estudado nos ultimos anos, € que sem
duvida apresenta suma importancia na aterogénese ¢ a disfuncdo endotelial, provocada
diretamente pelo estresse oxidativo nas células das paredes dos vasos, levando a um
aumento de expressdo de certas moléculas e diminui¢do de outras. Podem-se citar dentre
outras alteragdes uma diminuicao da produgdo de 6xido nitrico, um potente vasodilatador,
aumento da producdo de angiotensina II, um vasoconstritor, além do aumento dos niveis
séricos do inibidor do ativador do plasminogénio-1 (PAI-1), um fator trombogénico. Todas
estas alteragOes listadas corroboram para a formacao do ateroma e seu desfecho clinico
(11).

Neste contexto, o estresse oxidativo ¢ responsavel por efeitos deletérios,
principalmente, devido a formagdo de ROS, as quais desempenham papel central na

promocao da inflamacao in situ e na disfuncao celular (1).

ESTRESSE OXIDATIVO

A mitocondria, além de ser a organela celular na qual ocorre a maior parte das
reacdes oxidativas, visando a producdo de moléculas com a capacidade de armazenar
energia e cedé-la posteriormente em outros processos celulares dependentes de energia, €
também fonte celular de formagdo das ROS. A formacdo das moléculas energéticas se da

em um processo de transferéncia de elétrons para um receptor final, o oxigénio, formando

17



agua, e durante este processo ocorrem varias reagdes intermedidrias, nas quais elétrons
podem ser perdidos, gerando ROS (12-14).

A formacao de ROS se da dentro da cadeia de transporte de elétrons, que reduz
continuamente oxigénio para formar o potencial eletroquimico transmembrana de protons,
necessario para a sintese de ATP. Neste processo, porém, pode haver um escape de elétrons
que formam ROS. Apesar de a mitocondria ser a maior fonte celular de ROS (13,14), ¢
surpreendente sua eficacia energética, pois apenas 1-5% destes elétrons sdo perdidos
durante o processo.

A maior parte destes elétrons que escapam da cadeia respiratéria liga-se
monoeletronicamente com o oxigénio, em etapas intermediarias da cadeia, gerando assim o
radical superoxido (13,14). Os principais sitios mitocondriais de formagdo de superdxido
sdo o complexo I (NADH desidrogenase) e o complexo III (Ubiquinona — citocromo C
oxiredutase) pela coenzima Q (12,15,16).

As ROS formadas no compartimento intra-celular, em especial nas mitocondrias,
tém forte correlacdo com intimeros processos degenerativos, dentre eles se destacam o
envelhecimento celular e a morte celular apoptética e necrotica.

A geragdo de radicais livres ¢ um processo continuo no compartimento
mitocondrial, entretanto existe na mitocondria um sistema antioxidante que defende a
organela e, por fim, a célula deste femonemo. Dentre as formas pelas quais a célula
defende-se da formacdo destes radicais livres podem-se citar: Mn-superoxido dismutase,
glutationa peroxidase e glutationa redutase. Estas enzimas trabalham em seqiiéncia visando

a eliminagdo das ROS (17). Neste contexto, a NADPH ¢ a maior fonte de equivalentes

18



redutores para os sistemas antioxidantes sistemas glutationa peroxidase e glutationa
redutase e tioredoxina redutase/peroxidase.

Antioxidantes lipidicos soluveis, como o a-tocoferol (vitamina E) e a ubiquinona
reduzida, impedem a peroxidacao lipidica (18); o citocromo ¢ mitocondrial pode devolver o
elétron a cadeia respiratoria (19); o complexo IV (citocromo oxidase) previne a formacao de
espécies reativas de nitrogénio (NRS) (20); e, por fim, os residuos de metionina das proteinas
mitocondriais que, quando oxidados, ndo comprometem a funcionalidade proteica e evitam a
oxidagdo da cistina, que resultaria em alteracdo estrutural comprometendo a sua
funcionalidade (21).

De uma forma geral, os antioxidantes mitocondriais protegem a organela da maioria
das lesdes oxidativas em condi¢des fisiologicas. Quando a geragdo de ROS esta aumentada
e/ou a capacidade das defesas antioxidantes esta abaixo do normal, as mitocondrias
acumulardo ROS e sofrerdo conseqiiéncias do estresse oxidativo como a permeabilizacao
da membrana interna e a formagao do estado de transicdo de permeabilidade mitocondrial
com inchamento da organela, o qual poderd levar a célula a morte quer por apoptose e/ou

POr necrose.

LIPEMIA POS-PRANDIAL E FUNCIONALIDADE DO HDL

O estado pos-prandial, fendmeno fisioldogico que ocorre diversas vezes ao dia,
iniciado apo6s a absorgao intestinal de uma dieta contendo lipideos, proteinas e carboidratos,
tem despertado o interesse crescente da comunidade cientifica ha aproximadamente 30

anos, desde a sua primeira correlacdo com o processo de aterosclerose (22).
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Neste sentido, muitos dos mecanismos aterogénicos podem apresentar-se no periodo
pos-prandial devido a lipemia aguda e/ou sub-aguda, que, de acordo com os hdbitos
dietéticos, representa grande parte do dia dos individuos, principalmente nas sociedades
ocidentais, onde as refeigdes seqlienciais sao uma rotina.

O periodo pos-alimentar ¢ sem divida um dos pontos cruciais no metabolismo de
lipoproteinas. O primeiro fendmeno que pode ser identificado ¢ a formacdo, e posterior
liberagdo na corrente sanguinea de moléculas lipoprotéicas ricas em triglicérides pelos
enterocitos, denominadas de quilomicrons, que se diferenciam de outras lipoproteinas ricas
em triglicérides pela presenga da apolipoproteina B-48.

O quilomicron gerado pelo enterdcito pode seguir algumas vias metabolicas
conhecidas. A primeira a ser citada seria a absor¢do destas particulas por células em
processo ativo de divisdo, como fibroblastos, midcitos e células da linhagem
hematopoiéticas, além dos hepatocitos, os quais sdo a uUnica linhagem de células
quiescentes que expressam numero consideravel de receptores para as lipoproteinas, sendo
que este processo de internalizacdo dependende de alguns receptores celulares (23, 24). Nas
células em processo ativo de divisdo as particulas lipoprotéicas podem ser usadas como
componentes estruturais e/ou fonte energética, ja no hepatdcito a capitacdo aumentada de
lipotroteinas parece estar relacionada ao processo de exportacdo de colesterol via bile, a
producdo de lipoproteinas de densidade muito baixa.

O segundo mecanismo pelo qual a particula rica em triglicérides gerada pelo
intestino, pode ser metabolizada ¢ via lipase periférica. Esta enzima, localizada na
superficie das células endoteliais age preferencialmente sobre os triglicerideos dos

quilomicrons levando a hidrdlise de triglicérides com liberacdo de 4cidos graxos,
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monogliceridios e glicerol, os quais sdo internalizados por diversos tipos celulares (25). A
acdo da lipase conduz a redu¢do do volume global das lipoproteinas ricas em triglicérides, e
também a sua concentragdo de triglicérides (26).

Neste contexto de reducdo de volume dos quilomicrons, uma outra particula pode
ser formada a partir da sobra de componentes de superficie (colesterol livre, fosfolipides e
apolipoproteinas), denominada pré-BHDL (27). Esta, por sua vez, ¢ a precursora da HDL,
cuja formagdo estaria na dependéncia de proteinas de transferéncia de fosfolipides e da
enzima plasmatica lecitina-colesterol-acil-transferase (LCAT) (28). Logo, estes
componentes que restaram da superficie dos quilomicrons transformar-se-iam em cilindros
e depois em esferas, dependendo do acréscimo de seu contetudo (29).

Dois tipos diferentes de HDL estdo presentes no plasma, o primeiro a ser formado
no processo metabolico pos-prandial seria o HDLj3;, do qual colesterol esterificado ¢
transferido via CETP para lipoproteinas contendo apolipoproteina-B (30). Esta troca de
colestrol por TG faz emergir uma particula com caracteristicas diferentes, a HDL,, que
pode novamente ser convertida a HDL; apds a acdo da lipase hepatica (31, 29). A
composic¢ao desta lipoproteina em relagdo a sua fragao protéica pode ser modificada durante
os processos plasmaticos, determinando tanto sua fungdo quanto a remocgdo periférica de
colesterol. As HDLs com presenca exclusiva de apoA-I sdo eficientes na remogao de
colesterol da periferia, enquanto a presenca concomitante de apolipoproteina-All inibe esta
capacidade (29).

A concentragdo plasmatica das HDL ¢ reconhecidamente um dos fatores protetores
contra a aterosclerose. Desde o estudo de Framingham, associam-se estas particulas a uma

protecdo ao desenvolvimento de DCV (32,33).
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As HDLs formam um grupo heterogénio de particulas esféricas com diferentes
propriedades fisico-quimicas, metabolismo intravascular e atividade biologica, sua
densidade varia entre 1,063 a 1,21 g/mL (34). Este grupo de particulas ¢ ainda
subcategorizado em HDL, (subdividido em HDL,,, HDL,,) ¢ HDL;3; (subdividido em
HDL;,, HDL3,, HDL3,), a depender de sua densidade.

Estudos indicam varias propriedades antiaterogénicas das HDLs, sdo elas: transporte
reverso de colesterol para o figado, atividade antiinflamatdria, atividade antioxidante,
atividade antiapoptdtica, atividade antiinfecciosa, atividade antitromboética e acdo
vasodilatadora (33).

O transporte reverso de colesterol inicia-se com o efluxo de colesterol das células
periféricas, principalmente dos macréfagos. A apoA-I, apolipoproteina mais comum das
HDLs, cataliza o efluxo celular de colesterol e fosfolipides via ATP-binding cassete
transpoters Al, Gl e G4 (ABCAI1, ABCGIl ¢ ABCG4) (35, 36). O efluxo de colesterol
pode ainda ocorrrer via scavenger receptor B type I (SR-BI) por difusdo aquosa (35). A
capacidade de transporte reverso de colesterol pelas HDLs € inversamente proporcional a
sua concentrac¢ao de lipidios, logo as particulas pequenas e com pouca concentragdo lipidica
(HDLs, € HDL3,) sdo as mais eficientes aceptoras de colesterol para transporte reverso.

A atividade antioxidante das HDLs ¢ a sua mais importante fun¢do ateroprotetora e
¢ comumente mensurada em ensaios in vitro como inbi¢do da oxidagdo da LDL (37). Esta
atividade depende da presenga das apolipoproteinas e enzimas com capacidade
antioxidante. A apoA-I ¢ a principal responsavel por este processo removendo lipides
oxidados das LDLs (38). As outras enzimas que corroboram com esta propriedade das

HDLs sdo a paroxonase 1 (PON 1), fator ativador de plaqueta — acetil hidrolase (PAF-AH,
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também conhecida como fosfolipase A;) e a LCAT, todas estas enzimas contidas nas HDLs
podem hidrolisar fosfolipides oxidados derivados de LDLs. Também como ocorre com o
transporte reverso de colesterol, as particulas pequenas e densas de HDL (HDL3, e HDL3,)
sd0 mais aptas para exercer a fung¢do anti-oxitante, tendo em vista a maior concentracao
destas enzimas (38).

Ja a atividade antiinflamatoéria endotelial das HDLs decorre da diminuicdo da
expressao de moléculas de adesdo e conseqiiente redugdo de células inflamatorias no espago
subendotelial nos estagios iniciais da aterosclerose (34, 39). Esta propriedade das HDLs ¢
atribuida a hidrélise de lipides oxidados, um mecanismo, portanto, semelhante ao da
atividade antioxidante. Consistente com este fato a propriedade antiinflamatéria das HDLs
também ¢é mais efetiva nas subfragdes HDL3, ¢ HDL;, (40).

O mecanismo aterogénico no periodo poés-prandial, proposto por Zilversmit ha 30
anos (22), postulava a hipotese de que a geracdo de remanecentes de particulas ricas em
triglicérides (TRL) deste periodo estaria envolvida na formagao do ateroma.

Naquela época havia problemas para o estudo do estado pds-prandial, dentre eles,
podem-se citar: a falta de uma metodologia para estudar os remanecentes de TRL, e como
dissociar estatisticamente as TRL remanecentes das TRL de jejum na promog¢ao da DAC,
tendo em vista as similaridades destas particulas. Pelo menos para o primeiro problema ha
solugdes praticas ja disponiveis e amplamente aceitas. O primeiro passo, dado nesta
dire¢do, foi a identificagdo da apolipoproteina B-48 (41), marcadora especifica de
quilomicrons de origem intestinal. Outro avango neste aspecto, alcancado mais
recentemente, foi o desenvolvimento de um teste imunologico para identificar particulas de

colesterol similares as remanecentes (RLP) em plasma humano (42), que tem sido
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empregado em vdrios estudos recentes para estimar as particulas remanecentes de TRL
potencialmente aterogénicas(43-45).

Primariamente, o potencial patologico do estado pos-prandial seria devido a
penetragdo dos remanecentes TRL no endotélio, apesar de apenas os pequenos
quilomicrons apresentarem esta habilidade, outra forma pela qual as TRL promovem a
aterosclerose ¢ pela geracao de particulas pequenas e densas de LDL altamente aterogénicas
(46).

Em vérios estudos, ja foi demonstrada a associacdo entre retardo na remocao de
triglicérides e doenca coronoriana (47) e doenca vascular cerebral em idosos (48,49). A
elevacdo transitoria de triglicérides em individuos aparentemente saudaveis leva a formacao
de particulas de LDL mais densas e menores com grande potencial aterogénico e mais
suceptiveis a oxidagdo. Estas particulas, quando no espaco sub-endotelial podem ser
reconhecidas primariamente pelos macrofagos, os quais podem dar inicio ao processo de
aterogénese. Vale resaltar que, ao contrario das particulas de LDL, as particulas ricas em
triglicérides sdo captadas pelo macrofago sem necessidade de oxidacao prévia (46).

Outros mecanismos, ja estudados no periodo de lipemia pds-prandial, que também
levariam a doenga arterial coronariana, seriam os efeitos pro-tromboticos (50-53) deste estado
e o efeito deletério na funcao endotelial (54,55). A lipemia leva a um aumento de fator VII da
coagulacdo e do fibrinogénio no plasma, evento que associado a instabilidade das placas
aterosclerdticas, promoveria a obstrugdo arterial. Além do mais, neste estado, ha um
incremento na produgdo do PAI-1, que diminuiria a possibilidade de fibrindlise caso um

trombo se forme nas artérias (52,56). Ao mesmo tempo, em que a funcdo endotelial estd
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diminuida (57-60), e que a hipertrigliceridemia cronica induzida em modelos animais associa-
se a modificacdes deletérias na respiracao mitocondrial destas celulas (61).

Evidéncias recentes parecem apontar para diferentes respostas individuais a
sobrecarga de lipidios provinientes de uma dieta padronizada, com a presenga de momentos
distintos do pico de triglicérides no periodo poés alimentar, variando entre 2-8h, sendo os
individuos com pico tardio, aparentemente, mais susceptiveis a desenvolvimento de
aterosclerose (62).

Na tentativa de modular a resposta deletéria da lipemia pos-prandial, diversas
drogas ja foram testadas nesta situa¢do, em especial os fibratos (63-66) e as estatinas (67,
68), apesar de outras classes de medicamentos também ja terem sido testadas, como os
derivados do &cido nicotinico (69) e a colestiramina (70). Os fibratos por atuarem
diretamente na via exdgena do metabolismo das lipoproteinas, estimulando a produgdo da
enzima lipoproteina lipase, apresentam melhores resultados do que as estatinas na redugao
dos niveis de triglicérides no periodo em questdo, porém algumas estatinas mais potentes,
como a atorvastatina e rosuvastatina, apresentem resultado mais parecido com o dos
fibratos. Associacdes de fibratos com estatinas também foram testadas neste periodo
(71,72) com boa resposta dos niveis de triglicérides. Estudos prospectivos evidenciam
ganho em sobrevida ou diminuicdo de eventos adversos nos pacientes tratados com estas
drogas (73-75).

Sendo assim, apesar de muitos aspectos ja terem sido abordados sobre o periodo pos
alimentar, ha ainda muitos aspectos a serem estudados, em especial sobre o estresse

oxidativo em grupos de individuos que apresentem estados patoldgicos durante este periodo
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como cardiopatas, diabéticos, hipertensos, dislipidémicos e outros para uma melhor

compreensdo do processo de aterogénese.
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Objetivos
GERAL
Caracterizar a composi¢do quimica da HDL por sexo e por idade em populagdo
normolipidémica no jejum e no periodo pos-prandial com énfase no estresse oxidativo
plasmaético e celular.
ARTIGO 1

Os objetivos do artigo foram estabelecer os valores de normalidade da concentracao de
colesterol e triglicerideos contidos nas subfragdes de HDL (HDL, e HDL;) em adultos
normolipidémicos, estratificando estes valores em subgrupos relativos ao sexo e idade dos
individuos; bem como comparar a concentracdo de colesterol e triglicerideos contidos nas
subfracdes de HDL nestes subgrupos.
ARTIGO 2

Os objetivos do artigo foram avaliar o impacto de uma refeicdo padronizada na
composi¢cdo quimica das HDL e na sua atividade antioxidante em individuos adultos
saudaveis; bem como caracterizar a atividade das proteinas tranferidoras de lipidios e sua
influéncia na composi¢do quimica das HDL e na sua atividade antioxidante no periodo pods-
prandial; e ainda avaliar o impacto do enriquecimento em triglicerideos das HDL sobre a
conformacao da apolipoproteina A-I.
ARTIGO 3

Os objetivos do artigo foram caracterizar as mudancas na geragdo intracelular de
espécies reativas de oxigénio, consumo intracelular de oxigénio e na fun¢do endotelial no
periodo pos-prandial em adultos saudaveis apos uma refei¢do padronizada; bem como

correlacionar estes achados com as mudangas no perfil lipidico e glicidico.
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Abstract

Background: For a better understanding of the metabolism of high-density lipoproteins’s
(HDL) subfractions we analyzed the distribution of lipids in HDL, and HDL3 in an adult
normolipidemic population without coronary atherosclerosis.

Methods: Ninety-three males and 92 females, healthy and normolipidemic, volunteered to be
submitted to a clinical examination, a blood collection and to answer a questionnaire aimed at
determining signs and symptoms of atherosclerotic disease. Their fasting plasma lipid,
lipoproteins, apolipoproteins and the cholesterol and triglyceride concentrations in HDL, and
HDL;, isolated by microultracentrifugation, were determined by enzymatic-colorimetric
methods.

Results: The interpercentile intervals (2.5 to 97.5) for the population were established as being
5 to 18 mg/dL in men and 4 to 28 mg/dL in women for HDL,chol and 1 to 57 mg/dL in men
and 2 to 61 mg/dL in women for HDL3chol. HDL,Tg in men was 1 to 26 mg/dL and in women
2 to 28 mg/dL; moreover, the HDL;Tg intervals were established as 4 to 46 mg/dL for both
sexes.

Conclusions: The determination of reference ranges for lipids in HDL subfractions in
populations without overt atherosclerosis, is an useful tool for metabolic, diagnostic and
therapeutic approaches. We determined the intervals for HDL,chol, HDLschol, HDL,Tg and
HDL;Tg. There were variations with sex and/ or age for HDL,chol, HDL;chol and HDL,Tg in

the studied population.

Key words: HDL subfractions reference ranges; HDL,chol; HDL;chol; HDL,Tg; HDL;Tg.
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1. Introduction

As in economically developed countries worldwide, Brazil has a very high frequency of
cardiovascular disease, although a decrease in the mortality rate from CHD may now be
observed, as shown in a recent study [1]. In Campinas, an urban area in the state of Sao Paulo,
the age-classified mortality rates for ischemic disease are similar to those obtained for the
North-American population. The most frequent cause of death is cardiovascular disease,
representing 30.5% of the deaths notified in 2002 and 2003 [2].

The great clinical interest in the evaluation of plasma lipoproteins is generated by its
importance in the determination of CHD risk, the therapeutic follow-up of dyslipidemia and
the prevention of CHD [3].

Prospective studies demonstrate that the risk for coronary disease is directly related to
low-density lipoprotein cholesterol (LDLchol) and inversely related to high-density lipoprotein
cholesterol (HDLchol) levels in plasma [4, 5]. An increase of 10 mg/dL in HDLchol levels is
associated with a 42% reduction in the risk for CHD [4-7].

Using multivariate analysis, studies carried out by Lipid Research Clinics Program
Follow-Up Study demonstrated that the HDLchol is a variable with strong predictive value for
mortality by CHD. Independently of cholesterol levels (including values below 200mg/dL), the
CHD risk was inversely associated with the level of HDLchol and the total-chol/HDLchol ratio
identified people at high risk. According to the same analysis, HDLchol was shown to be a
factor having twice the predictive power than LDLchol for CHD risk [8, 9].

The mechanisms responsible for the antiatherogenic property of HDL are still not
completely elucidated and are certainly not restricted to its plasmatic concentration. The

heterogeneity of HDL particles, in terms of density (HDL,, HDL3), size (HDL;,, HDL;,,
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HDL;,, HDL3, and HDL3,, and protein content of apolipoprotein (apo Al or apo Al plus apo
All) should be considered specially in patients with increased risk for CHD. Therefore, the
analysis of the composition of HDL subfractions could be a better predictor of risk of coronary
disease than the total HDL quantification. Recent studies correlate concentrations of different
HDL subfractions with the risk of coronary and extra-coronary disease [10-18] but this issue is
not clear yet.

Until now there have been very few reports in the literature on the determination of the
reference intervals for lipids in HDL subfractions in adults. Therefore the objective of this
work was to determine the reference ranges of cholesterol and triglycerides in HDL
subfractions, by sex and age, from an adult population without evidence of established

cardiovascular disease.

2. Materials and methods
2.1. Subjects and lipoprotein profile evaluation

A total of healthy individuals, selected by consecutive sampling, 93 men and 92
women, aged from 20 to 86 years participated in this study. They were as well normolipidemic
according to NCEP III’s (19) criteria and presented serum levels up to borderline for total
cholesterol (Tchol), up to near or above optimal for LDLchol, and desirable for triglyceride
(Tg).

The individuals were examined at the Dyslipidemia Clinic of the University Hospital -
UNICAMP for anthropometric measurements and for information on the presence of
cardiovascular disease. Established cardiovascular disease (CVD) was defined as the occurrence

of one or more of myocardial infarction, coronary artery bypass grafting and percutaneous
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transluminal coronary angioplasty, stroke, transient ischemic attack and peripheral arterial

disease and these individuals were excluded from the study.

Blood samples were collected in EDTA-containing tubes (following a 12-hour fast) for
the lipoprotein profile evaluation (total cholesterol, LDLchol, HDLchol, triglycerides,
apolipoprotein Al and B100) and to obtain HDL (HDL, and HDL;) subfractions. Total-
cholesterol (Tchol) and triglyceride (Tg) serum levels were quantified by enzymatic-
colorimetric methods in the analyzer Hitachi (Roche). HDLchol was enzymatically determined
in the supernatant after sodium phosphotungstate/MgCl, ApoB100-containing lipoprotein
precipitation and LDL-chol by the Friedewald’s equation. Apolipoprotein Al and B100 (Apo
Al and B100) were quantified by nephelometry Array 360 (Beckman, Palo Alto, EUA).

HDL subfraction isolation was achieved by the microultracentrifugation [20] technique.
Following Apo B100-containing lipoprotein precipitation, 90uL of the supernatant containing
total HDL was transferred to polyethylene tubes, with 45uL of KBr solution (d=1.346 g/mL)
added for density adjustment to 1.125 g/mL. HDL, was isolated after ultracentrifugation for 3
hours and thirty minutes at 4°C, 20 psi, 100,000g, in an Airfuge microcentrifuge rotor A100-30
(Beckman, Palo Alto, EUA). Thirty microliters of the supernatant (corresponding to the HDL,;)
were removed for cholesterol and triglyceride quantification. The remaining infranatant
(105uL), corresponding to the HDL; fraction, was submitted to the same measurements (Tchol
and Tg).

The study protocol was approved by the Ethics Committee of the School of Medical

Sciences, UNICAMP.
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2.2. Statistical Analysis

Data normal distribution was tested by the Kolmogorov-Smirnov test. Logarithmic
transformation was applied to Tchol, HDL3;Tg and ApoB100. For the comparison tests for sex
and age groups (<39, 40 to 59 and >60years old), the analysis of variance (ANOVA)
monofactorial was used as well as Mann-Whitney or Kruskal-Wallis tests. Correlation
between the HDL subfractions and anthropometric variables were verified by the Spearman

test. All statistical analyses were considered significant when p values were < 0.05.

3. Results

According to NCEP III’s criteria [19] serum lipids, lipoproteins, and body mass index
(BMI) were within optimal and/or desirable limits. The Apo Al and B100 values (Table 1) are
in agreement with the manufacturer’s reference ranges: 73 to 169 mg/dL and 58 to 138 mgdL,

respectively.

When the population was analyzed by age, significant higher values for Tchol,
LDLchol, HDLchol, ApoAl and Apo B100 serum levels were found in individuals older than
40 years of age, in agreement with the literature (Table 1).

Surprisingly, when the data were analyzed by sex, Tchol, LDLchol were higher in
women than in men, as well as ApoAl and Apo B100, but no age or BMI differences were
found (Table 1). The subgroup with BMI >25kg/m” presented higher concentrations of total
cholesterol, LDLchol, Lp(a), HDLchol, HDLschol, as compared to individuals with BMI <

25kg/m’.
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HDLchol concentrations were significantly increased amongst women and increased
with age reaching a plateau by their fourties (Table 1). The older women did not present

higher Tchol or LDLchol values as compared to men in the same age group (data not shown).

Cholesterol and triglyceride contents of HDL subfractions (HDL, and HDLj) are
represented in Table 2. A significant difference was observed in HDL,chol, HDL,Tg and
HDLjschol, which were greater in women as compared to men; HDLschol was over two times
higher than HDL,chol in both sexes. There were no significant differences in HDL;Tg
concentrations irrespective of sex or age. Age differences were observed only for HDLschol,
with lower values in the middle aged group (Tables 2).

The interpercentile intervals (2.5 to 97.5) for HDL,chol was 5 to 18 mg/dL in men and
4 to 28 mg/dL in women. The same intervals for HDLjchol of the studied population were
established as being from 1 to 57 mg/dL for men and 2 to 61 mg/dL for women. For HDL,Tg
in men was 1 to 26 mg/dL and in women 2 to 28mg/dL; moreover the HDL;Tg intervals were
established as 4 to 46 mg/dL for both sexes.

Age correlated positively with HDL,chol (r=0.156), HDLschol (r=0.275) and with
HDL; Tg (r=0.147). The BMI did not correlate significantly with any one of the variables

tested.

4. Discussion
In the present study cholesterol concentrations in HDL subfractions are similar to some
population-control studies that evaluated cardiovascular risk [11,21-23], although they differ

from others [13, 24-27]. There is a lot of controversy in the literature concerning the role of
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HDL subfractions against atherosclerosis. Bakogianni et al [28] consider HDL, more
protective but others describe increased protection by HDL; including protection against LDL
oxidation [29-31].

Our data are in agreement with Hartung et al. [23], which showed an HDL3;chol mean
concentration of 39 mg/dL in sedentary women with a mean age of 41 years. Similar values
were described by Gardner et al. [32] that demonstrated values significantly higher in women
when compared to men in the same age group. Moreover, coherent results were obtained in
Meilahn's study [21], carried out in women with an average age of 50.6 years, mean BMI of
25.9 Kg/m?, whose HDLschol value was 39.5 mg/dL. We did not find statistically significant
sex differences in serum HDL,chol concentrations, as described by Gardner [32].

However, Shepherd et al. [33] showed that HDL, and HDL; are substantially different
in lipid and protein composition and, that HDL,chol concentrations are higher in women than
in men. The increased HDLjchol in women, demonstrated in the present work, could be a
protective factor against atherosclerosis in this sex. In contrast with our study, HDLschol
concentrations was not different between the sexes in Shepherd et al.’s [34] study.

The variability of results found in the literature regarding cholesterol concentrations in
HDL subfractions may be due to small sample sizes, differences in methodologies
(ultracentrifugation, electrophoresis or selective precipitation) or to characteristics variations

in the studied populations, such as BMI, age range, sex or lifestyle.

Evidence from controlled clinical trials indicates that modifications in lifestyle are
determinant for concentrations of HDL, HDL,chol, HDLschol and Apo AI[10, 21, 33].
Physical activity and alcohol consumption increase the two subfractions; physical activity

affects predominantly HDL,chol [10, 21, 24, 34], while alcohol consumption interferes with
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HDL;chol [14, 35, 36]. Obesity and insulin resistance are associated with low HDLchol and
HDL,chol levels and a high rate of HDL3chol [32]. The exogenous estrogen predominantly

increases HDL,chol levels, while testosterone may diminish them [22, 32].

In climacterium, when cardiovascular diseases are important cause of death, women
present a decline in HDLchol and an increase in LDLchol levels with consequent increased
risk [27]. Moreover, it is known that HDLchol levels present a greater impact on the mortality
rate and on cardiovascular disease evaluation risk in women than in men [37]. Therefore, in
this period, cholesterol evaluation in HDL subfractions could contribute to define lifestyle
alterations, precocious use of medication or more rigorous control of already existing
pathologies.

This study introduces cholesterol and triglyceride reference ranges for HDL
subfractions in a normolipidemic adult population, without evidence of established CVD.
Moreover, these reference limits in a population without overt atherosclerosis, are important
guides in the evaluation of patients’ CHD risk. Further studies on the chemical composition of
HDL in populations presenting atherosclerosis are necessary to fully understand the clinical

meaning of these parameters in atherosclerosis.
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Table 1 - CLINICAL AND BIOCHEMICAL PARAMETERS BY SEX AND AGE*

AGE

Parameters Male Female <39years  >40 <59 years > 60 years

(n) (93) (92) (122) (45) (18)

AGE (years) 35+18 39+14 2745 49+6 74+8

BMI® (Kg/m?) 23+2 23£3 2312 2413 2413
Tchol (mg/dL) 162428 178+£35% 159£29%* 191431 194+29
LDLchol (mg/dL) 100+23 107+27* 97+24%** 119+24 115423
HDLchol (mg/dL) 42+11 S1£11* 441 1%* 51+12 55+12
Tg (mg/dL) 104+46 109+51 103£51 110+48 117+37
Apo Al (mg/dL) 135423 150+25* 137£24%* 151+24%* 151+29
Apo B100 77120 102+£34* 86+£33** 101+27 91+21

(mg/dL)

“ Data expressed as mean + SD; n=185; ° BMI= body mass index; Mann-Whitney and
ANOVA tests,*and ** p<0.05, respectively to sex and age comparison
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Table 2- CHOLESTEROL AND TRIGLYCERIDES IN HDL SUBFRACTIONS BY SEX
AND AGE"

SEX AGE

Parameters Male Female <39 years >40 <59 years >60 years

(n) (93) (92) years (122) (45) (18)
HDL,; chol 1143 14£7%* 1345 14£10 114
(mg/dL)
HDL,Tg 916 1248* 14£7 1248 1315
(mg/dL)
HDL;chol 28+16 33+18* 42+10 35+15% 43£10
(mg/dL)
HDL;Tg 16+8 19£12 1616 20£12 18£8
(mg/dL)

*Data expressed as mean + SD; n=185; Mann-Whitney and ANOVA tests: * p<0.05;
differences defined by age groups
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Postprandial lipemia induces impaired antioxidative activity of dense HDL3
particles: Implication of core lipid composition and cholesteryl ester

transfer protein activity

Fabio L. Sodré, Sandrine Chantepie, Eliana C. de Faria, David Bonnet, Linda Curtiss, M. John

Chapman and Anatol Kontush”

Université Pierre et Marie Curie-Paris 6, Paris, F-75013 France; AP-HP, Groupe hospitalier
Pitié-Salpétriere, Paris, F-75013 France; INSERM, Dyslipoproteinemia and Atherosclerosis
Research Unit 551, Paris F-75013 France (FLS, SC, MJC, AK); Department of Clinical
Pathology, Campinas State University, Campinas, Sdo Paulo, Brazil (FLS, ECF); Department

of Immunology, Scripps Research Institute, La Jolla, CA 92037, USA (DB, LC)

) Corresponding author: Dr. Anatol Kontush, INSERM Unité 551, Pavillon Benjamin
Delessert, Hopital de la Piti¢, 83 boulevard de 1'Hopital, 75651 Paris Cedex 13, France. Tel.

33-1-42177976. Fax 33-1-45828198. E-mail kontush@chups.jussieu.fr

Sources of support: National Institute for Health and Medical Research (INSERM), France;
Fondation pour la Recherche Médicale, France; French Atherosclerosis Society; AstraZeneca,

France; International HDL Research Award from Pfizer, USA.

Running title: Impaired functionality of postprandial HDL

47



Background and Objective The postprandial phase features perturbed intravascular lipid
metabolism of apolipoprotein B-containing (VLDL, IDL, LDL) and apolipoprotein A-I-
containing (HDL) lipoproteins, inflammation and oxidative stress, key proatherogenic factors.
Dense HDL3 exert potent antioxidative activity (AOX) which is inversely related to oxidative

stress. Is HDL antioxidative function therefore defective postprandially?

Design and Results Healthy normolipidemic males (n=10) consumed a liquid meal (25% fat)
providing 40g fat/m* body surface. Postprandial hypertriglyceridemia (plasma triglyceride (TG)
concentration, +78% at 4h; p<0.01) was associated with increased cholesteryl ester transfer
protein (CETP) activity and diminution of HDL-cholesterol concentration (-6%; p<0.05) and
HDL cholesteryl ester (CE) content (-13%; p<0.05). AOX of postprandial dense HDL3c was
attenuated (up to -22%; p<0.05) as determined by protection of reference LDL from oxidation,
was negatively correlated with plasma TG concentrations and HDL TG content and positively
correlated with HDL CE content. When dense HDL particles were enriched in TG in vitro, their
AOX was abrogated and the accessibility of apolipoprotein A-I to monoclonal antibodies

reduced.

Conclusions Transient postprandial elevation in CETP activity drives reduction of HDL CE core
content, resulting in impaired HDL AOX, potentially via conformational alterations in
apolipoprotein A-I. Such phenomenon may contribute to enhanced atherogenicity of the

postprandial phase.

Keywords: CETP; triglycerides; oxidative stress; HDL subfractions; core lipids; apolipoprotein

A-1
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Elevated nonfasting concentrations of triglyceride (TG) have been recently reported to represent a
novel risk factor for cardiovascular disease."” * The postprandial phase is characterised by
transient alterations in lipid and carbohydrate metabolism including hypertriglyceridemia,
reduced concentrations of HDL-cholesterol (HDL-C) and hyperglycemia.” * Postprandial TG-
rich, apolipoprotein B (apoB)-containing lipoproteins, such as chylomicron remnants, VLDL and
VLDL remnants, may penetrate the arterial intima and possess multiple proatherogenic properties
including induction of inflammatory response, oxidative stress and endothelial dysfunction. These
factors, acting in a synergistic manner, play an important role in the initiation, progression and
clinical complications of atherosclerosis.’

Atherogenic dyslipidemia, an imbalance between circulating concentrations of atherogenic apoB-
containing lipoproteins relative to those of anti-atherogenic, apoA-I-containing lipoproteins, is
associated with arterial retention of LDL, oxidative stress, inflammation and endothelial
dysfunction.6 Oxidative stress, an emerging cardiovascular risk factor,” 8 acts directly to modify
LDL in the arterial intima into highly pro-atherogenic particles.’ In contrast, apoA-I-containing
HDL exerts a spectrum of antiatherogenic and vasculoprotective activities principal among which
are cellular cholesterol efflux, together with antioxidative, anti-inflammatory, and anti-thrombotic
actions.’

HDL particles are however highly heterogeneous in structure, intravascular metabolism and
antiatherogenic activity.lo’ "' Thus, small, dense, protein-rich HDL particles possess elevated
capacities to accept cellular cholesterol,'® to inhibit expression of adhesion molecules' and to
protect LDL from oxidation'* as compared to large, light, lipid-rich HDL. Such potent anti-
atherogenic activities of small, dense HDL can however be compromised in the atherogenic

dyslipidemias characteristic of two common insulin-resistant states, i.e. Metabolic Syndrome
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(MetS) and Type 2 diabetes.'> '® Alterations in HDL metabolism and composition, which include
attenuated plasma residence time, accelerated renal catabolism and core lipid enrichment in TG
and depletion of cholesteryl ester (CE) as a result of enhanced cholesteryl ester transfer protein
(CETP) activity, are characteristic of such atherogenic lipid phenotypes.'> ' Dense HDL3
particles in these dyslipidemias are deficient in antioxidative activity (AOX); furthermore, AOX
of dense HDL is inversely related both to core lipid replacement of CE by TG, and to elevated
levels of oxidative stress in vivo, as measured by plasma 8-isoprostanes, an integrative
biomarker."> ',

In the postprandial phase, CETP activity increases concomitant with increase in plasma
concentrations of TG-rich particles which act as acceptors of CE from HDL, but equally as
donors of TG to HDL.'"" ' As a consequence, HDL become CE depleted and TG enriched,
suggestive of impaired AOX."” A link between postprandial lipid metabolism and HDL
functionality has been equally suggested by recent studies of the influence of fatty acid
composition of a meal on the anti-inflammatory potential of HDL.*® We therefore evaluated the

impact of meal intake on HDL AOX in normolipidemic subjects over the postprandial period and

provide evidence for impaired AOX in postprandial dense HDL.

Subjects and Methods

Subjects. Ten healthy, non-obese (body mass index (BMI, 23.1+1.7 kg/m?), normotensive
(systolic blood pressure, 119+7 mm Hg; diastolic blood pressure, 72+8 mm Hg), normolipidemic
(Table 1), normoglycemic, male volunteers were recruited at the Campinas State University
(Campinas, Brazil). All subjects were aged between 20 and 39 years (27.6+3.7 years), non-

smokers, and either abstainers or moderate alcohol consumers (<25 g/d). Blood pressure and
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physical data were determined during a complete clinical examination. None of the subjects
presented renal, hepatic, gastrointestinal, pulmonary, endocrine, or oncological disease or were
receiving a specific diet, antioxidative vitamin supplementation or drugs known to affect
lipoprotein metabolism for at least 2 months before the study. All subjects gave written informed
consent; the protocol was in accordance with local institutional guidelines and was approved by
the local Ethical Committee for Clinical Research.

Meal. After a 12h overnight fast, a lactose-free, high-fat, milkshake liquid meal was consumed at
8 a.m. over a period of up to 10 min. The meal contained 25% fat, 55% dextromaltose and 14%
protein providing 40g fat/m® of body surface. The meal contained 43% saturated, 38%
monounsaturated and 19% polyunsaturated fat.

Blood samples. Venous blood samples were collected on ice in the fasting state at baseline and 4
and 8h later in the postprandial phase. Serum and EDTA plasma (final EDTA concentration, 1
mg/mL) were immediately separated by centrifugation at 4°C, aliquoted and frozen at -80°C; each
aliquot was thawed only once immediately before analysis.

Plasma total cholesterol (TC), LDL-cholesterol (LDL-C), HDL-cholesterol (HDL-C),
triglycerides (TG) and lipoprotein (a) concentrations were measured using commercially available
kits (coefficients of variation <7%).'*'°

Isolation of lipoproteins. Five physicochemically-defined HDL subfractions corresponding to
light HDL2b (d 1.063-1.087 g/mL) and 2a (d 1.088-1.110 g/mL), and dense HDL3a (d 1.110-
1.129 g/mL), 3b (d 1.129-1.154 g/mL) and 3c (d 1.154-1.170 g/mL), were isolated by isopycnic

density gradient ultracentrifugation.?'

The resolution and reproducibility of this preparative
density fractionation of highly purified HDL particle subspecies have been extensively

documented.'* ?"* * Total HDL was prepared by mixing all five HDL subfractions at their
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equivalent serum concentrations. Reference LDL (1.018-1.065 g/mL), VLDL (d 1.000-1.018
g/mL) and centrifugal bottom fraction (d >1.21 g/mL) was isolated by the same procedure from
one healthy normolipidemic control subject. All subfractions were extensively dialysed against
phosphate-buffered saline (PBS; pH 7.4) at 4°C in the dark, stored at 4°C and used within 2 days.
Enrichment of dense HDL in TG in vitro. Dense HDL3b subfraction was chosen for these
experiments as on the one hand, the yield of HDL3c subfraction, which displays the most potent
AOX, is not sufficient for such approach and on the other hand, AOX of HDL3b is still high
enough as compared to less dense HDL subfractions characterised by a higher yield. Freshly
isolated HDL3b (650 pL) was enriched in TG upon incubation with freshly isolated VLDL (570
uL) and centrifugal bottom fraction (80 pL) as a source of CETP for 3h at 37°C. At the end of the
incubation, HDL3b particles were re-isolated using density gradient ultracentrifugation as above.
As a control, HDL3b was incubated in parallel in the absence of VLDL and the bottom fraction.
Chemical composition of lipoproteins. TC, free cholesterol (FC), phospholipid (PL) and TG
contents of isolated lipoprotein subfractions were measured using commercially available kits
(CHOP-PAP, Biomerieux, France); cholesteryl ester (CE) content was calculated by multiplying
the difference between TC and FC by 1.67.%' Total protein was measured using the BCA assay.
Total lipoprotein mass was calculated as the sum of total protein, CE, FC, PL and TG.
Concentrations of apoA-I and apoA-II were determined by immunonephelometry.'*

Oxidation of lipoproteins. We have previously established that the dense HDL3c subfraction
displays potent antioxidative activity (AOX).'* In the present study, we therefore measured AOX
of total HDL and of the HDL3c subfraction. The AOX was assessed towards normolipidemic
reference LDL.'® # LDL (10 mg TC /dL) was oxidised in the absence or presence of HDL

particles at 37°C in Dulbecco’s PBS (pH 7.4) by 1 mmol/L 2,2"-azobis-(2-amidinopropane)
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hydrochloride (AAPH); HDL subfractions were added to LDL immediately before oxidation.
Antioxidative activity of the HDL3c subfraction was determined at a final concentration of 10 mg

16, 23

total mass/dL. Total HDL was used at a final concentration of 40 mg total mass/dL.

Accumulation of conjugated dienes was measured as the increment in absorbance at 234 nm.'®*
Absorbance kinetics were corrected for the absorbance of AAPH itself run in parallel as a blank.
The kinetics of diene accumulation revealed two characteristic phases, the lag and propagation
phases. For each curve, the duration of each phase, average oxidation rates within the propagation
phase and amount of dienes formed at the end of the propagation phase (maximal amount of
dienes) were calculated.

Activities of plasma lipid transfer proteins. Plasma cholesteryl ester transfer protein (CETP)
activity was measured using an exogenous fluorescent substrate (Roar Biomedical, New York,
NY, USA). Lecithin-cholesterol acyltransferase (LCAT) activity was measured as a
phospholipase activity using a fluorescent LCAT activity kit (Roar Biomedical, New York, NY,
USA). Inter- and intraassay coefficients of variation were 5.1 and 6.5% for LCAT activity'® and
<3% for CETP activity”* measurements, respectively.

Biomarkers of oxidative stress and inflammation. Systemic levels of oxidative stress were
characterised as plasma concentrations of oxidised LDL (oxLDL) measured using an ELISA kit
(Mercodia, Uppsala, Sweden). This assay employs antibody 4E6 directed against a
conformational epitope in the apoB-100 moiety of LDL that is generated as a consequence of
aldehyde substitution of the lysine residues of apoB-100.

The level of systemic inflammation was assessed as plasma concentrations of high-sensitive C-

: . . . 15, 16
reactive protein (hsCRP) measured with an immunoassay. >
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ApoA-I conformation in HDL. Set of previously characterised epitope-defined monoclonal
antibodies to apoA-I was used to probe the influence of TG enrichment on the conformation of
apoA-I in HDL. The association and dissociation rate constants of each antibody were measured
using surface plasmon resonance analysis as described elsewhere.”” All measurements were
obtained on a BIAcore 2000 system (Pharmacia Biosensor AB, Uppsala, Sweden).

Statistical analysis. Differences between paired variables were analyzed by Wilcoxon’s matched
pairs test or by Student’s t-test when appropriate. Differences between unpaired variables were
analyzed using Mann-Whitney U-test or Student’s t-test when appropriate. Spearman’s
correlation coefficients were calculated to evaluate relationships between variables. All results are
expressed as means =SD unless otherwise indicated. Calculations were performed using

STATISTICA 6.1 (StatSoft Inc., www.statsoft.com) software package.

Results

Time course of changes in plasma lipids, apolipoproteins, lipid transfer protein activity and
biomarkers of oxidative stress and inflammation over the postprandial period. As expected,
circulating concentrations of TG significantly increased after consumption of a fat-rich meal
(+78% and +58% at 4 and 8h respectively; Table 1). The TG area-under-the-curve values were
typical for those reported for normolipidemic controls'® (data not shown).

Small but significant reductions (-6%, p <0.05 vs. baseline) in plasma concentrations of both
HDL-C and LDL-C were observed 4h after the meal; these concentrations rebounded to baseline
after 8h. By contrast, no postprandial changes were detected in circulating concentrations of TC,

apoB, apoA-I, lipoprotein (a) and glucose (Table 1).
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CETP activity measured against an exogenous substrate significantly increased in the
postprandial phase (up to +7.4% at 4h, p <0.05 vs. baseline), whereas LCAT activity was not
modified significantly (Table 1). Similarly, systemic biomarkers of oxidative stress (oxLDL) and

inflammation (hsCRP), which were normal at baseline,'® *

remained unchanged after meal
intake (Table 1). In the whole dataset, CETP activity was positively correlated with plasma
concentrations of hsCRP (1=0.56, p<0.01). LCAT activity was positively related to plasma apoA-
I concentrations (r=0.45, p<0.05), consistent with the role of apoA-I as an activator for LCAT.*®.
Circulating concentrations of oxLDL were strongly correlated with those of TC, LDL-C and apoB
(data not shown).

Circulating concentrations, chemical composition and size of HDL particles. As seen above for
HDL-C concentrations, total HDL mass was also significantly reduced after 4h (-9.5%, p <0.05
vs. baseline), but partially rebounded at 8h (Table 2). The postprandial decrease in total HDL
mass was accompanied by significant decreases in HDL concentrations of CE (26.5£7.5 vs.
30.5£5.2 mg/dL at baseline, p<0.01), FC and total protein (data not shown). The relative %
chemical composition of total HDL was affected to a lesser degree (Table 2). Thus, the content of
PL increased significantly (+4%) after 4h, while that of CE tended to fall and that of TG to rise
(p=0.09), potentially reflecting enhanced CE/TG heteroexchange by CETP (Table 2).
Compositional changes observed in total HDL were confirmed in individual HDL subfractions.
Small, dense HDL particles were affected to the highest extent; HDL3a, 3b and 3c subfractions
presented significant diminution in mass 4h after the meal (-16%, p<0.01; - 16%, p<0.05; and -
19%, p<0.01, respectively; Table 2). The decrease in the mass of dense HDL particles reflected

significant reductions in absolute concentrations of CE, FC, apoA-I, apoA-II, total protein (except

HDL3c) and PL (only in HDL3c) after 4h; in addition, CE concentrations were significantly
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reduced in HDL3b after 8h (data not shown). The postprandial weight % composition of HDL
subfractions was characterised by diminished content of CE, FC and total protein as well as by
elevated content of PL (Table 2, or data not shown). By contrast, no significant alteration in the
molar content of apoA-I and apoA-II in HDL subfractions, or in the apoA-I/apoA-II ratio, was
observed during the postprandial phase (data not shown). Similarly, particle size was not
significantly altered during the postprandial phase in any HDL subfraction (data not shown).

In the whole dataset, plasma CETP activity was negatively correlated with HDL content of CE
(total HDL, r=-0.37, p<0.05; HDL2b, r=-0.44, p<0.05; HDL3a, r=-0.46, p<0.05) and positively
with HDL content of PL (total HDL, r=0.38, p<0.05; HDL2b, r=0.54, p<0.01; HDL3a, r=0.39,
p<0.05). Plasma LCAT activity was positively correlated with HDL concentrations of CE
(HDL3a, r=0.53, p<0.01; HDL3b, r=0.50, p<0.01; HDL3c, r=0.51, p<0.01), total protein and
apoA-I (data not shown). Plasma hsCRP showed positive correlations with lipoprotein content of
TG (e.g. total HDL, r=0.52, p<0.01; HDL3c, r=0.63, p<0.001) and negative correlations with the
content of CE (e.g. total HDL, r=-0.59, p<0.01; HDL3c, r=-0.57, p<0.01) in all five HDL
subfractions.

AOX of HDL. Previous studies have presented evidence that small, dense HDL subfractions
potently protect LDL from oxidation at late stages of oxidation and are less active at early stages
such as the lag phase.'* Therefore, we evaluated the AOX of dense HDL3c during the first (lag)
and second (propagation) phases of LDL oxidation. Consistent with published data,'* both the
dense HDL3c subfraction and total HDL fraction delayed AAPH-induced oxidation of reference
LDL at a physiological HDL to LDL ratio of 2-6 mol/mol. Thus, at baseline, both dense HDL3c
and total HDL significantly prolonged the propagation phase (+75%, p<0.001, and +101%,

p<0.01, respectively), decreased the oxidation rate of LDL in this phase (-51%, p<0.001, and -
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75%, p<0.001, respectively) and reduced maximal formation of conjugated dienes (-9%, p<0.05,
and -34%, p<0.001, respectively); in addition, HDL3c prolonged the lag phase (+60%, p<0.05;
Figure 1).

Potent AOX of total HDL was significantly attenuated in the postprandial phase as documented
by a shorter propagation phase of oxidation (-35%) measured in the presence of HDL isolated
from postprandial sera of 8h as compared to baseline samples (148446 vs. 201+57% of values
measured with LDL alone respectively, p <0.01; Figure 1A). The oxidation lag phase was equally
shorter (114£27% vs. 128146 respectively); this difference did not however reach significance
(p=0.25).

Consistent with these data, the duration of the propagation phase measured in the presence of
dense HDL3c was significantly shorter (-12%) at the 8h time-point (15643 vs. 175+47% at
baseline, p<0.05; Figure 1B), thereby demonstrating that AOX of HDL3c was significantly
diminished in the postprandial phase. Furthermore, the duration of the lag phase determined in
the presence of HDL3c was significantly reduced at 8h postprandially (-22%; 131428 vs.
160£61% at baseline, p<0.05).

In the whole dataset, circulating concentrations of TG were inversely associated with AOX of
total HDL and dense HDL3c particles, consistent with positive correlations between plasma TG
concentrations and oxidation rates, and with negative correlations between TG concentrations and
the duration of the propagation phase measured in the presence of total HDL and HDL3c (Table
3; Figure 2A). Furthermore, changes in plasma TG concentrations were correlated with changes
in HDL AOX as exemplified by positive correlations between the increase in plasma TG and the
increases in the oxidation rate of total HDL (r=0.89, n=10, p=0.001) and of HDL3c (r=0.75,

n=10, p=0.01) after 8h, indicating that the observed correlations reflected metabolic alterations in
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the postprandial phase rather than interindividual variability. By contrast, plasma concentrations
of HDL-C were directly related to AOX of total HDL, consistent with the negative correlation
between HDL-C concentration and maximal amounts of dienes (Table 3; Fig; 2B).

Interestingly, concentrations of hsCRP were inversely related to AOX of HDL particles,
consistent with negative correlations between hsCRP concentrations on the one hand and duration
of lag phase and propagation phase on the other (Table 3); by contrast, no significant relationship
was observed between AOX of HDL and concentrations of oxLDL (data not shown).

The AOX of HDL particles was intimately related to their chemical composition. Thus, the AOX
of both total HDL and dense HDL3c was inversely related to their TG content, as documented by
negative correlations between %TG content and duration of the oxidation phase (Table 3; Figure
3A); furthermore, correlations of % TG content in HDL with oxidation rates and maximal amount
of dienes were positive. By contrast, the content of CE in HDL was directly associated with AOX
of both total HDL and dense HDL3c (positive correlations of %CE with duration of the oxidation
phase; negative correlations between %CE content and oxidation rates and maximal amount of
dienes; Table 3; Figure 3B). As a consequence, the CE/TG ratio was directly related to the AOX
of total HDL (negative correlation with maximal amount of dienes; Table 3). Furthermore,
changes in the HDL content of core lipids were correlated with changes in the AOX as
exemplified by correlations between the increase in the oxidation rate and the decreases in the CE
weight% (r=0.75, n=10, p=0.01) and in the CE/TG ratio (r=0.64, n=10, p<0.05) in HDL3c after
8h. In addition, HDL content of PL was negatively associated with AOX of HDL (Table 3).
Finally, strong intercorrelations were observed between antioxidative activities of HDL3c and
total HDL particles. For example, significant positive correlations were observed between

oxidation rates in the propagation phase (r=0.73, p<0.001), phase duration (r=0.60, p<0.001) and
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maximal diene concentrations (r=0.70, p<0.001) measured in the presence of total HDL and
HDL3c, suggesting that HDL3c can account for up to 50% of the AOX of total HDL.
Correlations between oxidation rates in the propagation phase with the duration of this phase
were equally significant but negative (e.g. r=-0.51, p<0.01, for the correlation between oxidation
rate in the presence of total HDL and the phase duration in the presence of HDL3c, or r=-0.61,
p<0.001, for the correlation between oxidation rate in the presence of HDL3c and the phase
duration in the presence of total HDL).

Enrichment of dense HDL in TG in vitro. In order to directly address the role of HDL core lipids
for the AOX, HDL3b subfraction freshly isolated from a healthy normolipidemic donor was
enriched in TG in vitro upon incubation with freshly isolated VLDL and centrifugal bottom
fraction as a source of CETP (modified from *’). As a result, HDL3b content of TG was increased
by +88% (on the basis of the TG/protein ratio; p<0.01, n=5) as compared to control HDL3b
incubated in parallel in the absence of VLDL and the bottom fraction. Whereas control HDL3b
inhibited oxidation of reference LDL (decrease in the oxidation rate in the propagation phase of -
22% and prolongation of this phase of +33%), HDL3b enriched in TG completely lost its AOX
(Figure 4).

The influence of TG enrichment on the conformation of apoA-I in dense HDL was characterised
using a set of previously characterised epitope-defined monoclonal antibodies to apoA-L> The
association rate constants of these antibodies with reconstituted HDL are differentially influenced
by TG enrichment, distinguishing between antibodies that are sensitive (such as Al-115.1 and Al-
141.7) and insensitive (such as Al-11) to the conformational changes in apoA-1.%° Using surface
plasmon resonance analysis, we observed that the association rate constants of the antibodies Al-

115.1 and AlI-141.7 were decreased by -13 and -23% respectively as a result of in vitro TG
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enrichment of dense HDL3c (Figure 5). By contrast, the association rate constant of the antibody

Al-11 remained unchanged.

Discussion

Our studies provide evidence that AOX of dense HDL particles is significantly impaired in the
postprandial phase in healthy normolipidemic subjects following intake of a fat-rich meal. Indeed,
the diminished core content of CE and elevated TG of postprandial HDL particles, which
reflected enhanced activity of CETP over the postprandial period, correlated with impairment in
the AOX of dense HDL. As dense HDL particles were major determinants of the AOX of the
total HDL fraction, accounting for up to 50% of the latter, total HDL equally displayed
diminished AOX in the postprandial phase paralleled by CE depletion and TG enrichment.

Our previous studies have established that deficient AOX is a key feature of dense HDL in the
atherogenic dyslipidemias of MetS and Type 2 diabetes."> ' Mechanistically, this deficiency may
involve CETP-mediated replacement of CE by TG in the HDL lipid core, resulting in the altered

1,>> 2® whose capacities to remove oxidised lipids from LDL* and/or to

conformation of apoA-
degrade lipid hydroperoxides®® may be compromised. More precisely, enrichment in TG reduces
exposure of apoA-I to the aqueous phase, because of its increased penetration into the lipid core
of HDL,” whose fluidity increases.’' In the present studies, we observed that in vitro enrichment
of dense HDL particles in TG abrogated their AOX and reduced the accessibility of
apolipoprotein A-I to monoclonal antibodies, further supporting the link between altered
conformation of apoA-I and functional deficiency of dense HDL. These data are highly consistent

with our present findings concerning the relationship of core CE and TG content to AOX of

postprandial HDL.
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The postprandial phase features marked elevation in plasma concentrations of TG-rich particles
maintained over the 8h period, indicative of accelerated CETP-mediated heterotransfer of CE
from HDL to TG-rich lipoproteins and accelerated transfer of TG from TG-rich lipoproteins to
HDL."" ' Such accelerated transfer rates primarily result from increase in donor and acceptor
particle numbers rather than in CETP mass,'® ultimately leading to altered chemical composition
(TG enrichment, CE depletion) of HDL particles" and reduced plasma concentrations of HDL-C
and of total HDL mass.** All these major metabolic alterations were observed in our study, being
particularly pronounced in dense HDL3. The key role of CETP in CE depletion of HDL is
emphasised by negative correlations between CETP activity and %CE content in HDL. By
contrast, LCAT produces CE from FC in postprandial HDL; this activity is primarily associated
with dense HDL,> consistent with positive correlations between LCAT activity and %CE content
in HDL3. In addition, transfer of lipolytically-derived surface remnants of TG-rich lipoproteins to
HDL produces HDL acceptor particles enriched in PL," a feature of the postprandial phase
equally confirmed in our studies.

Similar mechanisms may thus account for the impairment of AOX of dense HDL3 and total HDL
in atherogenic dyslipidemia of MetS and Type 2 diabetes and in the postprandial phase, as both
MetS and Type 2 diabetes on the one hand and the postprandial state on the other, are
characterised by elevated concentrations of TG, reduced concentrations of HDL-C and elevated
CETP activity.* Negative correlations between AOX of HDL and plasma concentrations and
HDL content of TG, positive correlations between AOX of HDL and plasma concentrations of
HDL-C, and positive correlation between the AOX and HDL content of CE strongly support this
mechanistic link. Moreover, the postprandial replacement of CE by TG in the lipid core of dense

HDL3 and resulting deficiency in the AOX of HDL may also play a pro-inflammatory role, as
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suggested by negative correlations between circulating concentrations of hsCRP and AOX,
positive correlations between hsCRP concentrations and HDL content of TG and negative
correlations between hsCRP concentrations and HDL content of CE. Importantly, potent
vasodilatory capacity of HDL particles has been recently reported to be deficient and to
negatively correlate with HDL content of TG in patients with Type 2 diabetes’ and in obese
subjects.*® Furthermore, AOX of total HDL is compromised in postmenopausal as compared to
premenopausal women and is negatively correlated to HDL TG,” lending further support to our
postulate that alterations of HDL core lipid composition are a key determinant of antiatherogenic
activities of HDL particles.

3, 4 .
* * Mechanisms

Postprandial lipemia represents a prooxidative and pro-inflammatory state.
potentially involved in the postprandial induction of oxidative stress include increased generation
of superoxide anion and peroxynitrite, reduced bioavailability of nitric oxide, and dietary
consumption of lipid or carbohydrate peroxidation products.” * We did not however observe any
significant increase in concentrations of oxXLDL, a biomarker of systemic oxidative stress, in this
postprandial study involving 10 normolipidemic subjects. As expected, concentrations of oxLDL
strongly correlated with those of LDL-C; small but significant diminution in LDL-C
concentrations might therefore have contributed to the absence of a significant postprandial
increase in oxLDL concentrations. Moreover, we observed significantly elevated concentrations
of oxLDL (+21%, p=0.016 vs. baseline) 8h postprandially in a larger study which involved 41
healthy normolipidemic subjects (E. de Faria et al., unpublished data). The lack of significance of
the elevation in oxLDL concentrations in the present study can therefore be regarded as a

consequence of the small sample size. Our data on the deficient AOX of postprandial HDL are

thus consistent with elevated oxidative stress; deficient AOX of HDL, primarily of dense HDL3,
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might contribute to enhanced oxidative stress in the postprandial state. This mechanism is further
supported by the detection of both deficient AOX of dense HDL3* and elevated concentrations
of oxLDL* and 8-isoprostanes® in hypertriglyceridemic MetS subjects. It is of note that
oxidative stress may in turn impact on HDL particles, resulting in the oxidation of specific amino
acid residues of apoA-I, such as Tyr’’ and Met,** with potentially deleterious effects on HDL
functionality. However, taking into account that postpandial changes in HDL core lipids are much
greater than those in biomarkers of oxidative stress, we consider this possibility unlikely.

We hypothesise that postprandial deficiency in the AOX of HDL particles may result in the
accumulation of proinflammatory oxidised lipids, primarily oxidised PL.*' and in chronic low-
grade oxidative stress and inflammation in the arterial wall. Endothelial dysfunction may ensue,
contributing to postprandial atherogenesis. ** * Indeed, in hyperlipidemic and hyperglycemic
subjects at high cardiovascular risk, endothelium-dependent vasodilation is impaired and
biomarkers of oxidative stress elevated in the postprandial state, suggesting an important
pathological role of postprandial oxidative stress.” * A significant period during the day is spent
in the postprandial state in Western societies,”” further emphasising the importance of the
postprandial deficiency in HDL AOX.

Consistent with our data, consumption of a meal rich in saturated fat significantly reduced the
anti-inflammatory potential of HDL and impaired endothelial function in healthy subjects.” In
contrast, the anti-inflammatory activity of HDL improved after consumption of polyunsaturated
fat,?’ raising the possibility that postprandial proinflammatory and prooxidative response may be
reduced via modulation of meal composition. The fatty acid composition of our test meal was

intermediate between the two meals, rich in either saturated or polyunsaturated fat, employed by

63



Nicholls et al.,”® consistent with the moderate but significant deficiency in the AOX of HDL
observed in our studies.

The potential importance of dietary intervention in the postprandial phase is further supported by
the beneficial effects on postprandial oxidative stress and endothelial dysfunction observed upon
co-supplementation with antioxidants.* Therapeutic reduction of hypertriglyceridemic and
proinflammatory responses in the postprandial phase, such as that provided by statins,
represents another promising approach. Our present studies thus suggest that small, dense HDL
particles constitute a novel therapeutic target in the atherogenic postprandial phase, which can of

special interest in subjects displaying an abnormally elevated postprandial response, such as in

. . . 44
insulin-resistant states.
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Table 1. Plasma lipid and apolipoprotein concentrations, lipid transfer protein activities and biomarkers of oxidative stress and

inflammation at baseline and during the postprandial phase in normolipidemic healthy subjects (n=10)

Postprandial
Baseline (0h)
4h after the meal 8h after the meal
TC (mg/dL) 147127 147127 148+25
TG (mg/dl) 90+42 160+89%** 142493*
HDL-C (mg/dl) 5016 47£7* 4948
LDL-C (mg/dl) 95424 89+24%* 93422
ApoB (mg/dl) 70+19 71£15 74+15
ApoA-I (mg/dl) 132+12 13312 134£10
Lipoprotein (a) (mg/dl) 19422 18420 18420
Glucose (mg/dl) 87+7 95420 83+5
CETP activity' 45+13 49+15%* 47£15
LCAT activity 25+8 2546 26+7
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oxLDL (U/L) 54+14 56x14 56x19

hsCRP (mg/L) 1.241.2 1.1£1.2 1.0£1.1

#¥p <0.01, *p <0.05 vs. corresponding value at baseline (in a fasting state); ' % transferred substrate; 204 hydrolysed substrate.
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Table 2. Circulating concentrations and % chemical composition of total HDL and of dense HDL3c at baseline and during the

postprandial phase in normolipidemic healthy subjects (n=10)

Postprandial
Baseline (Oh)
4h after the meal 8h after the meal
Total HDL
Total mass (mg/dl) 177£33 160£27* 166£30
Chemical composition (weight %)
FC 3.310.3 3.310.4 3.510.4
PL 28.4£1.8 29.4£2.0%* 31.0+5.3
CE 17.242.2 16.7£2.5 17.244.0
TG 4.8+11.9 524+23 49421
Protein 45.842.5 45.5%1.7 48.2+7.9
HDL3c
Total mass (mg/dl) 4749 38+7** 43+10
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Chemical composition (weight %)

FC
PL
CE
TG

Protein

2.310.8

18.7£1.7

10.7£2.6

4.4+3.2

64.0£2.5

1.8+0.5%*

16.4+5.8

9.6+3.9

4.914.8

65.9+3.1

2.0£0.5

19.6+1.5%

10.2+4.4

4.9+4.7

63.4+3.4

**p <0.01, *p <0.05 vs. corresponding baseline value.
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Table 3. Correlations between plasma parameters, chemical composition of total HDL and the HDL3c subfraction and parameters of

LDL oxidation at baseline and during the postprandial phase in normolipidemic healthy subjects (n=10)

Correlation coefficients

Duration of the lag phase Oxidation rate in the Duration of the Maximal diene

propagation phase propagation phase concentration

HDL3c total HDL HDL3c total HDL HDL3c total HDL HDL3c total HDL

HDL-C -0.08 -0.08 -0.28 -0.31 0.03 -0.16 -0.13 -0.41*
TG -0.31 0.12 0.64%** 0.61%** -0.53%* -0.45* 0.10 0.33
hsCRP -0.41* -0.26 0.34 0.31 -0.46%* -0.44%* -0.07 0.01
CE% in HDL 0.42%* 0.14 -0.64%** -0.60%** 0.59%** 0.42%* 0.34 -0.47%*
CE% in HDL3c 0.49%* -0.001 -0.51%* -0.49%* 0.42* 0.16 -0.34 -0.58%**
TG% in HDL -0.42%* -0.09 0.57%** 0.53%* -0.43* -0.35 0.37* 0.49%*
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TG% in HDL3c -0.42%*

PL% in HDL -0.40*
PL% in HDL3c -0.04
CE/TG in HDL -0.25
TG/TP in HDL -0.35

-0.41*

-0.10

0.15

-0.02

-0.08*

0.10

0.31

0.20

0.09

0.11

0.40*

0.15

0.11

-0.33

0.58%#*

-0.19

-0.31

-0.24

0.03

-0.07

-0.20

-0.44*

-0.11

0.16

-0.36

0.13

0.17

-0.13

0.28

0.22

0.32

-0.09

0.12

-0.41*

0.56%**

##%p <0.001, **p <0.01, *p <0.05.

78



Figure Legends

Figure 1. Antioxidative activity of total HDL (A) and HDL3c (B) expressed as duration of the
lag phase of LDL oxidation (squares), oxidation rate in the propagation phase (diamonds),
duration of the propagation phase (triangles) and maximal concentration of conjugated dienes
(circles) before and after meal intake. Numbers denote % differences relative to corresponding
values at Oh and are only shown if these differences are significant; ** p<0.01, * p<0.05 vs Oh
(Wilcoxon’s matched pairs test).

Figure 2. Correlations between oxidative parameters and plasma lipid concentrations. (A)
Correlation between LDL oxidation rate in the propagation phase and plasma TG
concentrations. (B) Correlation between maximal concentration of conjugated dienes and
plasma HDL-C concentrations. Open circles, baseline; crosses, 4h after meal consumption;
filled circles, 8h after meal consumption.

Figure 3. Correlations between LDL oxidation rate in the propagation phase and HDL contents
of TG (A) and CE (B). Open circles, baseline; crosses, 4h after meal consumption; filled
circles, 8h after meal consumption.

Figure 4. Antioxidative activity of dense HDL3b enriched in TG in vitro. (A) Kinetics of LDL
oxidation in the absence (open circles) and presence of control HDL3b (filled circles) and
HDL3b enriched in TG (crosses). Results of one representative experiment are shown. (B)
Oxidation rate in the propagation phase and duration of the propagation phase measured in
presence of control HDL3b (open bars) and HDL3b enriched in TG (filled bars). The data are
meanstSD of 5 independent experiments with HDL3b obtained from 2 healthy

normolipidemic donors; * p<0.05 vs control HDL3b (Wilcoxon’s matched pairs test).
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Figure 5. Influence of TG enrichment of dense HDL3c on the association rate constants of
epitope-defined monoclonal antibodies Al-115.1, AI-141.7 and Al-11 raised against human
apoA-L.>> The association rate constants measured using surface plasmon resonance analysis
are shown for control HDL3c (open bars) and HDL3c enriched in TG (filled bars); the
numbers at the bars represent % change vs. control HDL3c. The data are means=SEM of 3 to 6

independent experiments with HDL obtained from 3 healthy normolipidemic donors.
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Abstract

Background and aims: To characterize changes in generation of cellular reactive oxygen
species (ROS) in healthy males during postprandial state, and to analyze the influence of
postprandial state on endothelial ROS generation and endothelial dysfunction. Methods and
Results: Seventeen healthy subjects were recruited. Blood samples were collected before and
2,4, 6 and 8 hours (hrs) after liquid meal intake (25% fat, 55% dextromaltose, 14% protein),
providing 40g fat/m” body surface. Plasma lipids, apolipoproteins, glucose and insulin were
measured during this period. Peripheral blood mononuclear cells (PBMC) were isolated by
density gradient centrifugation. The influence of postprandial state on intracellular ROS
generation was measured by two different methods in PBMC and in a human immortalized
endothelial cell line (ECV 304). Artery flow-mediated vasodilation (FMD) was used to
evaluate the endothelial function and oxygen consumption by PBMC was measured. Reduced
ROS generation was observed in all methods and cells during the postprandial period. FMD
was impaired 8 hrs after meal intake (23+6 vs. 1342, p<0.05, vs. baseline). The consumption
of oxygen was reduced in PBMC (-14% into 2 hrs, p<0.05 vs. baseline and -27% after 4 hrs,
p<0.01 vs. baseline). ROS generation was correlated with plasma lipids, insulin,
apolipoproteins and oxygen consumption. Conclusions: In contrast to previously reported
elevation of postprandial oxidative stress, this study shows reduced ROS generation in PBMC
and in ECV 304. Data obtained in both cellular models suggest the existence of a protective

response against plasma postprandial oxidative stress.
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Introduction

Atherosclerosis is a chronic degenerative disease of the arteries characterized by an
accumulation of lipids in arterial walls (1, 2). Oxidation of lipoproteins has been postulated as
one of the initial events in the development of atherosclerosis (3, 4). The oxidants responsible
for changes in lipoprotein structure have been intensively studied, and several studies consider
superoxide generation as the major agent that promotes low-density lipoprotein (LDL)
oxidation by macrophages and endothelial cells (5). Normally, this ROS generation occurs due
to an electron “leakage” from mitochondrial electron transport chains. As well, the cell could
be damaged by free radicals in the presence of hydrogen peroxide. In spite of being not a
radical, this molecule is readily converted to the highly reactive hydroxyl radical and leads to
lipid peroxidation.

Although genetic factors strongly predispose individuals to an increased risk of atherogenesis,
environment and unhealthy lifestyle also play a fundamental role. In 1970s, Zilversmit
postulated that postprandial phenomenon was a promoter of atherosclerosis (6). The
mechanisms that link the postprandial state with cardiovascular disease include endothelial
dysfunction (7), oxidative stress (8) and inflammation (2, 9).

The postprandial state is characterized by alteration in lipid and carbohydrate metabolism,
including hypertriglyceridemia, hyperglycemia and reduced concentration of HDL-cholesterol
(HDL-chol) (10, 11). The triglyceride-rich particles become progressively smaller by action of
lipoprotein lipase generating remnant-like particles (RLPs). The elevation in RLPs is related to
impairment of endothelium-dependent vasodilation (12); moreover, it may penetrate in the
arterial intima and directly initiate the atherogenic process. Increased triglyceride and glucose

into plasma change the energetic metabolism and promote imbalance in oxidative status;
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postprandial hypertriglyceridemia leads to a decrease in LDL size, which is more prone to
oxidation; in addition, oxidized lipids can be directly absorbed by the intestine and released
into plasma by intestinal cells (13). Finally, the observed meal-related increases of
proinflammatory cytokines are indicative of low-grade inflammation commonly observed in
proatherogenic states (14).

Therefore, we carried out this study to characterize changes in cellular ROS generation in
healthy male subjects after a standard meal, by measuring ROS generation in freshly isolated
peripheral blood mononuclear cells (PBMC), using different intracellular markers and the
influence of postprandial sera in ROS generation on endothelial cell line. We related these
results to lipid and carbohydrate changes during the postprandial state, and we also evaluated

endothelial function by measuring the endothelial-mediated vasodilation during this period.

Materials and Methods

Subjects. Seventeen adult male non-smokers aged 20 to 39 years were recruited for this study.
Blood pressure and physical data were determined during a complete clinical examination.
None of the subjects presented signs of diseases by laboratory data or medical examination or
was receiving medicaments for at least two months prior to the study. All subjects were
normolipidemic, according to the National Cholesterol Education Program III (15), and fasting
blood glucose was <100mg/dl, systolic blood pressure <130mm Hg, diastolic blood pressure
<85mm Hg, and waist circumference <102cm. All participants gave written informed consent;
the procedures followed were in accordance with local institutional guidelines and approved

by the local Research Ethics Committee.
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Postprandial protocol. In a second day (an average of two days later), after a 12-hr overnight
fast, the subjects ingested a lactose-free milkshake liquid meal at 8 a.m. This liquid meal
contained 25% of fat, 55% of dextromaltose and 14% of protein, providing 40g fat/m” of body
surface for a period up to 10min. Blood samples were collected at fast state and after 2, 4, 6, 8
hrs. Plasma and serum were immediately separated by centrifugation at 4°C; aliquoted and
frozen at -80°C; each aliquot was thawed only once directly before experiments. Twenty ml of

whole blood was collected in heparin for PBMC isolation.

Chemical characterization of serum parameters. Glucose, total cholesterol (Tchol),
triglyceride (TG), HDL-chol and LDL-chololesterol (LDL-chol) sera levels were quantified by
enzymatic-colorimetric methods using commercially available kits (Roche Diagnostic,
Mannheim, Germany). Lipoprotein (a) [Lp (a)], apolipoprotein A-I (apo A-I) and
apolipoprotein B100 (apo B100) were quantified by nephelometry (Beckman, Brea, USA), and

insulin was measured by enzymatic chemiluminescence (DPC, Los Angeles, USA).

Oxidized LDL (Ox-LDL). Ox-LDL was measured by ELISA (Mercodia AB, Uppsala,
Sweden). In this assay, a monoclonal antibody is directed against antigenic determinants in the
Ox-LDL molecule (mAB-4E6). Ox-LDL concentrations are strongly correlated with plasma
LDL concentrations, and the latter is thus a key factor in determining absolute plasma Ox-LDL
concentration. To overcome this, several researchers in the field have considered the ratio Ox-

LDL/LDL-chol concentration. The results are expressed as the ratio.

Carotid intima-media thickness (IMT). The IMT was measured by ultrasonography, using

HDI 1500 ultrasound system equipment (ATL Ultrasound, Bothell, USA), with a 7-to 12-MHz
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color Doppler probe. The carotid IMT was calculated according to a standardized method and

individual results were expressed in millimeters as an average of the left and right carotid IMT.

Artery flow-mediated vasodilation (FMD): The measurement of brachial FMD was first
described by Anderson and Mark in 1989 (16). In order to assess non-invasively endothelial
function, brachial arteries are scanned using high resolution ultrasound imaging, under baseline
conditions (at rest) and during hyperemia induced by inflation and deflation of a
sphygmomanometer cuff mostly around the forearm distal to the site scanned with ultrasound.
The induced shear stress caused by the increased blood flow following transient ischemia leads
to nitric oxide release, which in turn causes local arterial vasodilation. Endothelial function,
defined as FMD, is estimated as the percent increase in vessel diameter, from baseline
conditions, to maximum vessel diameter during hyperemia. Impaired endothelial function of
the brachial artery assessed in this manner has been reported in asymptomatic adults with
elevated cardiovascular risk factors, such as smoking, hypercholesterolaemia, hypertension,
diabetes mellitus, and hyperhomocysteinaemia (17). This procedure was performed before, and

4 and 8 hrs after diet intake.

Peripheral blood mononuclear cell (PBMC) isolation. The blood sample collected in heparin
was used for PBMC isolation. The whole blood was layered on the Ficoll-Paque Plus®
solution and centrifuged at 1.350g for 25min. Differential migration during centrifugation
results in layers containing different cell types. The PBMC are found at the interface between
plasma and Ficoll-Paque Plus®. The cells were removed with a Pasteur pipette, transferred to

a new tube and washed twice with RPMI medium at 500g for 10min. Cellular viability was
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tested using the Trypan Blue exclusion method, and it was considered satisfactory when over

95%.

Endothelial cell model. ECV 304 cells are an immortalized endothelial cell line of human
umbilical vein origin (18). The cells were cultured in RPMI 1640 medium, supplemented with
2 mM L-glutamine, 100 U/mL penicillin, 100mg/mL streptomycin, and 10% fetal calf serum.
The cells were grown at 37°C, 5% CO,, in fully humidified air and subcultured twice weekly.

The viability of the ECV 304 cells was assessed by the Trypan Blue exclusion method.

Flow cytometric determination of intracellular ROS and light scatter of cell subpopulations.
Intracellular ROS generation was assessed by flow cytometry (FACS-Calibur, Becton—
Dickinson, San Jose, USA) as the ethidium (ETH) fluorescence, which is the oxidation
product of dihydroethidium. Dihydroethidium is known as a probe that monitors the ROS
generation in living cells (19). The PBMC (1x10° cells/ml) were incubated in RPMI
supplemented with 1% fetal calf serum and 5 uM dihydroethidium for 70 minutes at 37°C in
an environment with 5% CO,. Lymphocytes and monocytes were identified in PBMC by their
light-scattering characteristics, enclosed with electronic gates, and analyzed for the intensity of
the fluorescent probe signal with CellQuest software.

ECV-304 cells (1.5 x 10° cells/ml) were seeded into 12-well plates and incubated in RPMI
medium supplemented with sera of the participants (25%) during the fasting and postprandial
periods for 50 minutes. After this time, we used the same environment described above. The

results were expressed as ETH fluorescence units.

Fluorimetric intracellular ROS measurement. The net ROS generation by PBMC (6 x 10°

cells/ml) was monitored wusing the membrane-permeable fluorescent dye 2',7'-
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dichlorodihydrofluorescein diacetate (1pum), according to Garcia Ruiz et al. (20). Fluorescence
was determined at 488 nm for excitation and at 525 nm for emission, with a slit width of 3 nm
in a spectrofluorometer (Hitachi f-4010, Tokyo, Japan). A calibration curve was obtained with
known concentrations of dichlorofluorescein (DCF), the product of dichlorodihydrofluorescein

diacetate oxidation.

Determination of cell oxygen consumption. Oxygen consumption was measured using a
Clark-type electrode (Hansatech Instruments Limited, Norfolk, UK) in standard reaction
medium (125 mM sucrose, 65 mM KCI, 2 mM inorganic phosphate, 1 mM magnesium
chloride, and HEPES buffer, pH 7.2) at 37°, in a 0.5 mL (15 % 10° cells/mL) thermostated
sealed glass cuvette equipped with a magnetic stirrer. Other additions are indicated in the
figure legends.

Statistical analysis. Differences between paired variables were analyzed by Student’s t-test.
Spearman’s correlation coefficients were calculated to evaluate relationships between

variables. All results are expressed as means £SD.

Results

Baseline parameters. Participants were young adults (2644 years), and all biochemical
parameters, anthropometric data, metabolic characteristics and IMT were within the reference

limits (data not shown).

Postprandial changes in plasma lipids, apoproteins, glucose, insulin, ox-LDL, ROS
generation and oxygen consumption. Two hours after diet intake, these subjects presented, as
expected, an increased concentration of plasma TG; the TG value was 80% higher than at

baseline (p < 0.001), significant increments were found into 4 and 6 hrs p<0.001, and into 8
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hrs, the TG values returned to baseline levels (table 1). By contrast, no postprandial changes

were seen in plasma HDL-chol and LDL-chol, Tchol, apo AL, apo B100, Lp(a) (table 1).

Carbohydrate metabolism was analyzed by sequential measurements of glucose and insulin.
Glucose presented no changes during the postprandial period; high concentration of
carbohydrates in the diet elicited a great increase in insulin concentrations observed 2, 4 and 6
hrs into the postprandial period (p<0.001), elevation that returned to baseline values 8 hrs after

diet intake (table 1).

An increase of 4% in circulating levels of Ox-LDL/LDL-chol ratio was observed during the

postprandial period, but no significant change was detected (table 1).

ROS generation presented significant reduction in all probes and models tested. ROS
generation measured by DCF in human PBMC showed a progressive reduction until 8 hrs into
postprandial period (-13% into 2 hrs, p<0.05 vs. baseline, -16% after 4 hrs, p<0.01 vs. baseline
and -29% after 8 hrs, p<0.001 vs. baseline) (figure 1A). Significant reduction of ROS
generation measured by ETH in the same cellular model described above was observed (data
not shown). The probe ETH detected an important decrease of ROS generation in human
lymphocytes (-21% into 2 hrs, p<0.001 vs. baseline, -19% after 4 hrs, p<0.01 vs. baseline and -
15% after 8 hrs, p<0.01 vs. baseline) and monocytes (-17% into 2 hrs, p<0.05 vs. baseline, -
21% after 4 hrs, p<0,05 vs. baseline and -18% after 8 hrs, p<0.01 vs. baseline) (figure 1B and
1C). The same phenomenon was observed in endothelial cellular model after stimuli with

fasting and postprandial sera (-8% into 2 hrs, p<0.05 vs. baseline) (figure 1D).

In parallel, the consumption of oxygen was reduced in human PBMC (-14% into 2 hrs, p<0.05

vs. baseline and -27% after 4 hrs, p<0.01 vs. baseline) (figure 1E).
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Correlations between plasma parameters and intracellular ROS generation and oxygen
consumption. Significant negative correlations were observed between ROS generation
measured by ETH and TG (r=-0.35, p<0.01 in lymphocytes, and r=-0.25, p<0.05 in
monocytes). ROS generation measured by ETH in lymphocytes also showed significant
negative correlations with LDL-C (r=-0.25, p<0.05), apo B100 (r=-0.32, p<0.01), and insulin
(r=-0.34, p<0.01). ROS generation measured by DCF was negatively correlated with HDL-C
(r=-0.29, p<0.05), and showed a strong negative correlation with apo Al (=-0.36, p<0.01); an
interesting positive correlation with Lp(a) was observed (r=0.24, p<0.05). In the endothelial
cellular model, the ROS generation measured by ETH was negatively correlated with apo Al
(r=-0.30, p<0.05); no other significant correlations were found in this experimental model with

plasmatic parameters (table 2).

The reduction of oxygen consumption was negatively correlated with insulin. Although no
other correlation was observed with plasmatic parameters, the oxygen consumption was
correlated with the ROS generation measured by ETH in lymphocytes (r=0.28, p<0.05) and
endothelial cellular model (r=0.32, p<0.05). In addition, oxygen consumption was also

correlated with ROS generation measured by DCF (r=0.32, p<0.05) (figure 2).

Finally, strong correlations between ROS generation measured by ETH were found in different
cellular models; between lymphocytes and monocytes (r=0.68, p<0.001), lymphocytes and
endothelial cells (r=0.26, p<0.05), and a trend between monocytes and endothelial cellular
model (r=0.21, p=0.08). ROS generation measured by DCF in PBMC was also positively
correlated with ROS generation measured by ETH in endothelial cell line (r=0.45, p<0.001)

(table 3).
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Endothelial function. FMD estimated as the percent increase in vessel diameter from baseline
conditions to the maximum vessel diameter during hyperemia was impaired 4 hrs after diet
intake (236 vs. 1345, p=0.1), and significantly reduced 8 hrs after meal intake (23+6 vs.

1342, p<0.05) (figure 1F).

Discussion

Several studies have shown that plasma environment is prone to oxidation during the
postprandial state (21, 22); the consumption of a meal containing oxidized and oxidizable
lipids leads to an increased concentration of lipid hydroperoxides in plasma (23). Moreover,
during postprandial lipemia, which is well-established to represent a prooxidative and pro-
inflammatory state, fat meal consumption is associated with elevated plasma biomarkers of
oxidative stress, including increased circulation levels of oxidation products
(malondialdehyde, nitrotyrosine), decrease of antioxidants (vitamin E, vitamin C, thiols,
glutathione peroxidase), increase susceptibility of LDL oxidation and elevated levels of CRP,

interleukin and TNF-a and adhesion molecules (2, 16, 24, 25).

Paradoxically, this study provides the first evidence that intracellular ROS generation is
reduced during the postprandial period in healthy subjects. We demonstrated a reduced ROS
generation, detected by two different probes in PBMC of these individuals. Consistent with
this data, the results were confirmed in an immortalized human endothelial cell line stimulated

with postprandial sera of these subjects.

The strong correlations among all the ROS generation models point in the direction that this is
a closely related phenomenon, and at least in healthy subjects these cellular models could

represent the same mechanism of protection due a prooxidative plasma environment. The
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reduction of oxygen consumption suggests that mitochondria plays a pivotal role in the
regulation of this cellular mechanism of protection against plasmatic oxidative stress during

the postprandial period; in addition, oxygen consumption was correlated with ROS generation.

Plasma TG and insulin were two markers that presented more pronounced modifications,
reflecting the extension of alteration in lipid and carbohydrate metabolism during the
postprandial phase; both of them were negatively correlated with at least one of the markers of
ROS generation. The lipoproteins or their apoproteins were correlated with models of ROS
generation; in case of proatherogenic ones, such as Ox-LDL, apo B100 and LDL-chol, the
negative correlation found may suggest a chronic prooxidative state, leading to an indirect
cellular defence mechanism in healthy subjects. In contrast, negative correlations between
HDL-chol and its apolipoprotein (apo Al) reflect the capacity of this lipoprotein to function as
a lipid acceptor to remove oxidized lipids from circulation, as demonstrated by several authors
(26, 27). The antioxidative activity of HDL decreases the oxidative stress commonly observed

during this period and, consequently, the cellular protective response.

Lipoproteins seem to be the most important inductors of this response against postprandial
oxidative stress, and it could be observed in an immortalized human endothelial cell line
stimulated with postprandial sera after a pretreatment using protein extracts. None of the

effects described in ROS generation was observed (data not shown).

In hyperlipidemic and hyperglycemic subjects, as type 2 diabetics, endothelium-dependent
dilation is impaired during the postprandial state, and biomarkers of oxidative stress are
elevated (10, 11, 28). Consistent with these data, the metabolic changes during the

postprandial state of healthy subjects confirmed these findings with reduction in ~50% of
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FMD, indicating the great reduction in generation of endothelial cell nitric oxide in vivo,

providing us an estimate of the endothelial dysfunction, and suggesting an important

pathological role of oxidative stress during postprandial state and cellular metabolic changes.

In western societies, a significant part of the day is spent in the postprandial state, further

emphasising the importance of this period in the development of atherosclerosis, pathology

that is closely related to unhealthy life styles and inappropriate dietary habits. The complete

elucidation of the involved mechanisms may improve the appropriateness of such dietary

intervention supported by beneficial effects on postprandial oxidative stress and endothelial

dysfunction (29), and the use of therapeutic strategies to reduce hypertriglyceridemia,

oxidative stress and proinflammatory responses during the postprandial phase (25, 30).
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Table 1. Plasma lipid, apolipoproteins, glucose and insulin at baseline and during the postprandial phase in normolipidemic healthy

subjects (n=17)

Postprandial
Baseline (0Oh)
2 hrs 4 hrs 6 hrs 8 hrs
Tchol (mmol/L) 4.07£0.73 4.04+0.62 4.04+0.62 4.07+0.62 4.12+0.65
TG (mmol/L) 0.89+0.54 1.56+0.70%**  1.41+£0.66***  1.13+0.72** 0.98+0.27
HDL-chol (mmol/L) 1.19£0.21 1.14+£0.231 1.14+0.21 1.17£0.21 1.22+0.21
LDL-chol (mmol/L) 2.75%0.70 2.64+0.6571 2.69+0.65 2.7240.62 2.82+0.67
OxLDL/LDL-chol (U/mmol) 4121 - 14,7£2.9 - 14.4£3.6
Apo B100 (g/L) 0.80+0.20 0.81+0.16 0.800.17 0.81+0.16 0.82+0.16
Apo A-I (g/L) 1.2540.15 1.24+0.17 1.26+0.17 1.26£0.16 1.28+0.15
Lp (a) (umol/L) 0.89+0.61 0.89+0.57 0.89+0.57 0.89+0.61 0.93+0.61
Glucose (mmol/L) 4.840.4 4.8+1.1 4.7+1.1 4.7+£0.6 4.7+£0.3
Insulin (pmol/L) 42+31 329+182%** 273£28%%* 196£98** 42+28
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% p <0.001, **p <0.01, *p <0.05, ¥p<0.10 vs. corresponding value at baseline
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Table 2. Correlation coefficients for plasma lipids,

normolipidemic healthy subjects (n=17)

apolipoproteins, oxLDL, glucose, and insulin with

ROS generation in

ETH  generation in|ETH  generation in|ETH generation in ECV- | DCF  generation in

lymphocytes monocytes 304 PBMC
Tchol -0.22 -0.11 -0.14 -0.08
TG -0.35%* -0.25% 0.01 -0.16
HDL-chol -0.04 0.11 -0.15 -0.29*
LDL-chol -0.26* 0.08 -0.19 -0.04
Apo A-1 0.12 -0.11 -0.30% -0.36**
Apo B100 -0.32* -0.18 -0.09 -0.03
oxLDL/LDL-chol -0.32* 0.04 -0.38%* -0.18
Lp(a) -0.16 -0.16 0.11 0.24*
Glucose -0.08 -0.08 0.20 0.22
Insulin -0.34** -0.11 -0.04 -0.02

##% 1 <0.001, **p <0.01, *p <0.05
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Table 3. Correlation coefficients between plasma ROS generation in different cellular models in normolipidemic healthy subjects

(n=17)
Parameters ETH generation ETH generation ETH generation DCF generation
in lymphocytes ~ in monocytes in ECV-304 in PBMC
ETH in lymphocytes -—- 0.68*** 0.26* 0.217
ETH in monocytes 0.68*** - 0.217 0.08
ETH generation in ECV-304 0.26* 0.217 - 0.45%%*
DCEF generation in PBMC 0.217 0.08 0.45%** ---

% <0.001, *p <0.05, p<0.10
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Figure 2
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Figure Legends

Fig. 1. ROS generation measured by DCF in human PBMC (A), ROS generation measured by
DHE in human lymphocytes (B), monocytes (C), and in an immortalized human endothelial
cell line (D), oxygen consumption in human PBMC (E); Flow-mediated dilation (FMD)
estimated as the percent increase (F). *** p <0.001, **p <0.01, *p <0.05, p<0.10 vs.

corresponding value at baseline.

Fig. 2. Correlation between oxygen consumption and ROS generation measured by DHE in
lymphocytes (A). Correlation between oxygen consumption and ROS generation measured by
DHE in endothelial cellular model (B). Correlation between oxygen consumption and ROS

generation measured by DCF in PBMC (C).
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Discussao geral

Diversos estudos demonstram uma clara associacdo entre concentracdo plasmatica de
colesterol contido nas HDL e prote¢do contra doenga cardiovascular (32,33). Esta protecao se
deve a algumas caracteristicas fisico-quimicas desta lipoproteina que age no transporte reverso
de colesterol para o figado e possui atividades antiinflamatoria, antioxidante, antiapoptdtica,
antiinfecciosa, antitrombotica e a¢do vasodilatadora (33). Nesta tese foram estabelecidos, pela
primeira vez os valores de normalidade da concentragdo de colesterol e triglicérides contidos
nas subfragdbes de HDL (HDL, e HDL;) em adultos normolipidémicos brasileiros;
estratificando estes valores em subgrupos relativos ao sexo e idade dos individuos; e
comparando as concentracdes de colesterol e triglicerideos contidos nas subfragdes de HDL
nestes subgrupos.

Os dados, obtidos nesta tese em relacdo aos valores de normalidade do conteudo de
colesterol e triglicérides nas HDL, e HDL3, conferem os obtidos por outros pesquisadores (76-
78). Além deste achado, os dados apresentados neste artigo relativos as comparagdes entre as
concentragoes de triglicérides e colesterol nas HDL por sexo também estdo em consonancia
com os disponiveis na literatura para outras populagdes (77). A presenca de concentragdes
mais elevadas de colesterol nas HDL, e HDL; pode ser um dos fatores que contribuem para
uma menor incidéncia de DCV nos pacientes de sexo feminino, principalmente na subfracao
HDLs3, na qual a concentragao de triglicérides ndo apresenta diferenca entre os sexos.

Variagdes de resultados em relagdo aos valores da normalidade para o conteudo de
colesterol e triglicérides nas HDL, e HDL; podem ser encontradas na literatura e isto se deve

principalmente a metodologia utilizada. Os métodos mais usuais para a separagdo das
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lipoproteinas sdo a ultracentrifugacdo, eletroforese e precipitagdo seletiva. Nesta tese foi
escolhida a ultracentrifugagdo. Este método foi selecionado pois € o método que mais preserva
as caracteristicas fisicas e quimicas da HDL, esta metodologia permite a separagdo em meio
aquoso das subfracdes e a andlise da atividade antioxidante desta particula, como foi feito em
outro experimento desta mesma tese. Outro fator que deve ser levado em consideragao ¢ a
selecdo da populacao estudada, principalmente o estilo de vida, dieta, IMC, idade e sexo. Este
estudo dos valores da normalidade para a populacdo saudavel serviu de base para a avaliagao
do periodo pds-prandial no compartimento plasmatico neste grupo de individuos.

Desde a primeira publicacdo, no final da década de setenta, que associava o periodo
pos-prandial com aterosclerose (22), esta relagao tem sido estudada em diversos aspectos
(26,29,31). Os lipidios ingeridos na dieta sdo absorvidos pelos enterdcitos e rapidamente
liberados na corrente sangiiinea sob a forma de uma lipoproteina rica em triglicérides e de
densidade reduzida, os quilomicrons. A presenga dos quilomicrons na circulagdo sanguinea
altera o metabolismo das lipoproteinas e é uma das razdes pelas quais o periodo pds-prandial €
potencialmente aterogénico.

A mais consistente hipdtese para o desenvolvimento da aterosclerose indica que a
geracdo de ROS e a subseqiiente oxidacdo da LDL, e sua deposi¢do no espago subendotelial,
s30 os eventos iniciais desta doenga (79,80). Dados obtidos pelo Laboratorio de Lipides da
Universidade Estadual de Campinas indicam que ha um aumento da concentracdo de LDL
oxidada neste periodo em individuos saudaveis (81). Outros grupos de pesquisadores ja
identificaram que este periodo estd intimamente relacionado ao estresse oxidativo plasmatico,

principalmente em individuos portadores de diabetes e/ou sindrome metabdlica (82).
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Na presente tese, a ingestdo da dieta padronizada levou a uma alteragdo significativa
nas concentracdes de triglicérides e insulina, resposta esperada a absor¢ao de nutrientes pelo
tubo digestivo. Acompanhando o aumento de triglicérides foi observada uma elevacdo da
atividade da CETP, enzima responsavel pela troca de éster de colesterol e triglicérides nas
lipoproteinas. Como as acdes antiaterosclerdticas da HDL s3o intimamente ligadas a sua
composi¢cdo quimica (34,38), o aumento da atividade da CETP provocou uma redugdo da
massa total e do contetido de ésteres de colesterol da HDL, principalmente na sua subfracao
pequena e densa e com mais potencial protetor contra a aterogénese, a HDL;.

Neste contexto, foi demonstrado pela primeira vez que individuos saudaveis
apresentam uma reducdo da atividade antioxidante da HDL e de suas sub-fragdes apos
ingestdo de uma dieta padronizada. A avaliagdo da atividade antioxidante das HDLs foi feita in
vitro baseada na duragdo da fase inicial (/lag phase) de oxidagdo, na dura¢do e na taxa de
oxidacdo da fase de propagacao (propagation phase) e pela concentragdo final de produtos da
oxidagao ou concentracao total de dienos conjugados (conjugated dienes).

A perda de atividade antioxidante foi observada no periodo pds-prandial nestes
individuos devido a significativas redugdes na duragdo da fase inicial e na fase de propagagao
bem como aumento na taxa de oxidacao.

Trés causas basicas levaram a estes achados. Em primeiro lugar, a diminui¢do da massa
total do HDL e de suas subfragdes, evidenciadas no artigo, reduzem diretamente suas
atividades. Ademais, o aumento da atividade da CETP provocou uma modificagdo da
composi¢do quimica da HDL, levando a um aumento da concentragdo de triglicérides e
reducdo da concentracdo de ésteres de colesterol. A acdo desta enzima tornou a HDL destes

individuos saudéveis muito semelhante quimicamente a HDL de individuos portadores de
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dislipidemias relacionadas ao diabetes ¢ a sindrome metabolica. E sabido que nestas patologias
ha uma redugdo da concentragdo total de colesterol nas HDL e diminuigdo das atividades
antioxidante, antiinflamatéria, antiapoptética e vasodilatadora (83-86). Por fim, a deficiéncia
funcional da apoA-I, observada pela diminui¢do das constantes de associacdo desta proteina
com anticorpos monoclonais especificos, leva a uma reducao da sua capacidade de remover
lipides oxidados da LDL e de degradar hidroperdxidos lipidicos (29,87,88). Todas estas
modificagdes descritas acima foram mais pronunciadas na subfragdo pequena e densa da HDL.

Vale ressaltar que o papel da CETP na redu¢do da concentracao de ésteres de colesterol
contidos nas HDL fica evidente com a correlagdo negativa entre estes dois parametros. O
artigo também confirma a correlagdo positiva entre LCAT e a concentracdo ésteres de
colesterol na HDL e ainda apresenta um aumento de fosfolipides na HDL provenientes de
remanescentes das lipoproteinas ricas em TG.

O mecanismo desta redugdo da capacidade antioxidante das HDLs fica ainda mais
evidente pelas correlagdes positivas desta atividade com a concentragdo total de HDL e
conteudo de ésteres de colesterol, bem como a correlagdo negativa com o conteudo de TG nas
HDLs.

Além da atividade antioxidante, o estudo sugere que estas modificagdes na massa total,
na composi¢cdo quimica e conseqiientemente na atividade antioxidante estdo associadas com o
estado pro-inflamatorio devido a correlagdo positiva entre PCR-as e contetido de TG nas
HDLs e negativa entre esta proteina de fase aguda e o contetido de CE nas HDLs. Outro dado
importante que pode ocorrer em especial neste periodo em individuos saudaveis ¢ a perda da
capacidade vasodilatadora em portadores de HDLs com este perfil de composi¢do quimica ja

relatados para individuos diabéticos (89,90) e obesos (91).
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Diante do exposto, a lipemia pos-prandial pode ser entendida como um estado pro-
oxidativo e pro-inflamatério no compartimento plasmatico de individuos saudaveis, logo esta
tese evoluiu para a analise do compartimento intracelular. Nesta fase foi avaliada a geracao de
ROS neste compartimento.

Estudos apontam que animais dislipidémicos apresentam uma elevagdo da geragdo de
ROS principalmente nas mitocondrias (92). Apesar de seu eficiente sistema de defesa
antioxidante esta organela também pode ser alvo de seus proprios radicais livres. Quando
lesada a mitocondria apresenta uma permeabilizacdo ndo especifica de sua membrana interna,
fenomeno conhecido como transicao de permeabilidade mitocondrial (20,93). A conseqiiéncia
deste fato ¢ o edemaciamento da organela e sua ruptura que pode levar a apoptose e a necrose
celular (94.). Em humanos dislipidémicos o excesso de produgdo de ROS ja foi demonstrado
(99).

Nesta tese, ao contrario do observado em cobaias e seres humanos dislipidémicos, foi
demonstrada uma redu¢do da geracdo de ROS no compartimento intracelular nas duas sondas
e nos modelos celulares testados de individuos saudaveis no periodo pds-prandial.

Foram testadas duas sondas a dihidroetidio (DHE) e diclorofluoresceina (DCF) na
avaliacdo de células sanguineas periféricas mononucleares (CSPM) e o DHE em uma
linhagem. O DHE mostrou uma redug¢ao mais expressiva nas primeiras horas apds a ingestao
da dieta, enquanto a DCF apresentou reducdo mais expressiva oito horas apds a ingestdo da
dieta. A diferente cinética de produgao de ROS nestas duas sondas provavelmente deve-se ao
fato de elas possuirem caracteristicas fisico-quimicas e metodologicas diferentes (96,97).

Independente destas diferengas entre as sondas descritas acima, a redugdo da geragao das

ROS foi consistente em ambas, indicando que, tanto no citoplasma como no compartimento
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mitocondrial, a reducdo de formagao e acumulo de radicais livres esta reduzida. Mais do que
isto, foram encontradas correlagdes significantes na geracdo de ROS mensurada pelo DCF e
pelo DHE nos modelos celulares testados mesmo com um numero limitado de individuos
utilizados neste estudo, sinalizando uma associa¢do entre os fenomenos descritos.

O modelo endotelial celular testado também apresentou uma reducao na geracao de ROS
quando avaliado pela sonda DHE. Este ultimo modelo apresentou queda significativa na
geragdo de radicais livres apenas quando estimulada com soro da segunda hora apos a ingestao
da dieta. Esta resposta menos expressiva do fenomeno pode ser atribuida ao grau do estimulo,
pois estas células ficaram expostas pouco mais de uma hora a uma concentra¢do de 25% de
soro humano. Apesar disto apresentou forte correlagdo com as outras duas sondas testadas,
ratificando tratar-se de um evento reprodutivel em outros modelos celulares com uma origem
plasmatica. Neste contexto, durante o jejum a célula tende a utilizar como fonte energética os
acidos graxos livres estimulando a via metabdlica da beta oxidacdo dos éacidos graxos e
inibindo o ciclo do acido tricarboxilico (98). A ativacao da beta oxidagdo dos acidos graxos €
funcionalmente associada ao peroxisome proliferator-activated receptor alfa (PPARa) (99),
enquanto a inibi¢cdo do ciclo do éacido tricarboxilico ¢ realizada pela isoforma 4 da piruvato
desidrogenase quinase (100). A alternancia da fonte energética celular entre o periodo de jejum
e pos-prandial pode estar associada ao decréscimo da produgdo intracelular de ROS pela
mudanga das vias celulares geradoras de energia como descrito acima.

Em sendo a mitocondria a maior geradora de ROS dentro da célula (13,14), foi avaliado
o consumo de oxigénio das CSPM. Esta medida também apresentou significativa redugdo no
periodo pos-prandial, principalmente, nas primeiras horas deste periodo. Quando este achado

foi correlacionado com a producdo de ROS, foram demonstradas significativas correlagdes
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positivas em todos os modelos e sondas apresentadas, levando a conclusdo de que o
metabolismo mitocondrial desempenhou papel fundamental nesta modificagdo do
comportamento celular.

Neste estudo, foi avaliada também a func¢do endotelial baseada na vasodilatagdao
mediada pelo fluxo arterial (101). A reducdo da funcionalidade do endotélio in vivo encontrada
denota uma incapacidade de responder e/ou de produzir 6xido nitrico. Este achado ¢
compativel com o aumento do estresse oxidativo plasmatico no periodo pos-prandial, tanto
pela presenca de substancias oxidadas ou indutoras de oxidacdao (102) como pela perda da
funcionalidade das HDLs ja discutidas nesta tese.

O grande aumento observado na concentracao sérica de insulina e de triglicérides reflete
a extensdo da alteracdo do metabolismo lipidico e glicidico no periodo pos-prandial. As
correlagdes negativas entre a geracdo de ROS e estes dois parametros foram encontradas, mais
uma vez associando-se o fendmeno pds-prandial com mudanga do comportamento celular.

As lipoproteinas e apoproteinas aterogénicas, como a LDL-ox, apolipoproteina B100 e
LDLs, apresentaram correlagdes negativas com a geragdo de ROS. Estas correlagcdes foram
interpretadas como uma resposta celular protetora ao estresse oxidativo em individuos
saudaveis. Em oposicao a este fato as correlagdes negativas com as HDLs e apoA-I refletem a
capacidade de estas particulas removerem lipides oxidados da circulagdo (29,87,88), reduzindo
o estresse oxidativo plasmatico e em conseqii€éncia a resposta intracelular de redugao da
geracdo de ROS. A importancia das proteinas, em especial das lipoproteinas, foi ratificada na
auséncia de resposta protetora intracelular (redugdo da geragdo de ROS) quando as células

endoteliais imortalizadas foram estimuladas com o mesmo soro pos-prandial pré-tratado para
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extragdo das proteinas. Este achado indica mais uma vez a importdncia do ambiente
plasmaético em relagdo a resposta intracelular.

Todos estes achados descritos acima levam a conclusdao de que individuos saudaveis
apresentam uma reducdo da geracdo intracelular de ROS em resposta as modificacoes
metabolicas pro-oxidativas plasmatica encontradas durante o periodo pos-prandial. A completa
elucidacdo do fendmeno ¢ caracterizacdo de individuos com modificagcdes no metabolismo,
que os tornem susceptiveis ao desenvolvimento de doenca aterosclerdtica poderdo indicar
intervencdes dietéticas e/ou terapéuticas que reduzam o estresse oxidativo e melhorem a

funcao endotelial durante a fase pos-prandial.
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Conclusoes

ARTIGO 1
v"As concentragdes de triglicérides e colesterol nas subfragdes de HDL em individuos
saudaveis e normolipidémicos brasileiros nao diferem de outros grupos populacionais
j& estudados. Nesta populagdo, os individuos de sexo feminino apresentaram
concentragdes mais elevadas de colesterol e triglicérides na sub-fragdo HDL, e de
colesterol na HDL3. Individuos com idade entre quarenta e sessenta anos apresentaram
niveis reduzidos de colesterol na HDL;.
ARTIGO 2
v' As modifica¢gdes no metabolismo lipidico no periodo pos-prandial de individuos
normolipidémicos produzem alteragdo da composi¢do quimica das HDLs reduzindo a
capacidade antioxidante desta lipoproteina, principalmente da sua subfragdo pequena e
densa. Esta acdo ¢ mediada pela CETP, que diminui a concentragdo de ésteres de
colesterol, aumenta a concentracdo de triglicérides e diminui a funcionalidade da apoAl
nesta lipoproteina, tornando-a muito semelhante quimicamente as HDLs de individuos
portadores de sindrome metabolica e/ou diabetes tipo 2, caracterizando este periodo
como pro-oxidativo e pré-inflamatdrio no compartimento plasmatico.

ARTIGO 3

v O periodo pés-prandial, caracterizado como um fendmeno plasmatico pré-oxidativo e
pro-inflamatorio, reduz a geracdo intracelular de ROS das células sangiiineas
periféricas em individuos normolipidémicos. Este fenomeno também ¢ reprodutivel em
células endoteliais in vitro e o endotélio apresenta-se disfuncional in vivo. A redugao

da geracdo das ROS ocorre tanto no citoplasma como na mitocondria e esta
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correlacionada com a reducdo de consumo intracelular de oxigénio. Esta reducao
caracteriza uma defesa celular contra o ambiente plasmatico pré-oxidativo.

GERAL

v' A composi¢do quimica da HDL em uma popula¢do brasileira normolipidémica no
jejum ndo difere de outras populagdes. No periodo pos-prandial, individuos
normolipidémicos apresentaram aumento do estresse oxidativo e inflamatorio no
compartimento plasmatico. Foram detectadas modificagdes na composi¢ao quimica das
HDLs compativeis com sua perda de funcdo. Reativamente, foi demonstrada, pela
primeira vez na literatura, a redu¢do da geracdo de ROS intracelular neste periodo.
Experimentos seguintes deverdo estudar os mecanismos bioquimicos desta resposta

protetora.

120



Referéncias

1.

Jessup W, Kritharides L, Stocker R. Lipid oxidation in atherogenesis: an overview.
Biochem Soc Trans. 2004; 32: 134-8.

Malik S, Wong ND, Franklin SS, Kamath TV, L'Italien GJ, Pio JR, et al: Impact of the
metabolic syndrome on mortality from coronary heart disease, cardiovascular disease,
and all causes in United States adults. Circulation. 2004; 110: 1245-50.

Kapp C. World Health Report charts way forward on CV disease prevention. Lancet
Neurol. 2002; 1: 461.

Weinstein MC, Coxson PG, Wilman L. Forecasting coronary heart disease incidence,
mortality and cost: The Coronary Heart Disease Policy Model. Am J Public Health
1987; 77: 1417-35.

Pyoriléd K, De Backer G, Graham I, Poole-Wilson Ikram MA, Seshadri S, Bis JC, et al.
Genomewide association studies of stroke. N Engl J Med. 2009; 360: 1718-28.

Pyordla K, De Backer G, Graham I, Poole-Wilson P, Wood D. D. Prevention of
coronary heart disease in clinical practice. Recommendations of the Task Force of the
European Society of Cardiology, European Atherosclerosis Society and European
Society of Hypertension. Eur Heart J. 1994; 15: 1300-31.

Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon RO 3rd, Criqui M, et
al. Markers of inflammation and cardiovascular disease: application to clinical and
public health practice: A statement for healthcare professionals from the Centers for
Disease Control and Prevention and the American Heart Association. Circulation.

2003; 107: 499-511.

121



10.

1.

12.

13.

14.

15.

16.

17.

Kannel WB, Wolf PA, Castelli WP, D'Agostino RB.. Fibrinogen and risk of
cardiovascular disease: the Framingham Study. JAMA. 1987; 258: 1183-6.

Yarnell JW, Baker IA, Sweetnam PM, Bainton D, O'Brien JR, Whitehead PJ, et al.
Fibrinogen, vicosity, and white blood cell count are major risk factors for ischeic heart
disease: the Caerphilly and Speedwell Collaborative Heart Disease Studies.
Circulation. 1991; 83: 836-44.

Libby P, Ridker PM. Novel inflamatory markers of coronary risk. Circulation. 1999;
100: 1148-50.

Gibbons GH, Dzau VIJ. The emerging concept of vascular remodeling. N Engl J Med.
1994; 330; 1431-18.

Boveris A, Chance B. The mitochondrial generation of hydrogen peroxide. General
properties and effect of hyperbaric oxygen. Biochem J. 1973; 134: 707-16.

Turrens JF. Superoxide production by the mitochondrial respiratory chain. Bioscience
Reports. 1997; 17: 3-8.

Liu SS. Generating, partitioning, targeting and functioning of superoxide in
mitochondria. Biosc Rep. 1997; 17: 259-72.

Turrens JF, Boveris A. Generation of superoxide anion by the NADH dehydrogenase
of bovine heart mitochondria. Biochem J. 1980; 191: 421-7.

Turrens JF, Alexandre A, Lehninger AL. Ubisemiquinone is the electron donor for
superoxide formation by complex III of heart mitochondria. Arch Biochem Biophys.
1985; 237: 408-14.

Doonan S, Barra D, Bossa F. Structural and genetic relationships between cytosolic

and mitocondrial isoenzymes. Int J Biochem. 1984; 16: 1193-9.

122



18.

19.

20.

21.

22.

23.

24.

25.

Ernster L, Forsmark P, Nordenbrand K. The mode of action of lipid-soluble
antioxidants in biological membranes: relationship between the effects of ubiquinol
and vitamin E as inhibitors of lipid peroxidation in submitochondrial particles.
Biofactors. 1992; 3: 241-8.

Cai J, Jones DP. Superoxide in apoptosis. Mitochondrial generation triggered by
cytochrome c loss.. J Biol Chem. 1998; 273: 11401-4.

Giulivi C. Funcional implications of nitric oxide produced by mitochondria in
mitochondrial metabolism. Biochem J. 1998; 332: 673-9.

Berlett SB, Stadtman ER. Protein oxidation in aging, disease, and oxidative strees. J
Biol Chem. 1997; 272: 20313-6.

Zilversmit DB. Atherogenesis: a postprandial phenomenon. Circulation 1979; 60:
473-85.

Surette ME, Whelan J, Broughton KS, Kinsella JE. Evidence for mechanisms of the
hypotriglyceridemc effect of n-3 polyunsaturated fatty acids. Bioch Biophys Acta.
1992; 126: 199-205.

Choi SY, Cooper AD. A comparison of the roles of the low density lipoprotein (LDL)
receptor and the LDL receptor-related protein a2-Macroglobulin receptor in
chylomicron remnant removal in the mouse in vivo. J Biol Chem. 1993; 268: 15804-
11.

Hultin M, Olivecrona G, OlivecronaT. Effect of protamine on lipoprotein lipase and

hepatic lipase in rats. Biochemical J. 1994; 304: 959-66.

123



26.

27.

28.

29.

30.

31.

32.

33.

34.

Nakandakare ER, Garcia RC, Rocha JC, Oliveira HCF, Sperotto G, Quintdo ECR.
Effects of Simvastatin, Bezafibrate and Gemfibrozil on the composition of the plasma
lipoprotein. Atherosclerosis. 1990; 85: 211-7.

Barrans A, Collet X, Barbaras R, Jaspard B, Manent J, Vieu C, et al. Hepatic lipase
induces the formation of pre-beta 1 high density lipoprotein (HDL) from
triacylglycerol-rich HDL2. A study comparing liver perfusion to in vitro incubation
with lipases. J Biol Chem. 1994 269: 11572-7.

Tsai JC, Perella MA, Yoshizumi M, Hsieh CM, Haber E, Schlegel R, et al. Promotion
of vascular smooth muscle cell growth by homocysteine: a link to atherosclerosis. Proc
Natl Acad Sci U S A. 1994; 9: 6369-73.

Fielding CJ, Fielding PE. Molecular physiology of reverse cholesterol transport. J
Lipid Res. 1995; 36: 211-28.

Barter P, Rye KA. Cholesteryl ester transfer protein: Its role in plasma lipid transport.
Clin Exp Pharmacol Physiol. 1994; 21: 663-72.

Quintao ECR. Is reverse cholesterol transport a misnomer for suggesting its role in the
prevention of atheroma formation?. Atherosclerosis. 1995; 116: 1-14.

Nicholls SJ, Tuzcu EM. High-density lipoprotein and atheroma monitoring. Curr Opin
Cardiol. 2008; 23 :386-92.

Assmann G, Nofer JR. Atheroprotective effects of high-density lipoproteins. Annu Rev
Med. 2003; 54: 321-41.

Barter P, Kastelein J, Nunn A, Hobbs R. High density lipoproteins (HDLs) and

atherosclerosis; the unanswered questions. Atherosclerosis. 2003; 168: 195-211.

124



35.

36.

37.

38.

39.

40.

41.

von Eckardstein A, Nofer JR, Assmann G. High density lipoproteins and
arterioscerosis. Role of cholesterol efflux and reverse cholesterol transport. Arterioscler
Thromb Vasc Biol. 2001; 21: 13-27.

Wang N, Lan D, Chen W, Matsuura F, Tall AR. ATP-binding cassette transporters G1
and G4 mediate cellular cholesterol efflux to high-density lipoproteins. Proc Natl Acad
Sci U S A. 2004; 101: 9774-9.

Navab M, Reddy S, Van Lenten BJ, Anantharamaiah GM, Fogelman AM. Role of
dysfunctional HDL in atherosclerosis. J Lipid Res. 2008; 50: S145-9.

Kontush A, Chantepie S, Chapman MJ. Small, dense HDL particles exert potent
protection of atherogenic LDL against oxidative stress. Arterioscler Thromb Vasc Biol.
2003; 23: 1881-8.

Nicholls SJ, Dusting GJ, Cutri B, Bao S, Drummond GR, Rye KA, et al. Reconstituted
high-density lipoproteins inhibit the acute pro-oxidant and proinflammatory vascular
changes induced by a periarterial collar in normocholesterolemic rabbits. Circulation.
2005; 111: 1543-50.

Ashby DT, Rye KA, Clay MA, Vadas MA, Gamble JR, Barter PJ. Factors influencing
the ability of HDL to inhibit expression of vascular cell adhesion molecule-1 in
endothelial cells. Arterioscler Thromb Vasc Biol. 1998; 18: 1450-5.

Bjorkegren J, Karpe F, Milne RW, Hamsten A. Differences in apolipoprotein and lipid
composition between human chylomicron remnants and very low density lipoproteins

isolated from fasting and postprandial plasma. J Lipid Res. 1998; 39: 1412-20.

125



42.

43.

44,

45.

46.

47.

48.

Leary ET, Wang T, Baker DJ, Cilla DD, Zhong J, Warnick GR, Nakajima K, Havel RJ.
Evaluation of an immunoseparation method for quantitative measurement of remnant-
like particle-cholesterol in serum and plasma. Clin Chem. 1998; 44: 2490-8

Kugiyama K, Doi H, Takezoe K, Kawano H, Soejima H, Mizuno Y, et al. Remnant
lipoproteins levels in fasting serum predict coronary events in patients with coronary
artery disease. Circulation 1999; 99: 2858-60.

Karpe F, Boquist S, Tang R, Bond GM, de Faire U, Hamsten A. Remnant lipoproteins
are related to intima-media thickness of the carotid artery independently of LDL
cholesterol and plasma triglycerides. J Lipid Res. 2001; 42: 17-21.

McNamara JR, Shah PK, Nakajima K, Cupples LA, Wilson PW, Ordovas JM, et al.
Remnant-like particle (RLP) cholesterol is an independent cardiovascular disease risk
factor in women: results from the Framingham Heart Study. Atherosclerosis. 2001;
154: 229-36.

Karpe F, Olivecrona T, Hamsten A, Hultin M. Chylomicron/chylomicron remnant
turnover in humans: evidence for margination of chylomicrons and poor conversion of
larger to smaller chylomicron remnants. J Lipid Res. 1997; 38: 949-61.

Tell GS, Evans GW, Folsom AR, Shimakawa T, Carpenter MA, Heiss G. Dietary fat
intake and carotid artery wall thickness: The atherosclerosis risk in communities
(ARIC) study. Am J Epidemiol. 1994; 139: 979-89.

Ryu JE, Howard G, Craven TE, Bond MG, Hagaman AP, Crouse JR. Postprandial
triglyceridemia and carotid atherosclerosis in middle-aged subjects. Stroke. 1992; 23:

823-8.

126



49.

50.

51.

52.

53.

54.

55.

56.

Patsch JR. Triglyceride-rich lipoproteins and atherosclerosis. Atherosclerosis. 1994;
110: S23-6.

Silveira A, Karpe F, Blombick M, Steiner G, Walldius G, Hamsten A. Activation of
coagulation factor VII during alimentary lipemia. Arterioscler Thromb. 1994; 14: 60-9.
Oakley FR, Sanders TA, Miller GJ. Postprandial effects of an oleic acid-rich oil
compared with butter on clotting factor VII and fibrinolysis in healthy men. Am J Clin
Nutr. 1998; 68: 1202-7.

Jastrzebska M, Przybycien K, Chelstowski K, Torbus-Lisiecka B, Kornacewicz-Jach Z,
Naruszewicz M. Increased levels of factor VII, fibrinogen and activity of plasminogen
activator inhibitor during postprandial triglyceridemia in patients with ischemic heart
disease confirmed by angiography. Nutr Metab Cardiovasc Dis. 1999; 9: 33—40.

Byrne CD, Wareham NJ, Martensz ND, Humphries SE, Metcalfe JC, Grainger DJ.
Increased PAI activity and PAI-1 antigen occurring with an oral fat load: associations
with PAI-1 genotype and plasma active TGF-beta levels. Atherosclerosis 1998; 140:
45-53.

Marchesi S, Lupattelli G, Schillaci G, Pirro M, Siepi D, Roscini AR, et al. Impaired
flow-mediated vasoactivity during post-prandial phase in young healthy men.
Atherosclerosis 2000; 153: 397-402.

Vogel RA, Corretti MC, Plotnick GD. The postprandial effect of components of the
Mediterranean diet on endothelial function. J Am Coll Cardiol. 2000; 36: 1455-60.
Pérez-Martinez P, Adarraga-Cansino MD, Ferndndez de la Puebla RA, Blanco-Molina

A, Delgado-Lista J, Marin C, et al. The -675 4G/5G polymorphism at the Plasminogen

127



57.

58.

59.

60.

61.

62.

63.

Activator Inhibitor 1 (PAI-1) gene modulates plasma Plasminogen Activator Inhibitor
1 concentrations in response to dietary fat consumption.. Br J Nutr. 2008; 99: 699-702.

Vogel RA, Corretti MC, Plotnick GA. Effect of a single high-fat meal on endothelial
function in healthy subjects. Am. J. Cardiol. 1997; 79:350-54.

Lundman P, Eriksson M, Schenck-Gustafsson K, Karpe F Tornvall P. Transient
triglyceridemia decreases vascular reactivity in young, healthy men without risk factors
for coronary heart disease. Circulation 1997; 96: 3266-8.

Bae J, Bassenge E, Kim K, Kim Y, Kim K, Lee H et al. Postprandial
hypertriglyceridemia impairs endothelial function by enhanced oxidant stress.
Atherosclerosis 2001; 155: 517-23.

Anderson RA, Evans ML, Ellis GR, Graham J, Morris K, Jackson SK, et al. The
relationships between post-prandial lipaemia, endothelial function and oxidative stress
in healthy individuals and patients with type 2 diabetes. Atherosclerosis 2001; 154:
475-83.

Alberici LC, Oliveira HC, Bighetti EJ, de Faria EC, Degaspari GR, Souza CT, Vercesi
AE. Hypertriglyceridemia increases mitochondrial resting respiration and susceptibility
to permeability transition. J Bioenerg Biomembr. 2003; 35: 451-7.

Tentor J, Harada LM, Nakamura RT, Gidlund M, Castilho LN, Cotta de Faria E. Sex-
dependent variables in the modulation of postalimentary lipemia. Nutrition. 2006; 22:
9-15.

Attia N, Durlach V, Roche D, Paul JL, Soni T, Zahouani A, et al. Post-prandial
metabolism of triglyceride-rich lipoproteins in non-insulin-dependent diabetic patients

before and after bezafibrate treatment. Eur J Clin Invest. 1997; 27: 55-63.

128



64.

65.

66.

67.

68.

69.

70.

Genest J, Nguyen NH, Theroux P, Davignon P, Cohn JS. Effect of micronized
fenofibrate on plasma lipoprotein levels and hemostatic parameters of
hypertriglyceridemic patients with low levels of high-density lipoprotein cholesterol in
the fed and fasted state. J] Cardiovasc Pharmacol. 2000; 35: 164-72.

Syvéinne M, Vuorinen-Markkola H, Hilden H, Taskinen MR. Gemfibrozil reduces
postprandial lipemia in non-insulin-dependent diabetes mellitus. Arterioscler. Thromb.
1993; 13: 286-95.

Foger B, Drexel H, Hopferwieser T, Miesenbock G, Ritsch A, Lechleitner M, et al.
Fenofibrate improves postprandial chylomicron clearance in IIB hyperlipoproteinemia.
Clin Invest. 1994; 72: 294-301.

Castro-Cabezas M, deBruin TW, Kock LA, Kortlandt W, VanLinde-Sibenius-Trip M,
Jansen H, et al. Simvastatin improves remnant removal in familial combined
hyperlipidemia without changing chylomicron conversion. Metabolism 1993; 42: 497—
503.

Parhofer KG, Barrett PH, Schwandt P. Atorvastatin improves postprandial lipoprotein
metabolism in normolipidemlic subjects. J Clin Endocrinol Metab. 2000; 85: 4224-30.
O'Keefe JH, Harris WS, Nelson J, Windsor SL. Effects of pravastatin with niacin or
magnesium on lipid levels and postprandial lipemia. Am J Cardiol. 1995; 76: 480—4.
Weintraub MS, Eisenberg S, Breslow JL. Different patterns of postprandial lipoprotein
metabolism in normal, type Ila, type III and type IV hyperlipoproteinemic individuals.
Effects of treatment with cholestyramine and gemfibrozil. J Clin Invest. 1987; 79:

1110-9.

129



71.

72.

73.

74.

75.

76.

77.

Simo IE, Yakichuk JA, Ooi TC. Effect of gemfibrozil and lovastatin on postprandial
clearance in the hypoalphalipoproteinemia and hypertriglyceridemia syndrome.
Atherosclerosis 1993; 100: 55-64.

Castro-Cabezas M, Erkelens DW, Kock LA DeBruin TW. Postprandial apolipoprotein
B100 and B48 metabolism in familial combined hyperlipidemia before and after
reduction of fasting plasma triglycerides. Eur J Clin Invest. 1994; 24: 669-78.

Diabetes Atherosclerosis Intervention Study Investigators. Effect of fenofibrate on
progression of coronary-artery disease in type 2 diabetes: the Diabetes Atherosclerosis
Intervention Study. Lancet. 2001; 357:905-10.

Schwartz GG, Olsson AG, Szarek M, Sasiela WJ. Relation of characteristics of
metabolic syndrome to short-term prognosis and effects of intensive statin therapy after
acute coronary syndrome: an analysis of the Myocardial Ischemia Reduction with
Aggressive Cholesterol Lowering (MIRACL) trial. Diabetes Care. 2005; 28: 2508-13.
Brown BG, Zhao XQ, Chait A, Fisher LD, Cheung MC, Morse JS, et al. Simvastatin
and niacin, antioxidant vitamins, or the combination for the prevention of coronary
disease. N Engl J Med. 2001; 345: 1583-92.

Hartung GH, Reeves RS, Foreyt JP, Patsch W, Gotto AM. Effect of alcohol intake and
exercise on plasma high-density lipoprotein cholesterol subfractions and apolipoprotein
A-I in women. Am J Cardiol. 1986; 58: 148-51.

Gardner CD, Tribble DL, Young DR, Ahn D, Fortmann MD. Population frequency
distributions of HDL, HDL,, and HDL; cholesterol and apoplipoprotein A-I and B in
healthy men and women and associations with age, gender, hormonal status and sex

hormone use: The Stanford Five City Project. Prev Med. 2000; 31: 335-45.

130



78.

79.

80.

81.

82.

83.

84.

Meilahn EN, Kuller LH, Matthews KA, Wing RR, Caggiula AW, Stein EA. Potential
for increasing high-density lipoprotein cholesterol subfractions HDL2-chol and HDL3-
chol, and apoprotein Al among middle-age women. Prev Med. 1991; 20: 462-473.
Navab M, Ananthramaiah GM, Reddy ST, Van Lenten BJ, Ansell BJ, Fonarow GC, et
al.The oxidation hypothesis of atherogenesis: the role of oxidized phospholipids and
HDL. J Lipid Res 2004; 45: 993-1007

Stocker R, Keaney JF Jr. Role of Oxidative Modifications in Atherosclerosis. Physiol
Rev. 2004; 84 :1381-1478

Schreiber, R. ; Gidlund, M. ; Arahata, D.A. ; Castilho, L. N.; de Faria E. Postprandial
effects of a standardized fat meal on plasma LDL oxidation in vivo. In: XXXIV
Reunido Anual da Sociedade Brasileira de Bioquimica e Biologia Molecular, 2005,
Aguas de Lindéia. Anais da Reunido Anual da Sociedade Brasileira de Bioquimica e
Biologia Molecular, 2005.

Wright E Jr, Scism-Bacon JL, Glass LC. Oxidative stress in type 2 diabetes: the role of
fasting and postprandial glycaemia. Int J Clin Pract. 2006; 60: 308-14.

Hansel B, Kontush A, Twickler MT. High-density lipoprotein as a key component in
the prevention of premature atherosclerotic disease in the insulin resistance syndrome.
Semin Vasc Med. 2004; 4: 215-23.

Nobecourt E, Jacqueminet S, Hansel B, Chantepie S, Grimaldi A, Chapman MJ, et al.
Defective antioxidative activity of small, dense HDL particles in type 2 diabetes:
Relationship to elevated oxidative stress and hyperglycemia. Diabetologia. 2005; 48:

529-38.

131



85.

86.

87.

88.

89.

90.

91.

92.

de Souza JA, Vindis C, Hansel B, Negre-Salvayre A, Therond P, Serrano CV Jr, et al.
Metabolic syndrome features small, apolipoprotein A-I-poor, triglyceride-rich HDL3
particles with defective anti-apoptotic activity. Atherosclerosis. 2008; 197: 84-94.
Rammos G, Peppes V, Zakopoulos N. Transient insulin resistance in normal subjects:
acute hyperglycemia inhibits endothelial-dependent vasodilatation in normal subjects.
Metab Syndr Relat Disord. 2008; 6: 159-70.

Curtiss LK, Bonnet DJ, Rye KA. The conformation of apolipoprotein A-I in high-
density lipoproteins is influenced by core lipid composition and particle size: a surface
plasmon resonance study. Biochemistry. 2000; 39: 5712-21.

Sparks DL, Davidson WS, Lund-Katz S, Phillips MC. Effects of the Neutral Lipid
Content of High Density Lipoprotein on Apolipoprotein A-I Structure and Particle
Stability. J. Biol. Chem. 1995; 270: 26910-7.

Nitenberg A, Cosson E, Pham I. Postprandial endothelial dysfunction: role of glucose,
lipids and insulin. Diabetes Metab. 2006; 32: 2S28-33.

Persegol L, Verges B, Foissac M, Gambert P, Duvillard L. Inability of HDL from type
2 diabetic patients to counteract the inhibitory effect of oxidised LDL on endothelium-
dependent vasorelaxation. Diabetologia. 2006; 49: 1380-6.

Persegol L, Verges B, Gambert P, Duvillard L. Inability of HDL from abdominally
obese subjects to counteract the inhibitory effect of oxidized LDL on vasorelaxation. J.
Lipid Res. 2007; 48: 1396-401.

Oliveira HC, Cosso RG, Alberici LC, Maciel EN, Salerno AG, Dorighello GG, et al.
Oxidative stress in atherosclerosis-prone mouse is due to low antioxidant capacity of

mitochondria. FASEB J. 2005; 19: 278-80.

132



93.

94.

95.

96.

97.

98.

99.

Kowaltowski AJ, Castilho RF, Vercesi AE. Mitochondrial permeability transition and
oxidative stress. FEBS Lett. 2000; 495: 12-5.

Lemasters JJ, Theruvath TP, Zhong Z, Nieminen AL. Mitochondrial calcium and the
permeability transition in cell death. Biochim Biophys Acta. 2009; 1787: 1395-401.
Vasconcelos EM, Degasperi GR, de Oliveira HC, Vercesi AE, de Faria EC, Castilho
LN. Reactive oxygen species generation in peripheral blood monocytes and oxidized
LDL are increased in hyperlipidemic patients. Clin Biochem. 2009: 1222-7.
Garcia-Ruiz C, Colell A, Mari M, Morales A, Fernandez-Checa, JC. Direct effect of
ceramide on the mitochondrial electron transport chain leads to generation of reactive
oxygen species. Role of the mitochondrial glutathione. J Biol Chem 1997; 272:
11369-77.

Degasperi GR, Velho JA, Zecchin KG, Souza CT, Velloso LA, Borecky J, et al. Role
of mitochondria in the immune response to cancer: a central role for Ca2+. J Bioenerg
Biomembr. 2006; 38: 1-10.

Bouwens M, Afman LA, Miiller M. Fasting induces changes in peripheral blood
mononuclear cell gene expression profiles related to increases in fatty acid beta-
oxidation: functional role of peroxisome proliferator activated receptor alpha in human
peripheral blood mononuclear cells. Am J Clin Nutr. 2007; 86: 1515-23.

Kersten S, Seydoux J, Peters JM, Gonzalez FJ, Desvergne B, Wahli W. Peroxisome
proliferator-activated receptor alpha mediates the adaptive response to fasting. J Clin

Invest. 1999; 103: 1489-98.

133



100. Wu P, Sato J, Zhao Y, Jaskiewicz J, Popov KM, Harris RA. Starvation and
diabetes increase the amount of pyruvate dehydrogenase kinase isoenzyme 4 in rat
heart. Biochem J. 1998; 329: 197-201.

101. E.A. Anderson and A.L. Mark, Flow-mediated and reflex changes in large
peripheral artery tone in humans. Circulation 1989; 79: 93—100.

102. Granér M, Kahri J, Nakano T, Sarna SJ, Nieminen MS, Syvdnne M, et al.
Impact of postprandial lipaemia on low-density lipoprotein (LDL) size and oxidized

LDL in patients with coronary artery disease. Eur J Clin Invest. 2006; 36: 764-70.

134



Anexo 1 — Parecer do Comité de Etica em Pesquisa
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CEP, 15/03/05.
(Grupo I)

PARECER PROJETO: N° 672/2004

T-IDENTIFICACAO:

PROJETO:  “BIOMARCADORES POS-PRANDIAIS DE  OXIDABILIDADE
PLASMATICA EM ADULTOS SAUDAVEIS: ASSOCIACAQO ENTRE DIETA,
ESTRESSE OXIDATIVO MITOCONDRIAL E ATEROSCLEROSE”

PESQUISADOR RESPONSAVEL: Fabio Lima Sodré

INSTITUICAO: HC/Unicamp

APRESENTACAO AO CEP: 26/01/2004

APRESENTAR RELATORIO EM: 15/03/06

II - OBJETIVOS

Caracterizar, em adultos saudéaveis, se o estresse oxidativo intraplasmatico e(ou) a
hipertrigliceridemia dieta-induzidos tém efeitos agudos sobre os parametros de fungdo
mitocondrial e de fungio antioxidante das lipoproteinas de densidade alta, além de correlaciond-
10s com medidas bioquimicas, moleculares ¢ com marcadores de aterosclerose.

11 - SUMARIO

Serdo avaliados de 10 a 15 individuos do sexo masculino, com idades entre 20 ¢ 40 anos,
sem sinais de doenca cardiovascular, dislipidemia e sobrepeso/obesidade, sendo excluidos 0s
fumantes, alcodlatras ou portadores de condigdes clinicamente detectaveis e em uso de qualquer
medicamento. Além disso, sero descontinuados os individuos nos quais houver suspeita de
prejuizo a satde em qualquer etapa. Os sujeitos serdo submetidos a avaliagdo clinica incluindo
anamnese e exame fisico completo. Sera realizada ultrassonografia das carotidas, para medida da
espessura da intima-média. Serfio coletadas amostras de sangue periférico para as analises
bioquimicas, extragio de DNA e separacio de linfomondécitos/mondcitos, apos jejum, uma, duas,
quatro, oito e 10 horas pés-prandial, com dieta padrdo. Os exames bioquimicos compreendei
dosagens plasmaticas de glicose, insulina, colesterol total e fragoes, triglicérides e lipoproteina
lipase, além de proteina transferidora do éster de colesterol, produtos de peroxidagdo de lipides
insaturados, capacidade antioxidante plasmatica, atividade da oxido nitrico sintetase, produtos de
lesdio oxidativa de DNA, produtos de oxidagdo de colesterol e inibidor da NOS. Amostras de
células serdo analisadas em citometro de fluxo para identificagdo das populagdes celulares
equanto a caracteristicas de tamanho e granulosidade. Outros estudos incluem a medida do
potencial elétrico de transmembrana mitocondrial, determinacio do consumo de oxigénio,

-0 -

135



estimativa da produgio de EROs, medida da concentragdo de calcio intracelular e medida da
atividade da superoxido dismutase mitocondrial. Por fim, havera analise do gene da proteina
UCP-2 usando-se um software de anilise molecular.

IV - COMENTARIOS DOS RELATORES

Foram realizadas, de forma adequada, as modifica¢des solicitadas na folha de rosto,
TCLE e "aspectos éticos" do projeto.

V - PARECER DO CEP

O Comité de Etica em Pesquisa da Faculdade de Ciéncias Médicas da UNICAMP, apos
acatar os pareceres dos membros-relatores previamente designados para o presente caso ¢
atendendo todos os dispositivos das Resolugdes 196/96 e complementares, resolve aprovar o
Protocolo de Pesquisa supracitado, com a restrigdo de que seja acrescentada no Termo de
Consentimento Livre e Esclarecido a opgio de o sujeito de pesquisa doador do material
biolégico consentir ou ndo com O armazenamento para estudos futuros, bem como o nome do
profissional habilitado que ir4 realizar o aconselhamento genético.

O contetido e as conclusdes aqui apresentados sdo de responsabilidade exclusiva do
CEP/FCM/UNICAMP e niio representam a opinido da Universidade Estadual de Campinas nem
a comprometem,

VI - INFORMACOES COMPLEMENTARES

O sujeito da pesquisa tem a liberdade de recusar-se a participar ou de retirar seu
consentimento em qualquer fase da pesquisa, sem penalizacdo alguma e sem prejuizo ao seu
cuidado (Res. CNS 196/96 — Item IV.1.f) e deve receber uma cdpia do Termo de Consentimento
Livre e Esclarecido, na integra, por ele assinado (Item IV.2.d).

Pesquisador deve desenvolver a pesquisa conforme delineada no protocolo aprovado e
descontinuar o estudo somente apds analise das razdes da descontinuidade pelo CEP que o
aprovou (Res. CNS Item II1.1.z), exceto quando perceber risco ou dano ndo previsto ao sujeito
participante ou quande constatar a superioridade do regime oferecido a um dos grupos de
pesquisa (Item V.3.).

O CEP deve ser informado de todos os efeitos adversos ou fatos relevantes que alterem o
curso normal do estudo (Res. CNS Item V.4.). E papel do pesquisador assegurar medidas
imediatas adequadas frente a evento adverso grave ocorrido (mesmo que tenha sido em outro
centro) e enviar notificagdo ao CEP e a Agéncia Nacional de Vigilancia Sanitaria — ANVISA —
junto com seu posicionamento.

Eventuais modificacdes ou emendas ao protocolo devem ser apresentadas ao CEP de
forma clara e sucinta, identificando a parte do protocolo a ser modificada e suas justificativas.
Em caso de projeto do Grupo I ou 1T apresentados anteriormente & ANVISA, o pesquisador ou
patrocinador deve envia-las também a mesma junto com o parecer aprovatorio do CEP, para
serem juntadas ao protocolo inicial (Res. 251/97, Item 1I1.2.e)

Relatérios parciais e final devem ser apresentados ao CEP, de acordo com 0s prazos
estabelecidos na Resolucio CNS-MS 196/96.
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VII - DATA DA REUNIAO

Homologado na I1I Reunifo Ordinéria do CEP/FCM, em 15 de margo de 2005.
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Profa. Dra. Carmen Silvjx Bertuzzo
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