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1. INTRODUCCIO GENERAL

L’arteriosclerosi €s una malaltia progressiva de les artéries caracteritzada per
'enduriment i engruiximent de la paret arterial al formar-se plaques d’ateroma i
representa la major causa de morbi-mortalitat per malaltia cardiovascular de la
poblacié adulta en el moén occidental (Hansson, 2005). A més, l'arteriosclerosi és una
malaltia on els primers canvis apareixen en edat infantil perd no presenta simptomes
fins passades varies décades. Per aquest motiu és de gran rellevancia conéixer de
forma exhaustiva i precisa la fisiopatologia d’aquesta malaltia per tal d’obtenir eines
preventives que impossibilitin la seva formacié en aquelles persones potencials a

desenvolupar-la i, també, eines terapéutiques que millorin el seu prondstic.

Els nous avencos adquirits sobre el coneixement de la fisiopatologia de
I'arteriosclerosi durant la darrera década han ocasionat un gir radical en la seva
definicié (Ross, 1999; Lusis, 2000; Hansson, 2001). Inicialment, es considerava que
I'arteriosclerosi era deguda a I'acumulacié de lipids en la capa intima de la paret
arterial mitjancant un procés oxidatiu (hipotesis oxidativa) perd, més tard, es va
comprovar que podia ser deguda a un procés inflamatori (hipdtesis inflamatoria). Arrel
d’aquest descobriment, I'arteriosclerosi cal considerar-la com una malaltia inflamatoria
cronica de baixa intensitat amb respostes cel-lulars i moleculars especifiques sobre la
paret arterial. L’'esdeveniment clau que dona pas a linici de l'arteriosclerosi és la
interacci6 entre els leucocits sanguinis i I'endoteli vascular facilitada per 'augment de
I'expressio de molécules d’adhesié i citosines, la qual esta regulada pel factor nuclear
kappa beta (NF-kB). Aquestes cél-lules sén les que, posteriorment, es carreguen de

lipids i acaben formant la placa arteriosclerotica, la lesio tipica de I'arteriosclerosi.

En el desenvolupament de l'arteriosclerosi també intervenen factors ambientals
com la dieta, I'exercici i el tabaquisme. En referéncia a la dieta, el consum d’aliments i
begudes alcoholiques amb polifenols s’ha contemplat com un factor cardioprotector
enfront I'aparicidé i progressié de I'arteriosclerosi. No obstant, cal remarcar que les
begudes alcohdliques son beneficioses mentre el consum sigui moderat (fins a 40g
alcohol/dia en homes i 20g d’alcohol/dia en dones). Nombrosos estudis epidemiologics
han suggerit que els polifenols de la dieta s’associen a una menor morbi-mortalitat per
cardiopatia isquémica i una reduccié de la incidéncia dels accidents vasculars
cerebrals, no obstant, es desconeixen els mecanismes fisiopatologics responsables
d’'aquesta associacié. Fins ara s’ha demostrat que aquests polifenols redueixen

'oxidacié de les lipoproteines de baixa densitat (LDL) i també tenen propietats
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vasorelaxants. Per0d en canviar el concepte d’arteriosclerosi, apareix forga interés en
realitzar estudis prospectius controlats per a determinar els possibles efectes dels
polifenols de la dieta sobre la resposta inflamatoria que esdevé en la paret arterial

durant I'aterogénesi.

En conclusio, les malalties cardiovasculars sén considerades una de les primeres
causes de mortalitat en I'ambit mundial, sent de vital rellevancia clarificar els
mecanismes fisiopatoldgics que intervenen per tal d’obtenir noves estrategies
d’'investigacio enfocades a la prevencio d’aquestes malalties. Una de les multiples
linies d’'investigacio esta centrada en I'estudi de components de la dieta que continguin
polifenols amb una possible accid cardioprotectora que minvaria el desenvolupament
de l'arteriosclerosi. La present Tesi Doctoral esta enfocada en el possible efecte
cardioprotector dels polifenols de la dieta com a prevencié primaria de I'arteriosclerosi
a través del mecanisme de modulacié de la resposta inflamatoria. Concretament, es
pretén conéixer els possibles efectes beneficiosos del vi negre, vi blanc, cava i cacau
sobre els marcadors d’inflamacié implicats en la fase inicial de la formacié de la placa

d’ateroma.
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2. FISIOPATOLOGIA DE L’ARTERIOSCLEROSI-HIPOTESI INFLAMATORIA

2.1.Endoteli vascular i resposta inflamatoria de I’arteriosclerosi

En condicions normals, I'endoteli és una barrera entre el focus d’inflamacié o
infecci6 i les cél-lules immunes. Pero quan s’exposa a estimuls proinflamatoris (factor
de necrosis tumoral, TNF-q; interleucina-1 beta, IL-1pB; lipopolisacarid, LPS), I'endoteli
s’activa e inicia lI'expressi6 de multiples factors proinflamatoris addicionals on
s’inclouen citosines, quimiosines i molécules d’adhesié que faciliten el pas dels
leucodcits circulants a través de la barrera de cél-lules endotelials (ECs) cap al focus
d’inflamaci6 (Pober, 2002; Alon i Feigelson, 2002). Per tant, la resposta inflamatoria és
un mecanisme transitori de defensa en resposta al dany o lesi6é de la paret vascular
amb I'objectiu primordial de reparar i mantenir tant I'estructura com la funcionalitat de
I’endoteli vascular. Perd, si aquesta reaccio inflamatoria persisteix en el temps dona
lloc a dany o disfuncio tissular que acaba produint una patologia vascular com, per
exemple, l'arteriosclerosi. Aquesta malaltia es caracteritza per la formacié de plaques
d’ateroma que en trencar-se son les responsables de I'aparicié dels sindromes clinics
vasculars com cardiopatia isquémica, malaltia cerebrovascular o vasculopatia
periféerica (Hansson, 2001 i 2005 ). Per tant, la resposta inflamatoria sembla tenir un
paper clau en [linici i desenvolupament de [larteriosclerosi. Aquesta hipotesi
inflamatoria de I'arteriosclerosi ve avalada per nombroses evidéncies experimentals,
per exemple, animals d’experimentacié amb caréncia de certes molécules d’adhesio
(ICAM-1 o P-selectina) presentaven lesions arteriosclerotiques molt menys severes

respecte els animals control (Hansson et al., 2001).

En la darrera década s’han obtingut dades molt fructiferes sobre el protagonisme
de la resposta inflamatoria que té lloc en I'endoteli arterial durant el desenvolupament
de l'arteriosclerosi. En conseqliéncia, per suprimir o disminuir la formaci6 de la placa
d’ateroma és fonamental el coneixement dels esdeveniments cel-lulars i moleculars

que tenen lloc en el vas sanguini originats per la resposta inflamatoria.

2.2. Arteriosclerosi - Formacio de la placa d’ateroma

L’arteriosclerosi es caracteritza per la formacié de plaques d’ateroma. En aquest

procés inflamatori de l'arteriosclerosi intervenen diferents tipus cel-lulars tant de la
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paret arterial (EC i SMC), cél-lules sanguinies circulants (mondcits, limfocits T i

plaguetes) aixi com també diverses molécules (molécules d’adhesié, citosines i factors

de transcripcio). L’arteriosclerosi esdevé en 4 etapes (Ross, 1999; Glass i Witztum,
2001; Libby, 2002; Faxon et al., 2004):

» Disfuncié endotelial, esdeveniment clau que dona pas a I'inici de 'arteriosclerosi, i

10

que s’acompanya del reclutament i transmigracié del leucocits circulants a I'espai
subendotelial (capa intima de I'endoteli vascular formada per una monocapa de
EC) de la paret vascular mitjancant molécules d’adhesid, citosines i factors
quimiotactics (detallat en els apartats 2.5 i 2.7). El detonant d’aquest procés és
I'acumulacié de LDL oxidades (LDLox) originades a partir de LDL que han patit

modificacions oxidatives en I'espai subendotelial.

Estria de greix que es forma com a conseqiiéncia de la captacié de LDLox per

part dels macrofags situats en la intima del vas (procedents de la diferenciacié
dels mondcits) i donen lloc a les cél-lules escumoses riques en gotes lipidiques.
Aixi, doncs, I'estria de greix esdevindria una lesié primaria i asimptomatica que
consisteix en 'acumulacié subendotelial de macréfags engreixats de colesterol

anomenats cél-lules escumoses.

Lesions avancades i complicacions. La lesidé primaria progressa cap a una lesi6

més complexa caracteritzada per la migracié de SMC des de la capa mitja cap a
lintima de I'espai subendotelial motivada per citosines i factors de creixement.
Aquestes SMC proliferen i capten LDLox contribuint a la formacié de noves
cel-lules escumoses i, a més, es secreten proteines de la matriu extracel-lular
(MMP) que formen una capa fibrosa (lesi6 fibroproliferativa). Conseqiientment,
s’expandeix l'intima i s’estreny progressivament la llum del vas sanguini.
Posteriorment, apareixeria una lesioé necrotica caracteritzada per la formacio d’'un
nucli necrotic a partir de I'apoptosis de cel-lules escumoses (derivades tant de
macrofags com de SMC) i de l'acumulacié extracel-lular de colesterol. La
persisténcia de tot aquest procés inflamatori i fibroproliferatiu motivaria la
formacioé de la placa d’ateroma que pot romandre estable o inestable tal com es

detalla en el seglient apartat.

Trencament de placa i trombosis. Si el procés inflamatori es manté i els factors de

risc persisteixen, el nucli necroétic pot continuar creixent provocant la degradacié
de la matriu extracel-lular per les MMP secretades pels leucocits activats. A més,

les citosines proinflamatories limiten la sintesi de col-lagen i fan disminuir el gruix
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de la capa fibrosa provocant que la placa sigui susceptible al trencament. En
trencar-se la placa, el factor tissular entra en contacte amb els components de la
sang i s’activa la cascada de coagulacié on la trombina activa I'agregaci6é de
plaquetes, les quals en interactuar amb les proteines del plasma permeten la
polimeritzacié del fibrinogen formant-se un trombus. Aquest trombus obstruiria el
vas donant lloc a les manifestacions cliniques propies de I'arteriosclerosi com

'infart de miocardi.

2.3.Placa d’ateroma estable vers inestable

L’estabilitat o vulnerabilitat de la placa d’ateroma ve determinada per la mida i la

composici6é d’aquesta placa (Libby i Aikawa, 2002; Figura 1):

» Placa d’ateroma estable: La capsula fibrosa és gruixuda i el nucli conté poc

colesterol donant lloc a una resposta inflamatoria menor. No sol presentar

complicacions fins al cap de varies décades.

> Placa d’ateroma vulnerable: La capsula fibrosa és prima i el nucli és ric en

colesterol tenint una resposta inflamatoria cronica. A més, la secreci6 de MMP
per part dels macrofags i la neovascularitzacié contribueixen a una major
debilitacié de la placa. Llavors, la inestabilitat de la placa facilita el trencament i
I'alliberacio del seu contingut cap a la llum del vas arterial on s’activa I'adhesio
plaguetaria formant-se un trombus (trombosis) que obstrueix el pas de flux
sanguini pel vas arterial. La mancanca de flux sanguini desencadena els
simptomes clinics vasculars com la isquémia, perd si aquesta manca de rec
sanguini persisteix, es provoca la mort tissular de la zona afectada originant-se
un infart de miocardi o cerebral depenent de si succeeix en l'artéria coronaria o

carotida, respectivament.

En conclusié, les caracteristiques cel-lulars especifiques de la placa d’ateroma
determinaran el risc de presentar-se un esdeveniment vascular en el territori irrigat per
I'artéria en questio. Llavors, les plaques amb elevat contingut en cél-lules inflamatories,
lipids i amb escassa paret fibrosa s’anomenarien plaques inestables perqué facilitarien
la ruptura i ,consequlent, trombosis. En canvi, plaques amb baix contingut cel-lular i
lipidic perd amb una gran paret fibrosa serien plaques estables amb risc molt baix de

trencament.
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Arteria no Placa vulnerable Placa estable

arteriosclerotica L
Capsula fibrosa Pool lipids

intima

Mitja

Adventiciai

Macrofag  Limfocit

Figura 1. Estabilitzacio o vulnerabilitat de la placa d’ateroma
(Adaptacio de Libby i Aikawa, 2002).

2.4.Tipus cel-lulars implicats en la patogénia de I'arteriosclerosi

2.4.1. Cél'lules sanguinies circulants

Una hiperactivacié de monocits, limfocits T i plaquetes contribueix a la iniciaci6 i
progressié del procés arteriosclerdtic. Els mondcits i els limfocits T sén les cél-lules
predominants en el lloc de formaci6 de I'estria greixosa durant I'aterogénesi (Gimbrone
et al.,1990). Els monocits, leucocits de mida més gran, maduren a macrofags en
transvasar des de la sang cap al teixit subjacent. El macrofag és la principal font de
mediadors de la inflamacié en la placa d’ateroma perqué actua com a presentador
d’antigens i productor de citosines, enzims proteolitics i factors de creixement (Glass i
Witztum, 2001). També, té un paper primordial en la captacié de LDLox mitjancant els
receptors scavenger. Els limfocits T conjuntament amb els mondcits intervenen en la
resposta inflamatoria i, també, formen part en la mediacié de la resposta immune en la
placa d’ateroma. Aquests limfocits T s’activarien en contactar amb 'antigen presentat
per les cellules presentadores d’antigen (macrofags i SMC) i, posteriorment,

secretarien citosines que amplificarien la resposta inflamatoria.

Les plaquetes, cél-lules sense nucli, circulen per la sang durant uns 7-10 dies i s6n
necessaries per mantenir la hemostasia. Quan es produeix un increment en I'activitat
de les plaquetes, aquestes contribueixen a la malaltia arteriosclerodtica (Libby, 2002;
Faxon et al., 2004). La hiperactivitat de les plaquetes pot estar induida per diferents
factors de risc cardiovascular: fumar cigarretes, LDL elevades, diabetis i
hiperhomocisteinémia. En condicions normals, les plaquetes no s’adhereixen a

I'endoteli vascular perqué les EC alliberen substancies com I'dxid nitric i prostaciclines,
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les quals tenen sobre les plagquetes un efecte antiadhesiu i antiagregant,
respectivament. No obstant, dany o disfuncié de I'endoteli facilita la hiperactivacié de
les plaquetes amb la conseqiient adheréncia i agregacié d’aquestes a la paret arterial.
A més, secreten factors de creixement com el derivat de plaquetes (PDGF) que
causen la divisié i migracié de les cél-lules de la musculatura llisa cap al interior del vas
causant I'engruiximent de la capa intima i reduccié de la llum del vas donant lloc a les

caracteristiques que defineixen el procés arteriosclerdtic.

2.4.2. Cél'lules endotelials (EC)

L’endoteli fa referéncia a una monocapa de EC que recobreixen els vasos
sanguinis (arterials i venosos), cavitats cardiaques i altres superficies que estan en
contacte directe amb la sang. EC s’orienten en el sentit del flux sanguini i proporcionen
una superficie fina i llisa evitant una possible interferéncia amb el flux sanguini perd no
inhibeix la formacié d’'un trombus. La monocapa de EC és molt activa i esta implicada
en un gran nombre de processos bioldgics com l'aterogénesi i trombosis (Vita et al.,
1996). L'endoteli té diverses funcions essencials i s’executen mitjancant mediadors
quimics. Una de les funcions més coneguda és el manteniment del to muscular dilatat
per conservar la pressié arterial en valors normals i permetre la perfusio tissular.
Aquesta funcié vasodilatadora de I'endoteli s’exerceix mitjangant la sintesis i la
secrecié d’'un factor de relaxaci6é identificat com oxid nitric (NO). En condicions
normals, artéries sanes on es produeix un creixement del flux sanguini, se’n generen
forces tangencials sobre la paret vascular, llavors, apareix la intervencio per part de les
EC estimulant la produccid de NO per tal de conduir cap a una vasodilatacié per
compensar aquest augment del flux dins I'artéria. Aquest NO es difon dins les SMC i
les estimula a relaxar-se, aixi s’aconsegueix incrementar el diametre arterial (Cooke et
al., 1990). Per tant, el deteriorament de la vasodilatacié a través de I'endoteli esta
lligat, en part, per la reduccié de la disponibilitat de NO de les EC que provoca efectes
proaterogenics. Aixi, el NO alliberat de les EC té diversos efectes antiaterogénics
sumats a l'efecte vasodilatador com sén la inhibicié de: I'agregacié i adhesi6 de
plaquetes, uni6é dels monocits a I'endoteli i proliferacié-migracié de les SMC. Llavors,
una millora de la funci6é endotelial per increment dels nivells de NO alliberats tindria un

efecte protector en la paret arterial enfront el desenvolupament de I'arteriosclerosi.

Cal remarcar que les EC regulen tot un seguit de funcions vitals per a la

preservacié de la paret sanguinia mitjangcant la produccié d’un ampli espectre de
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substancies bioactives. Entre elles, components que sén produits i alliberats com el
NO, prostaciclines, quimiosines i factors implicats en coagulacié-fibrinolisis o bé
molécules d’adhesié que formen part de I'estructura a nivell de membrana de les quals

es descriuen més endavant.

2.4.3. Cél-lules musculars llises (SMC)

Les SMCs participen en la fase de formacié de lesions avancades de
I'arteriosclerosi sent clau per a la génesi del component fibroproliferatiu de la placa
d’ateroma (Ross, 1993). Aquestes cel-lules es troben en la capa mitja del vas perd en
processos de disfuncié endotelial, les SMCs migren progressivament mitjancant
molécules quimiotactiques (PDGF i trombina) cap a I'espai subendotelial on formaran
I'estria fibrosa. També s’estimula la proliferacid d’aquestes SMCs i la produccié de
matriu extracel-lular mitjangant citosines i factors de creixement (IL-1, TNF-a, PDGF...)
generades per elles mateixes o bé per macrofags, EC, plaquetes i limfocits T (Yokota i
Hansson, 1995).

2.5.Molécules inflamatories implicades en la patogénia de I’arteriosclerosi

2.5.1. Proteina C-reactiva (CRP)

La CRP, sintetitzada en el fetge en resposta a la secrecié de interleucina-6 (IL-6),
és un reactant de fase aguda que promou la inflamaci6 i, per tant, I'aterogénesi
(Deveraj et al., 2003; de Ferranti i Rifai, 2007). S’ha detectat la preséncia CRP en
plaques d’ateroma realitzant multiples funcions com, per exemple, I'estimulacié de
'expressio i secreci® de molécules d’adhesié celllular que permet incrementar

I'adhesi6 entre leucocits i endoteli (Figura 2).
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ri eNOS,NO i 1 ET-1 — 1 Flux sanguini anormal
1t CAMs — 1 Adhesi6 leucocitaria

1t MCP-1 — 1 Migracié transendotelial de mondcits
CRP< 1 NF-kB — 1 Expressi6 de gens inflamatoris

1 Proliferacié de SMC i 1 Produccié de ROS

| Angiogénesi

KT Apoptosis de cel-lules endotelials

Figura 2. Funcions de CRP en la placa d’ateroma.

2.5.2. Molécules d’adhesioé cel-lulars i solubles

Les molécules d’adhesi6 conjuntament amb les citosines sén dos mecanismes pels
quals les cél-lules es comuniquen entre si per aconseguir una bona resposta immune
en produir-se dany tissular i cal una funcié coordinada entre elles perqué certes

citosines indueixen i regulen I'expressié de les molécules d’adhesio.

Les molécules d’adhesié sén receptors proteics de la superficie de la membrana
celllular i es caracteritzen per tenir una estructura dividida en tres regions:
extracel-lular, transmembranal i citoplasmatica (Figura 3). Principalment, s’expressen
en la superficie de leucocits (mondcits i limfocits T) i EC i poden realitzar interaccions
adhesives entre cél-lula-cél-lula o cél-lula-matriu extracel-lular (Gimbrone et al., 1990;
Dejana et al., 1994, Petruzzelli et al., 1999). Segons Krieglstein (2001) aquests
receptors intervenen en diferents processos relacionats amb la malaltia vascular com
sén l'organogénesi, I'angiogénesi i el desenvolupament de la resposta immune e
inflamatoria. Concretament, les molécules d’adhesié presents en I'endoteli i en
leucocits estan implicades en processos d’adhesié relacionats amb la primera fase del
procés de formaci6 de la placa d’ateroma. D’aquestes molécules, unes estan presents
constitutivament pero d’altres se sintetitzen de nou (algunes tenen sintesi constitutiva i
altres induida) en resposta a estimuls quimiotactics i proinflamatoris. S’han descrit tres
families de molécules d’adhesié que participen en les fases inicials (interaccio leucocit-
endoteli, adhesi6 i extravasacio leucocitaria) del procés d’arteriosclerosi: selectines,
integrines i superfamilia d’'immunoglobulines detallades a continuacié (Jang et al.,
1994; Crockett-Torabi, 1998; Petruzzelli et al., 1999; Alon i Feigelson, 2002; Pober,
2002).
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Figura 3. Estructura de les molécules d’adhesié.

Formes solubles d’aquestes molécules d’adhesié procedents de la superficie de
I'endoteli activat s’han mesurat en plasma, tot i que els seus origens no estan molt
definits. La hipotesi més factible seria que les molécules d’adhesié solubles
procedeixen d’'una escissié de la regié extracel-lular de la molécula d’adhesi6 de la
superficie de la EC activada. Aixi, la regid extracel-lular de les molécules d’adhesio
cel-lulars poden alliberar-se facilment al torrent sanguini un cop aquestes molécules

han realitzat la seva funcié (Gearing i Newman, 1993; Bevilacqua, et al., 1994).

En resum, lI'expressid en la superficie celllular de molécules d’adhesié com a
conseqliéncia d’estimuls fisiopatologics determina la interaccié entre les cél-lules
sanguinies i I'endoteli vascular, aspecte fonamental per al desenvolupament de

I’arteriosclerosi en totes les seves fases d’evolucio.

2.5.2.1. Selectines

Les selectines son glicoproteines transmembranals, expressades en la superficie
cellular, caracteritzades per tenir en la regié extracel-lular N-terminal: un domini lectina
depenent de calci d’'unié als lligands, un domini d’homologia al factor de creixement
epidérmic (EGF) i un domini amb tot un seguit de seqiiéncies de repeticions consens
(SCR) amb un nombre variable segons el tipus de selectina (Figura 3). A més, estan
inserides a la membrana cel-lular mitjiangant un domini transmembranal hidrofébic que
posseeix una petita cua citoplasmatica. Els diferents membres de la familia difereixen

en el nombre de dominis SCR (Bevilacqua i Nelson., 1993; Jang et al., 1994). S’han
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identificat tres membres diferents: L-selectina (la més petita), E-selectina i P-selectina
(la més gran) s’expressen en tots els leucocits, I'endoteli activat i en plaquetes/EC,
respectivament com es pot observar en la Taula 1 (Toborek i Kaiser, 1999). Al contrari
que les L i P-selectines, la E-selectina no s’expressa constitutivament en les EC sin6
que la seva sintesi esta induida per citosines (IL-1a i TNF-a) i regulada pel factor

transcripcional NF-kB.

Les E i P-selectines mitjancant els dominis lectina s’'uneixen principalment amb
carbohidrats especifics com I'acid sialic presents en les glicoproteines i glicolipids de
la superficie dels leucocits. A més, PSGL-1 (glicoproteina lligand P-selectina 1) i L-
selectina també sén lligands de les E i P-selectines (Crockett-Torabi, 1998). Aixi,
aquests carbohidrats com I'oligosacarid Sialil Lewis x (SLe*), PSGL-1 i L-selectina sén
els contrareceptors que s’uneixen al receptor E o P-selectina endotelial tenint lloc el
procés de rodament de leucocits per la superficie endotelial (Foxall et al., 1992). En
canvi, L-selectina s’uneix a glicoproteines sulfatades (Sgp) endotelials (Lasky et al.,
1992; Crockett-Torabi, 1998). Totes aquestes unions entre selectines i els

contrareceptors corresponents son de baixa afinitat.

SELECTINES

Nomenclatura Expressié Contrareceptor Cél-lula diana

ECs activades,

§ . S 50, S 90, .
L-selectina Leucocits gp, >9p plaquetes i

(CD62L) E i P-selectina
eosinofils

SLe*, PSGL-1, Neutrofils,

E-selectina ECs o e
—_— L-selectina i monocits i

activades
(CD62E) ESL-1 limfocits
P-selectina Plaquetes, | gLe* PSGL-1i| Neutrofilsi

(CD62P) ECs L-selectina monacits

Taula 1. Classificacié i nomenclatura dels membres de la familia de les selectines

que intervenen en el procés d’adhesié transitoria entre leucocit-endoteli.

En preséncia d’'un focus d’inflamacié o dany, les selectines intervenen en el primer
pas per a l'adhesié dels leucocits a I'endoteli que consisteix en el reclutament i
rodament dels leucocits sobre la superficie endotelial (Patel et al., 2002). Els leucocits
circulants s’'uneixen a les selectines expressades en la superficie de I'endoteli actiu i,

tot i que, la uni6 és relativament baixa és suficient per disminuir el moviment i,
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consequentment, facilitar el rodament dels leucocits per la paret vascular. S’han
realitzat estudis que demostren la preséncia de E i P-selectina en la superficie de les

EC durant el desenvolupament de I'arteriosclerosi (Wood et al. 1993).

En resum, el paper principal de les selectines es facilitar la unié lleu i transitoria
dels leucocits a I'endoteli vascular donant pas als esdeveniments inicials per al

desenvolupament de I'arteriosclerosi.

2.5.2.2. Integrines

Les integrines sén una familia de proteines transmembranals heterodimériques
composades per I'associacié no covalent de les subunitats alfa (a) i beta () amb un
rang de mida entre 120-170 kDa i 90-100 kDa, respectivament (Jang et al., 1994;
Figura 3). A més, contenen llocs d’uni6 per cations divalents, com el magnesi i el calci,
imprescindibles per la seva funcié d’adhesi6. La subunitat a involucrada en el
reconeixement del lligand que continguin les sequéncies RGD (arginina, glicina i
aspartat) entre d’altres. Mentrestant, la subunitat B confereix I'especificitat de la
integrina i en base a aquesta subunitat B es distingeixes tres subfamilies d’integrines:
les B1, B2 i B3 (Springer, 1994). En destaquem els membres LFA-1 (antigen associat a
funcié leucocitaria-1) i Mac-1 de la subfamilia B2 i VLA-4 (antigen d’activacié tardana-
4) de la subfamilia 1 perquée sén les integrines de la superficie leucocitaria implicades
en I'adhesio ferma (Taula 2). No obstant, els membres de la B3 no intervenen en el
procés d’adhesié sindé de proliferacio cel-lular. Totes les integrines tenen varies
conformacions segons el grau d’activacié cel-lular, és a dir, en estat inactiu estan
presents en la superficie cel-lular amb una conformacié de baixa avidesa pels seus
lligands mentre que en estat actiu presenten una conformaci6 d’elevada avidesa pels
seus lligands (Hughes i Pfaff, 1998). La superfamilia de les immunoglobulines sén els

contrareceptors endotelials de les integrines (Taula 3) (Crockett-Torabi, 1998).

Les integrines tenen la funcié d’unir les cél-lules amb els lligands d’altres cél-lules
com les EC i, també, amb les proteines de la matriu extracel-lular de la membrana
basal. Aquestes integrines s6n fonamentals per a la segona (rodament) i tercera
(adhesi6 ferma) fase de I'adheréncia dels leucocits a I'endoteli vascular. Durant la fase
de rodament, les quimiosines son el detonant de [l'activaci6 de les integrines
leucocitaries (LFA-1, Mac-1 i VLA-4) perqué provoquen els canvis conformacionals

que afavoreixen el pas d’'unions transitdries a unions d’alta afinitat amb els lligands
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endotelials. En conseqliéncia, finalitza la fase de rodament i s’inicia 'adhesié ferma

entre aquests leucocits activats i I'endoteli vascular a partir de la unié d’elevada

avidesa entre les integrines leucocitaries i els contrareceptors endotelials (Alon i
Feigelson, 2002).

INTEGRINES
Subfamilia Heterodimer Nomenclatura Expressié | lligand Cél-lula diana
Beta 1 o434 VLA-4 monocits | VCAM-1 Monocits,
Cd49d/CD29 limfocits, macrofags,
fibroblasts ECs i epitelials
o B2 LFA-1 o Limfocits | ICAM-1, ECs
CD11a/CD18 | Monocits i | 'CAM-2
granulécits (G
Beta 2
amf2 Mac-1 o Macrofags, | ICAM-1, ECs

CD11b/cD1g | Monocits
neutrofils,

Taula 2. Classificacio i nomenclatura dels membres de la familia de les integrines que

intervenen en el procés d’adhesi6 ferma leucocit-endoteli.

En resum, les integrines intervenen en les interaccions d’elevada avidesa amb els
lligands endotelials derivant-se en una adhesi6 ferma entre leucocit i endoteli. Per tant,
les integrines sén responsables de la consolidacié i de l'estabilitzacié de I'adhesi6
leucocitaria a I'endoteli vascular sent el pas clau per produir la diapedesi i
transmigracié dels leucocits a I'espai subendotelial i continuar, aixi, amb la progressio

de la formaci6 de la placa d’ateroma.

2.5.2.3. Superfamilia de les Immunoglobulines

La superfamilia d’'immunoglobulines (lg) anomenades aixi perqué els seus
membres tenen caracteristiques estructurals similars a les immunoglobulines. Tots els
membres contenen com a minim un domini Ig, el qual esta format per dues cadenes

plegades i unides entre elles per un pont disulfur (Figura 3). EI domini Ig va seguit
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d’'una regié transmembranal acompanyada d’una petita cua citoplasmatica (Jang et al.,
1994).

L’endoteli vascular expressa molécules d’adhesi6 de la superfamilia de les Ig les
quals actuen generalment com a contrareceptors de les integrines leucocitaries. Els
diversos membres es distingeixen entre ells pel nombre de dominis Ig extracel-lulars
(Lee i Benveniste, 1999; Petruzzelli et al., 1999). En la Taula 3 es representa només
ICAM-1 (molécula d’adhesié intercel-lular-1) i VCAM-1 (molécula d’adhesié de cél-lula
vascular-1) perqué al unir-se a les integrines es consideren els dos membres més
importants en la cascada d’adhesi6 ferma dels leucocits a I'endoteli (ICAM-2 e ICAM-3
son isoformes de ICAM-1). En canvi, PECAM-1 o molécula d’adhesié de EC i
plaquetes, que s’uneix a si mateix, esta més relaciona amb el manteniment de la
integritat de la barrera endotelial i I'extravasacioé de les cél-lules sanguinies (Muller et
al., 1993).

SUPERFAMILIA IMMUNOGLOBULINES

Nomenclatura Expressio Lligand Cél-lula diana
ECs,
ICAM-1 LFA-1
(CD54) leucocits i Leucocits
fibroblasts Macd
ECs,
VCAM Monacits i
macrofags VLA-4 ) )
(CD106) limfocits
i mioblasts

Taula 3. Classificacié i nomenclatura dels principals membres de la superfamilia

de les Ig que intervenen en el procés d’adhesié ferma leucocit-endoteli.

En I'endoteli activat, VCAM-1 té una expressi6 induida per citosines mentre que
ICAM-1 s’expressa constitutivament (Lafrenie et al., 1993). ICAM-1 conté 5 dominis Ig i
és un dels principals contrareceptors de les integrines 2 leucocitaries: LFA-1 i Mac-1,
tot i que, sembla ser que LFA-1 predomina en la uni6 amb ICAM-1 per sobre de Mac-
1. Mentre que VCAM-1 amb 7 dominis Ig s’uneix al contrareceptor leucocitari VLA-4
(Jang et al., 1994).

En resum, la superfamilia de les Ig conjuntament amb les integrines i selectines

sén les molécules d’adhesié que intervenen en I'adhesio i transmigracié dels leucocits
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a I'endoteli vascular sent de vital rellevancia en la patogénia de les malalties vasculars

e inflamatories com I'arteriosclerosi.

2.5.3. Citosines

Les citosines constitueixen una xarxa complexa de mediadors proteics petits (15-
30 kDa) que posseeixen una vida mitja molt curta i actuen sobre les cél-lules a
concentracions molt baixes, de I'ordre de picograms, a traves de la unié amb receptors
d’elevada afinitat presents en la superficie cel-lular. En general, no es detecta una
produccié constitutiva significativa de citosines sin6é que cal una activacio cel-lular per a
la sintesis de noves citosines a una concentraci®é bioldogicament efectiva.
Majoritariament, estan produides per leucocits i son secretades a I'espai extracel-lular,
tot i que, algunes poden acumular-se dins la cél-lula o inserides a la membrana o bé a
la matriu extracel-lular. Les citosines representen el vocabulari del sistema de
comunicacié entre les cél-lules implicades en la reaccid inflamatoria on la paret
vascular, el fetge, la medul-la dssia i el sistema nervids central sén alguns dels teixits
diana (Olsson, 1993). Aquesta comunicacié pot esdevenir a curta distancia entre
receptors de la propia cél-lula productora (efecte autocri) 0 a moderada distancia
actuant sobre cél-lules veines (efecte paracri) o bé actuen a llarga distancia en altres
organs o teixits a través de la circulacié sanguinia o limfatica (efecte endocri). Una de
les caracteristiques funcionals és el pleiotropisme, és a dir, una mateixa citosina és
capac d’exercir diferents efectes bioldgics sobre multiples tipus cel-lulars. Les citosines
actuen mitjancant una xarxa funcional on l'efecte d’'una citosina esta estretament
regulada, positivament o negativament, per una altre citosina i, per tant, poden actuar
sinérgicament o antagonicament entre elles. Aixi, les citosines interactuen amb certa
complexitat i representen un sistema de comunicacié sofisticat i versatil sent essencial
per I'efecte biologic en la resposta immune. No obstant, les citosines també intervenen

en altres processos cel-lulars com la mitosi, diferenciacid i migracio.

Les citosines produides en la resposta immune innata s’alliberen immediatament
després del contacte de les cél-lules implicades en les resposta immune amb l'agent
estrany, per tant, les citosines acompanyades de les molécules d’adhesié sén els
mediadors primaris de la resposta inflamatoria enfront el dany tissular (Gosain i
Gamelli, 2005). Els monocits i els macrofags activats sén la principal font d’aquestes
citosines, no obstant, també poden ser produides per limfocits activats o per altres

cél-lules alienes al sistema immune com les EC. De totes elles cal destacar les
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citosines amb propietats proinflamatories relacionades amb la formacié de la placa

d’ateroma:

» IL-1 produida fonamentalment per monocits i macrofags pero també per altres
tipus cel-lulars com EC i dendritiques. Existeixen dues formes IL-1a i IL-18 que
comparteixen el mateix receptor i exerceixen efectes bioldgics similars tot i que
la seva homologia només és d’'un 25%. Part dels seus efectes proinflamatoris
es deuen a que indueix l'alliberacié d’histamina en els mastocits generant
vasodilatacié i augment de la permeabilitat vascular en el focus d’inflamacio6.

També promou la sintesi de proteines de fase aguda per part dels hepatocits.

» IL-6 on els mondcits, macrofags, EC, limfocits T entre d’altres sén les cél-lules
productores. Conjuntament amb la IL-1 és la principal inductora de la sintesi de
proteines de fase aguda, sobretot, del fibrinogen i CRP. A més, d’aquest efecte
en la inflamacié, s’ha observat que indueix la produccié de Ig en promoure la

diferenciacio6 dels limfocits B.

» TNF-a es sintetitzat en resposta als antigens bacterians majoritariament per
monodcits i macrofags. Principalment, les seves funcions sén un potent
mediador paracri i endocri de la inflamacié i del sistema immune amb la
induccié de I'expressié de molécules d’adhesié contribuint a la extravasacié
dels leucocits. A més, regula el creixement i la diferenciaci6 de una gran

varietat de tipus cel-lulars.

L’expressié d’aquestes citosines esta regulada per NF-kB, a la vegada, aquestes
citosines sintetitzades poden estimular I'activacié d’aquest factor de transcripcio, per
tant, s’obté un feedback positiu (de Martin et al., 2000).

2.5.4. Quimiosines

Les quimiosines sén un tipus de citosines amb propietats quimioatraients que
indueixen a les cél-lules com els leucocits, mitjangant els receptors apropiats, a migrar
en direcci6 al focus inflamatori. Totes les quimiosines amb una mida compresa entre 8-
14kDa estan estructuralment relacionades i es caracteritzen per la preséncia de
cisteines unides per pont disulfur. Els seus receptors sén proteines amb 7 dominis

transmembranals.

En referéncia a la funcié inflamatoria, les quimiosines sén produides per multiples

cél-lules com monocits, macrofags, limfocits, neutrofils i EC en resposta a senyals de
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perill com una infeccié bacteriana, virus o dany tissular i la seva secrecié pot estar
regulada per citosines proinflamatories (IL-1, TNF-a o IFN-y). Aquest gradient de
quimiosines té com a funcio principal atraure les cél-lules efectores sanguinies com els
leucdcits (monocits, limfocits) cap al teixit afectat. Es a dir, durant la interaccio
leucdcits-endoteli, hi ha un increment en la produccié de quimiosines les quals detonen
I'activacié d’integrines iniciant-se el canvi de rodament lent amb unions transitories cap
a l'adhesi6é ferma d’alta afinitat entre leucocits i 'endoteli (Laudanna et al., 2002) amb
la conseqlent extravasaci® de mondcits i limfocits T dins la paret vascular i
reclutament de nous leucdcits el focus d'inflamacié. Aixi, les quimiosines es poden
considerar uns potents mediadors de la migraci6 i activacidé cel-lular tenint un paper
clau en fases inicials de la resposta inflamatoria (Lukacs et al., 1995; Gerszten et al.,
1999). Tanmateix, les quimiosines poden realitzar altres funcions com cooperar en

I'activacié cel-lular i en 'angiogénesi.

Entre totes elles destaquem el MCP-1 (CCL2) i IL-8 (CXCLB8) presents en la placa
d’ateroma (Terkeltaub et al., 1998). MCP-1 és un potent quimioatraient de mondcits
mentre que IL-8 n’és de neutrodfils. Aquestes quimiosines estan produides per les EC
via NF-kB (de Martin et al., 2000), no obstant, MCP-1 també es detecta en macrofags i

SMC presents en la placa d’ateroma (Yla-Herttuala et al., 1991).

2.5.5. Sistema immunomodulador CD40/CD40L

El sistema immunomodulador CD40/CD40L esta implicat en la fisiopatologia de
diverses malalties inflamatories croniques com [Iarteriosclerosi (Phipps 2000;
Schénbeck i Libby, 2001; Lutgens i Daemen, 2002; Szmitko et al., 2003). El lligand
CDA40L (39 kDa, membre de la familia TNF) i el seu receptor CD40 (50 kDa, proteina de
membrana de la familia dels receptors de TNF) s’expressen conjuntament en ECs,
SMCs, limfocits T, macrofags i plaquetes implicats tots ells en el procés arteriosclerotic
(Schoénbeck i Libby, 2001). El CD40L actua en una forma soluble, la qual és plenament
activa bioldgicament (sCD40L) (Graf et al.,, 1995). Estudis immunohistoquimics en
humans revelen la preséncia de CD40L i CD40 en les diferents fases de
I'arteriosclerosi, incloent la iniciacid i progressio de la lesié arteriosclerdtica aixi com
també en les possibles complicacions trombotiques posteriors (Breummer et al., 2001).
Quan el sCD40L s’uneix al seu receptor CD40 situat en la superficie de les ECs o de
SMCs s’indueix I'expressié de molécules d'adhesié com E-selectina, VCAM-1 i ICAM-1

promovent el reclutament leucocitari en la zona de lesi6 arteriosclerotica. Alhora,
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CDA40L indueix la secreci6 de citosines i quimiosines (IL-6, TNF-a. i MCP-1) per part de
les céllules implicades en la formacié de placa d’ateroma, tenint com a resultat un
reclutament constant de leucocits. Per tant, el sistema de senyalitzacié proinflamatori
CD40/CD40L desencadena l'activacié de molécules d’adhesié cel-lular i secrecié de
citosines i quimiosines proinflamatories promovent el reclutament leucocitari i la
perpetuacié de la resposta inflamatdria en la zona on s’inicia la lesié arteriosclerdtica. A
més, els macrofags i els limfocits T també expressen CD40 i CD40L els quals activaran
més ECs i SMCs permetent la progressio de la lesié en reforgar la reaccié inflamatoria.
Es pensa que les LDLox podrien ser els detonants de I'expressio de CD40/CD40L en la

placa d’ateroma (Schénbeck et al., 2002).

En estudis previs realitzats en animals i en humans s’observa una interrupcié de la
senyalitzaci6 de CD40/CD40L provocant una disminuci6 significativa de la formacié i la
progressio de la lesio arteriosclerotica (Schénbeck et al., 2000; Lutgens et al., 2000). A
més, estudis amb dones sanes demostren que concentracions elevades de CD40L es
poden correlacionar amb un increment de risc vascular amb la qual cosa es podria

considerar com un marcador d’arteriosclerosi (Schénbeck, et al., 2001).

2.6. Expressio de molécules inflamatories regulada per NF- kB

El factor nuclear kappa B (NF-kB) correspon a una familia de factors de transcripcio
implicat en la transmissié de senyals del citoplasma al nucli de nombrosos tipus
cel-lulars, el qual juga un paper essencial en I'expressié d’'una amplia varietat de gens
implicats en la patogénesis de diverses malalties com [l'arteriosclerosi i el cancer
(Yamamoto i Gaynor, 2001). En mamifers, s’han descrit 5 membres que formen part de
la familia NF-kB/Rel: Rel A (p65), Rel B, p50/p105 (NF-kB1), p52/p100 (NF-kB2) i c-Rel
(Ghosh et al., 1998).

Ser?76 Ser529 Sersse

p65 RHD TAD

Figura 4. Estructura de la subunitat p65 del NF-«B.

La familia NF-kB es caracteritza per tenir en la regié N-terminal un domini
d’homologia Rel (RHD) conservat el qual conté el domini de dimeritzacio, senyal de

localitzacié nuclear (NLS) i el lloc d’'unié al DNA (acid desoxiribonucleic). A més, p65,
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RelB i c-Rel contenen el domini de transactivaciéo (TAD) en la regié C-terminal (Li i
Verma, 2002; Figura 4). El NF-kB s’expressa en forma d’homodimers o heterodimers

perd en la gran majoria dels tipus cel-lulars s’expressa en forma d’heterodimer p65/p50.

En condicions basals de la céllula, NF-kB esta retingut en el citoplasma en forma
inactiva mitjancant la unié amb proteines inhibidores anomenades IkB (Kutuk i Basaga,
2003; Figura 5). Aquesta familia IkB, principalment IkBo, es caracteritza per la
preséncia de moltes repeticions d’anquirina implicades en la interaccié proteina-
proteina (Li i Verma, 2002). En preséncia d’una amplia varietat d’estimuls, I'inhibidor
IkB es fosforilat per les cinases IKK, ubiquitinitzat i degradat via proteasoma provocant
la separaci6 i activacié del NF-kB (Sakurai et al., 1999; Yamamoto i Gaynor, 2004).
Aquesta activacié de NF-kB pot esdevenir-se mitjancant la fosforilacié de la subunitat
p65-NF-kB (P-p65) en els residus de serina destacant, sobretot, la fosforilacié de la

serina 536 (Figura 4).
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NF-kB en separar-se del IkB queda desemmascarat el NLS permetent la
translocaci6 del citoplasma al nucli, unié al DNA i I'activacié de la transcripcié genica.
Per tant, NF-kB indueix I'expressi6 d’'un gran nombre de gens entre els quals
s’engloben les molécules d’adhesio, les citosines i les quimiosines implicats amb la

resposta inflamatoria del procés arteriosclerotic (de Martin et al., 2000) (Taula 4).

Gens expressats Exemples

Molecules d’adhesio VCAM-1, ICAM-1, E-selectina
Citosines TNF-a, IL-1, IL-6
Quimiosines MCP-1, IL-8

Proteines procoagulants | TF, PAI-1

Enzims Lipooxigenasa, COX-2, iNOS

Taula 4. Principals gens regulats per NF-kB.

El NF-kB activat esta present en EC, mondcits/macrofags i SMC que intervenen en
la lesi6 arteriosclerodtica (Kutuk i Basaga, 2003; de Winther et al., 2005). En els vasos
sans també es detecta el NF-kB en les mateixes cél-lules pero esta inactivat. Llavors, a
diferéncia d’altres factors de transcripcio, I'activacié de NF-kB no requereix d’'una prévia

induccio de la seva expressio.

Algunes citosines (TNF-a, IL-1), LDLox, radiacions ultraviolades, infeccié virica o
bacteriana (LPS) son els estimuls que indueixen l'activacié del NF-kB (Kutuk i Basaga,
2003), mentre que d’altres com els antioxidants (Schreck et al., 1992), glucocorticoides,
estatines (Bustos et al., 1998) i begudes alcohdliques amb contingut polifenolic (Blanco-
Colio et al., 2000 i 2007) inhibeixen la seva activacio. En I'estudi de Weber et al. (1994),
els antioxidants inhibeixen I'adhesié monocitaria en suprimir I'activacié del NF-kB que
regula I'expressié de molécules d’adhesi6é endotelials en cél-lules amb una exposicié a
reaccions d’oxidacié (peroxid d’hidrogen, anié superdxid). Aquestes troballes
suggereixen que els antioxidants podrien exercir un efecte antiinflamatori en modificar
I'expressio de les moléecules d'adhesié endotelials d’'uni6 a mondcits per regulacié
negativa del NF-kB. Per tant, I'activacié del NF-kB pot estar inhibida per I'efecte produit
pels antioxidants i, també, per NO pero difereixen entre ells en el mecanisme d’acci6

pel qual el NF-kB és inactivat (Spiecker et al., 1998).

En l'actualitat, els factors de transcripcié sén una bona diana terapéutica ja que,
normalment, s’expressen en diferents tipus cel-lulars i regulen un gran nombre de gens.

Concretament, el NF-kB genera molta expectacié sent un factor important d’investigacié
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degut a que regula gens implicats en el control de la resposta inflamatoria que té lloc en
el desenvolupament arteriosclerotic (de Winther et al., 2005). Per tant, I'obtencié de
tractaments terapéutics enfront el NF-kB potenciaria un efecte anti-aterogénic. A més,
de generar farmacs que tinguin com a diana el NF-kB, com podrien ser els inhibidors de
l'activacié de NF-kB, s’esta estudiant la possibilitat de fer nutrigendmica, és a dir, usar
nutrients com a reguladors de I'expressidé génica. Un exemple podria ser I'Us de
flavonoides com a reguladors de NF-kB evitant I'expressié de gens inflamatoris. Els
polifenols procedents de la dieta (flavonoides) modulen processos de senyalitzacié

cel-lular com la inflamacié mitjangant la regulacié de NF-kB (Rahman et al., 2006).

2.7.Disfuncio endotelial - interaccions entre leucocit i endoteli vascular

L’endoteli vascular juga un paper clau en preservar I'estructura i funcié normal del
vas arterial. En condicions fisiologiques, I'endoteli vascular té un potencial
antitrombotic i no es produeixen infiltracions de leucocits cap a linterior de la paret
vascular. Perd aquest endoteli arterial canvia rapidament en resposta a estimuls
especifics (infeccions per microorganismes, LDLox, tabaquisme, hipertensio, diabetis,
hiperhomocisteinémia) els quals serien la causa de la disfuncié endotelial (Ross,
1999). La disfunci6 endotelial, alteracio de la fisiologia de la paret de I'endoteli vascular
que produeix un desequilibri de la funcionalitat, esta associada a diverses
manifestacions cliniques de la patologia de larteriosclerosi com la insuficiéncia
cardiaca, per tant, 'endoteli es un objectiu estratégic per al tractament de malalties

cardiovasculars.

En larteriosclerosi, la disfuncié6 de I'endoteli vascular lidera el reclutament de
leucocits amb un increment de I'adhesié leucocitaria aixi com també una disminuci6 de
la produccié de NO (Cybulsky i Gimbrone, 1991). La interaccio entre els leucocits i
I'endoteli esta regulada per I'expressié de molécules d’adhesié i produccié de citosines
proinflamatories, els quals juguen un paper critic en el manteniment del procés
inflamatori afavorint el desenvolupament del procés arteriosclerotic (veure apartat 2.5).
Aquesta interacci6 entre leucocit i endoteli, via receptors especifics, podrien
proporcionar senyals intracel-lulars que activarien la extravasacio dels leucocits des de
la llum del vas cap al focus d’'inflamacié mitjangant unions especifiques. Per tant, el
procés arteriosclerotic s’inicia amb una disfuncié endotelial on s’altera la funcio6 i
estructura de I'endoteli vascular, caracteritzada per la interaccio leucocit amb I'endoteli

vascular promoguda per molécules d’adhesi6é. Aquesta fase inicial de la inflamacié
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cursa en silenci (asimptomatica) perllongada en el temps. La interaccié leucocit-

endoteli succeeix en varies fases (Price i Loscalzo, 1999; Alon i Feigelson, 2002;
Laudanna et al., 2002; Figura 6):

» Reclutament i rodament lent. El reclutament leucocitari des del vas sanguini cap
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als teixits circumdants es el pas clau per a linici del procés inflamatori. El
reclutament de leucdcits fa referencia al procés en el qual els leucocits
s’adhereixen transitdriament a I'endoteli vascular mitjangcant quimioatraients de la
superficie endotelial. Aquestes unions transitories, reversibles, deébils i de baixa
afinitat es desencadenen en interaccionar les selectines endotelials
(principalment E i P-selectina) amb els contrareceptors leucocitaris. Aquesta
adhesio transitoria és suficient per disminuir el moviment dels leucocits i,
consequentment, facilitar el rodament lent d’aquests leucocits per sobre la
superficie endotelial com a resultat d’'una pérdua relativa d’adheréncia dels
leucocits a I'endoteli (rodament per contacte de baixa afinitat). Aquest rodament
lent sembla ser la causa del canvi conformacional que pateixen les integrines
leucocitaries, les quals s’activen i provoquen un increment de I'afinitat d’aquestes

integrines amb els lligands endotelials corresponents.

Activacié fa referéncia a I'increment de I'habilitat de les cél-lules per interaccionar
amb els lligands extracel-lulars d’altres cel-lules mitjangcant quimioatraients de la
superficie endotelial. Els quimioatraients de la superficie endotelial, principalment
MCP-1, generen l'activacidé progressiva dels leucocits consistent en I'expressio
d’integrines que facilita la seva adheréncia a les cél-lules endotelials. Aquesta
activacié d’integrines per senyals de transduccio induits per quimiosines succeeix
molt rapid. Simultaniament, les cél-lules endotelials comencen a expressar en la
seva superficie molécules d’adhesié pertanyent a la superfamilia de Ig permetent
una unié més ferma amb els leucocits i la seva activacidé pot estar induida per

diverses molécules proinflamatories com citosines, LPS i fosfolipids oxidats.

Adhesié ferma. L'augment de l'avidesa de les integrines leucocitaries per a els

ligands endotelials (superfamilia de Ig) desencadena una adhesié ferma entre
leucocit-endoteli, és a dir, consolidacid i estabilitzaci6 dels leucocits a la
superficie de I'endoteli després d’'un curt periode de rodament. Per tant, s’origina
un augment de la adhesio leucocitaria per activacié d’'integrines i senyalitzacié de

quimiosines.
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» Transmigracié, fase final que acompanya a l'adhesié ferma. Degut a la
permeabilitat endotelial que esdevé en l'etapa inicial de larteriosclerosi, es
produeix la transvasacié dels leucocits des de la llum del vas cap a capa intima

de endoteli a través de I'espai format entre les unions interendotelials.

Leucocit

Reclutament - Rodament lent

Adhesio Transmigracio
ferma

Endoteli

Figura 6. Fases de la interacci6 leucocit-endoteli.

2.8.Factors de risc cardiovascular classics

La funcié endotelial és el balang entre els elements protectors vasculars i els
factors de risc. Si la balanca es decanta a favor dels factors de risc cardiovascular
tradicionals es promou [l'arteriosclerosi perqué aquesta factors causen disfuncié
endotelial, dany cel-lular i ambient proinflamatori que es tradueix en (Altman, 2003;
Bonnetti et al., 2003):

» Increment de I'expressié de molécules d’adhesio6.
Increment de leucocits.
Increment de marcadors d’inflamacio.

Disminucié de NO.

YV V V V

Increment d’endotelina.
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La Taula 5 mostra les diferents categories i propietats dels factors de risc

cardiovascular classics més importants (Fruchart et al., 2004).

FACTORS DE RISC CARDIOVASCULAR CLASSICS ‘

LDL>160 mg/dL

Hipercolesterolemia
HDL<40 mg/dL

Hipertensié BP = 140/90 mmHg
Controlables

Diabetis Mellitus *Gluc>6.7 mmol/L

Obesitat BMI = 30

Tabaquisme >1 Cigarreta/dia

Hiperhomocisteinémia | >15 mmol/L

Sexe Homes > Dones

No controlables | Edat Homes = 45 anys
Dones = 55 anys

Antecedents familiars | CHD prematura

Taula 5. Factors de risc cardiovascular classics.

*Gluc, nivells de glucosa en deju.

2.8.1. Hipercolesterolémia

Diversos estudis epidemiologics i prospectius posen de manifest que baixes
concentracions plasmatiques de HDL-colesterol estan relacionades amb un major risc
de patir un esdeveniment coronari agut (Gordon i Rifkind, 1989). Estudis relacionats
amb modificacions genétiques i desordres del metabolisme de les HDL realitzats en
models animals i en pacients han demostrat una relacié causal entre nivells baixos de
HDL i desenvolupament de l'arteriosclerosi vascular. L’accié ateroprotectora de les
HDL s’explica per I'habilitat que tenen aquestes lipoproteines d’eliminar el colesterol
que circula per la paret arterial i transportar-lo cap al fetge per obtenir la secreci6 de

sals biliars que s6n molt importants per processos digestius, sobretot, de greixos.

Cal remarcar les xifres obtingudes en diferents estudis al llarg de les darreres
décades on es posa de manifest que la hipercolesterolémia pot induir a I'oxidacioé de
les LDL en I'endoteli vascular donant lloc a disfuncié endotelial, conseqiientment, la
hipercolesterolemia és considerada un factor important en la formacié de la placa

d’ateroma on les LDLox sén un estimul aterogénic clau (Ross, 1993). Aquestes LDLox
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alteren totes les etapes de la fase de reclutament leucocitari i un dels possibles
mecanismes és per induccié de I'expressié de molécules d’adhesié com P-selectina,
VCAM-1 i ICAM-1 (Lehr et al., 1991; McEver, 1992).

S’ha observat que individus joves poden presentar correlacions entre les
concentracions sériques de molécules d’adhesié endotelials i colesterol. Per reduir les
xifres de colesterol séric es fa un tractament amb estatines amb el qual també es
reduirien les xifres de molécules d’adhesié. Perd aquests possibles efectes
antiinflamatoris de les estatines només esta demostrat en alguns estudis (Rausch et
al., 2000).

2.8.2. Hipertensio arterial

La hipertensié és un factor de risc important. El sistema de renina-angiotensina
amb la consequent alteracié de la pressié sanguinia contribueix a la patogénesis de
I'arteriosclerosi. Concretament, I'angiotensina Il activa la inflamacié via regulacié del
NF-kB en cél-lules monocitaries que es reflexa en una major expressié de citosines
(Kranzhofer et al., 1999). Per tant, un tractament amb inhibidors que tinguin com a
diana d’acci6é I'enzim convertidor d’angiotensina, permetria interrompre la inflamacié i

disminuir el risc cardiovascular (Libby, 2002).

La hipertensié arterial també té altres accions proinflamatories com 'augment de la
formacié de radicals lliures els quals redueixen la formacié de NO endotelial produint-
se un augment de I'adhesié leucocitaria. Aixi, la hipertensié desencadena una alteracio
de l'expressié de ICAM-1 incrementant I'adhesié monocitaria, aixd suggereix que
céllules endotelials exposades a hipertensié arterial cronica podria incrementar

substancialment I'adhesié leucocitaria (Komatsu et al., 1997).

2.8.3. Diabetis Mellitus

Diabetis Mellitus és un desordre metabolic que pot derivar en malaltia vascular
(Deedwania, 2003). La preséncia de diabetis tipus 2, variant més frequient trobada en
la fase de disfuncié endotelial, és indicatiu d’un increment en la coagulabilitat
plasmatica (Mooradian, 2003). La hiperglucémia promou I'adhesié dels leucocits a
I'endoteli mitjancant la desregulacié de I'expressié de molécules d’adhesid i aquest

procés és depenent de l'activacio del NF-kB, conseqiientment, la hiperglucémia
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indueix una disfuncié de I'endoteli vascular (Morigi et al., 1998). A més, s’ha vist que
cél-lules diabétiques presenten una increment en la produccié de peroxidacio lipidica
donant lloc a estrés oxidatiu que lidera un increment en la migracié transendotelial de
monocits, no obstant, aquest efecte podria bloquejar-se per la preséncia d’antioxidants
(Rattan et al., 1997). D’altra banda, el grau de resisténcia a la insulina es correlaciona
significativament amb les concentracions de E-selectina, ICAM-1 i VCAM-1 fet que
incrementaria la predisposicié a patir una malaltia coronaria per activacié de les

molécules d’adhesié cel-lulars (Chen et al., 1999).

2.8.4. Obesitat

Nombrosos estudis han determinat una relaci6é lineal entre obesitat i malaltia
cardiovascular (Kim et al.,, 2000). L'obesitat, caracteritzada per un excés de teixit
adipds, genera un estat proinflamatori que incrementa la predisposicié de patir un
sindrome coronari agut. Aquest estat proinflamatori es caracteritza per un augment en
les concentracions sériques de CRP indicant, en aquest cas, una elevada concentracio
de citosines inflamatories secretades pel teixit adipds (Visser et al., 1999). Llavors, el
control del pes és un aspecte important a tenir en compte degut a que s’ha observat
que en dones obeses que han patit una pérdua de pes s’associa a una reduccié en els
nivells sérics de CRP (Tchernof et al., 2002). A més, un excés de teixit adipds provoca
un increment en la concentracié de I'inhibidor dels activadors de plasminogen (PAI-1)
que es tradueix en un desequilibri de la balanca a favor del sistema trombotic en

retraiment del sistema fibrinolitic (Grundy, 2002).

2.8.5. Tabaquisme

Existeix una relacié lineal entre fumar i risc de malaltia cardiovascular (CVD)
independentment del nimero de cigarretes fumades al dia (Hasdai et al., 1997).
Llavors, fumar tabac és un altre factor de risc de patir arteriosclerosi produint-se una
declinacié en la resposta vasomotora de I'endoteli (Pepine et al., 1998). Aixd provoca

disfuncié endotelial possiblement mitjancant diversos mecanismes:

» Increment de l'estrés oxidatiu per increment de I'oxidacio de les LDL (Powell,
1998).
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» Reduccio6 en la produccié de NO. Mazzone et al. (2001) van observar que en
individus fumadors es produeix una reduccié en els metabolits de NO i un

increment significant en la concentracié de sICAM-1 i sVCAM-1.

» Alteracions en les cél-lules endotelials. Fumar cigarretes incrementa la adhesio
dels leucdcits a I'endoteli perqué indueix I'expressié de les molécules d’adhesié
en I'endoteli i afavoreix I'increment de la migracié transendotelial a través de la
fosforilacio de PECAM-1 (Shen et al., 1996).

L’oxidasa xantina, produida per I'accié6 de fumar cigarretes, podria contribuir de

manera clau en aquesta disfuncié endotelial (Guthikonda et al., 2003).

2.8.6. Hiperhomocisteinémia

L’homocisteina s’obté a partir de la dimetilaci6 de la metionina. Aquelles
alteracions en el metabolisme de ’homocisteina en els quals s’obtenen nivells elevats
d’homocisteina estan relacionats amb risc de patir malaltia vascular coronaria, cerebral
o periférica. Nivells elevats d’homocisteina plasmatica sén indicatius de risc de patir

arteriosclerosis.

En un article de revisi6 de Welch i Loscalzo (1998) es detalla que la
hiperhomocisteinémia causa una disfuncié endotelial seguida d’'una activacié de
plaguetes i formacié d’un trombus. L’homocisteina podria exercir els seus efectes
mitjangant dany oxidatiu a través del mecanisme de disminucié de la biodisponibilitat
del NO per potenciacié de la seva inactivacié (Loscalzo, 1996). A més, 'homocisteina
activa el factor de transcripci6 NF-kB en les SMC i, en conseqliéncia, contribueix a
'efecte proliferatiu en la paret vascular a través d’aquest mecanisme que implica

estrés oxidatiu (Bellas et al., 1995).

2.9. Marcadors d’inflamacié com a predictors d’arteriosclerosi

Tot i que es disposen d’eines terapéutiques preventives, CVD segueix liderant les
causes de morbo-mortalitat. Perd només amb factors de risc classics, se'n prediuen
menys del 50% del total dels possibles esdeveniments cardiovasculars futurs. Cal la
utilitzacié d’altres factors de risc (emergents) per identificar I'arteriosclerosi subclinica i,

per tant, predir amb més precisié esdeveniments cardiovasculars futurs. Per tant, la
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determinaci6 de risc global de patir CVD mitjancant la deteccié combinada de factors
de risc classics amb factors de risc no classics incrementaria les possibilitats de
detectar individus amb risc cardiovascular i, en conseqiéncia, optimitzar i agilitar el

diagnostic i la prevencié de CVD com I'arteriosclerosi.

En els darrers anys han emergit nous candidats a ser marcadors de risc
cardiovascular no classics, és a dir, individus amb concentracions elevades d’aquests
biomarcadors tenen un major risc de patir un esdeveniment vascular com l'infart de
miocardi (Ridker et al. 2001). La Taula 6 mostra els possibles nous factors de risc
cardiovascular que es considerarien com a biomarcadors predictors de malaltia
arteriotrombotica molt important per a detectar la preséncia d’arteriosclerosi subclinica
(Lahoz i Mostaza, 2007):

Factors de risc cardiovascular no classics

Fibrinogen
Marcadors Coagulacié PAI-1

Trombina

Molécules adhesié

Citosines
Marcadors Inflamaci6 CRP
CD40L
MMPs
Altres Lp (a)

Taula 6. Factors de risc cardiovascular no classics.

Clinicament, alguns d’aquests factors s6n encara una promesa perd no un fet
degut a que no compleixen totes les caracteristiques de biomarcador de CVD (Taula
7). Per exemple, pel fibrinogen encara no existeix I'estandarditzacié de I'assaig (de
Ferranti i Rifai, 2007).
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Caracteristiques d’un marcador de risc CVD

Versemblancga biologica demostrada

Prediccié de CVD en poblacions per diversos métodes
(epidemiologics, prospectius i poblacionals)
Actuacio independentment d’altres factors de risc
Increment de I'habilitat de prediccié de malaltia mitjan¢ant Framingham Risc Score
Presenta una estabilitat bioldgica al llarg del temps
Amplia disponibilitat d’assaigs reproduibles i estandarditzats

Disminucié per efecte d’intervencions reductores de risc

Taula 7. Caracteristiques imprescindibles d’'un marcador de risc cardiovascular.

Degut al paper clau de la inflamacié cronica en larteriosclerosi, nombrosos
marcadors d’inflamaci6 com CRP, molécules d’adhesi6o (ICAM-1, VCAM-1 i E-
selectina), citosines (IL-6, IL-18 i TNF-a), MMPs (MMP-9) i CD40L s’ha vist
incrementat la seva concentracié en processos arteriosclerotics, considerant-se com a
possibles factors de risc emergents predictors de malaltia cardiovascular (Blake i
Ridker, 2001; Altman et al., 2003; Lind, 2003; Szmitko et al., 2003). Concretament,
aquesta Tesi Doctoral es centralitza en l'estudi dels biomarcadors d’inflamacio, a

excepcié de MMPs, com a predictors d’arteriosclerosi:

» CRP és un marcador d’inflamaci6é sistémica amb una rellevancia a nivell de
prediccio de futurs esdeveniments cardiovasculars (Ridker i Morrow, 2003).
Teoria avalada per diversos estudis, per exemple, Ridker et al. analitzen
concentracions de CRP per preveure risc cardiovascular en dones (2000).
Actualment, hsCRP (nivells sérics de CRP mitjangant un assaig d’elevada
sensibilitat) n’és el marcador d’inflamaci6 més usat en I'ambit clinic en
comparacié amb el métode tradicional degut a que compleix els requeriments
per ser considerat un marcador de CVD (Taula 7). hsPCR es correlaciona amb
un increment en la prevalenca d’infart de miocardi, infart cerebral i malaltia
vascular periférica. L’augment de risc cardiovascular associat a un increment

de hsCRP n’és independent d’altres factors de risc.

» S’avalua tant la concentracio de molécules d’adhesié cel-lulars (monocitaries i
limfocitaries) com solubles (endotelials) com a marcadors d’evolucié de
l'arteriosclerosi i altres processos patologics associats (Frijns et al., 1997,

Estruch et al., 2004). Segons Price i Loscalzo les molécules d’adhesié solubles
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endotelials com sICAM-1 i sVCAM-1 (1999) poden determinar-se a partir de la
concentracié plasmatica d’aquestes molécules en pacients amb arteriosclerosi.
La mesura de molecules adhesi6é podria ser un marcador util per a la deteccid
d’activacié endotelial i leucocitaria associada a la formacié de la placa
d’ateroma i, per tant, prediccié de risc de futurs esdeveniments cardiovasculars

com l'infart de miocardi.

» Diversos estudis de Ridker et al. (2000) han determinat que les citosines com

IL-6 i TNF-a poden ser predictores d’esdeveniments cardiovasculars.

> Nivells elevats de CD40L estan associats amb esdeveniments cardiovasculars
en humans. Durant un seguiment de 4 anys, nivells basals de sCD40L eren
significativament majors en 130 dones que van desenvolupar esdeveniments
cardiovasculars en comparaci®6 amb unes altres 130 dones que van

permaneixer sanes sense malaltia cardiovascular (Schénbeck et al., 2001).

Basat en aquestes evidéncies anteriors, s’ha consolidat el concepte que els
marcadors d’inflamacié circulants tenen un paper com a factors de risc de patir
manifestacions propies de I'arteriosclerosi, tot i que, resta per determinar de manera
activa la seva contribucid en el desenvolupament i progressi6 de la malaltia

arteriosclerotica.

En resum, actualment existeix un nou front d’investigacié enfocat a determinar
nous biomarcadors per augmentar la capacitat de predir una CVD com ara
I'arteriosclerosi. S’ha proposat mesurar tot un seguit de biomarcadors indicatius
d’'inflamacié i coagulaci6 entre d’altres, considerats com a factors de risc
cardiovascular no classics en els quals una elevada presencia es correlaciona amb un
augment de risc de patir CVD. Tanmateix, aquest conjunt de biomarcadors implicats
en els efectes fisiopatologics que tenen lloc en la malaltia cardiovascular son dianes

potencials dels polifenols procedents de la dieta (Curin i Andriantsitohaina, 2005).
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3. FACTORS EXOGENS EN LA PREVENCIO D’ARTERIOSCLEROSI

3.1.Dieta

Fa dues décades es van desenvolupar estudis on es manifestava que els paisos
de la conca mediterrania europea (Espanya, Italia, Franga, Grecia i Portugal) tenien
una menor percentatge d’infarts de miocardi i una menor taxa de mortalitat per cancer
respecte la resta de poblacié mundial (De Lorgeril et al., 2002). Arrel d’aquests estudis
se’n va deduir que la dieta tenia una implicacié fonamental en la incidéncia de malaltia
cardiovascular i cancer. L’'anomenada dieta mediterrania, basada en la ingesta d’oli
d’oliva, fruites, verdures, pastes, arrds, llegums, peix, pa integral i consum moderat de
vi, és un important factor a considerar en quan a prevencié primaria i secundaria de
malalties cardiovasculars com l'arteriosclerosi. A continuacié s’expliquen els diferents

elements de la dieta mediterrania considerats com a cardiosaludables.

3.1.1. Alcohol

El concepte d’alcohol fa referéncia a begudes alcohdliques i se’n poden distingir

dos tipus:

» Begudes fermentades on s’obté etanol a partir de la fermentacié de sucres
procedents de certes fruites o grans de cereals. A més, aquestes begudes
contenen polifenols degut a que la matéria prima utilitzada per al procés de
fermentacié es d’origen vegetal. Mitjancant aquest procediment es pot obtenir

com a maxim 15 graus d’etanol i s’'inclouen el vi, la sidra i la cervesa.

» Begudes destil-lades on s’obtenen a partir de la destil-laci6 o maceracié de
begudes fermentades, amb aixd s’aconsegueix augmentar els nivells d’etanol
que sol estar al voltant dels 40 graus perd, en contrapartida, els nivells de
polifenols s6n escassos o inexistents. La ginebra, el vodka i el whisky, també

anomenats licors, en s6n exemples.
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La Taula 8 mostra el rang aproximat d’alcohol present en les begudes alcohdliques

utilitzades per als estudis inclosos en la present Tesi Doctoral.

Vi Negre 9-15'
Vi Blanc/Cava 10.8-12.8%
Ginebra >37.5°

Taula 8. Contingut alcoholic de certes begudes alcohdliques.
'Consell Regulador del vi n° 1439/1999 (D.O.C.E. L179
del 14-07-1999).
*Decret del 14-11-1991 del BOE n° 189278:37587-93.
3Regulacic') de la Comunitat Europea n° 157/89.

Des de fa moltes decades, els cientifics debaten els possibles beneficis o riscs de
consumir begudes alcoholiques. Es creu que el consum moderat d’alcohol podria tenir
una accié protectora enfront les malalties cardiovasculars com l'arteriosclerosi (veure
Apartat 4). Pero cal emfatitzar que l'alcohol s’ha de consumir només en dosis
moderades (un maxim de 40g en homes i 20g en dones al dia) per obtenir-ne un
efecte saludable a nivell cardiovascular perqué si s’augmenta la dosi (>70g/dia)
'efecte sera oposat amb conseqiiéncies molt greus i perjudicials per al individu
(Kozarevic et al., 1998). Cal considerar que el consum moderat de begudes
alcoholiques poden reduir la incidéncia de mort per CAD, perd resta per aclarir si
aquest efecte reductor es degut al component alcohdlic o etanol per se, al component
no alcohdlic, principalment polifenols o bé degut a una combinacié dels dos

components.

3.1.2. Polifenols

Els polifenols, constituents naturals dels vegetals, tenen una amplia distribucié en
aliments d’origen vegetal com les verdures i les fruites que formen part de la dieta
humana, sobretot, la dieta tipus Mediterrania i en els darrers anys se’ls hi ha atorgat
propietats antiinflamatories, antiagregants i antitrombodtiques complementaries a les

propietats antioxidants que tenen els polifenols per si mateixos (veure Apartat 5).
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3.1.3. Altres

Les vitamines C i E, i els B-carotens procedents de fruites i verdures sén, també,
una font d’antioxidants a tenir present en la dieta (Kaliora et al., 2006). Els citrics,
tomaquets, patates i olis vegetals sén font natural de vitamina C i E, respectivament.
En canvi, els B-carotens es troben ampliament distribuits entre els vegetals: taronges,
tomaquets, espinacs, etc. No obstant, la vitamina E (obtinguda per combinacié de
tocoferols i tocotrienols sintetitzats exclusivament per plantes) i els B-carotens han
ésser transportats mitjangcant particules lipidiques degut a les seves caracteristiques

hidrofobiques.

3.2.Exercici

Diversos estudis epidemiologics han demostrat una estreta relacié inversament
proporcional entre 'augment de l'activitat fisica i la reduccié de patir una malaltia
cardiovascular (Zanettini et al., 1997; Van den Burg,1997). Estudis prospectius també
confirmen que una activitat fisica diaria es efectiva tant a nivell de prevenci6é primaria
com secundaria d’esdeveniments cardiovasculars tant en homes com en dones (Blair i
Barlow, 1995). Realitzar exercici regularment (45-60 minuts/dia) disminueix el pes
corporal, la pressi6é sanguinia i la trombogénesi, i millora el perfil lipidic. Els possibles
mecanismes biologics pels quals I'exercici regular es beneficiés son els segients (El-
Sayed, 1996; Yarnel et al., 2000; Maiorana et al., 2003):

» Vasodilatacié per alliberaci6 de NO i prostaciclines que s’acompanya d’un

augment del flux sanguini.

» Reduccié del pes corporal esta associada a disminucions dels nivells de PAI-1,

que es troba en concentracions elevades en individus obesos 0 amb sobrepes.
» Disminucio dels nivells sérics de colesterol i augment de les HDL-colesterol.

> Disminucié de nivells plasmatics de fibrinogen potenciant la capacitat fibrinolitica

i, en conseqlencia, una reduccié de la coagulacioé sanguinia.

En resum, realitzar exercici moderat combinat amb una dieta saludable es efectiu
per prevenir i tractar malalties cardiovasculars i, per tant, reduir la mortalitat prematura

entre els individus de la poblacio.
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4. CONSUM MODERAT D’ALCOHOL | PREVENCIO D’ARTERIOSCLEROSI

Multiples estudis clinics i experimentals publicats en les Ultimes décades fan
referéncia a que el consum moderat d’alcohol en paisos desenvolupats s’associa amb
un menor risc de morbi-mortalitat per malaltia cardiovascular (Stampfer et al., 1988;
Gronbaek et al., 2000; Theobald et al. 2003; Mukamal et al., 2003; Ruf, 2003;
Wellmann et al., 2004; Renaud et al., 2004). Cal esmentar el Framingham Study on es
va detectar una relacié inversa entre el consum d’alcohol i els simptomes de malaltia
arterio-coronaria o CAD (angina de pit, infart de miocardi, mort sobtada) després d’un
seguiment de 22 anys en pacients amb manifestacions cliniques de CAD (Gordon i
Kannel, 1983). Aquestes publicacions globals han permés, també, extrapolar si el
possible efecte cardioprotector del consum moderat de begudes alcohdliques es
beneficiés independentment del pais d'origen, raca o sexe. Els resultats obtinguts
suggereixen que la reduccié de la morbi-mortalitat cardiovascular associada al consum
moderat d’alcohol incideix tant en paisos diferents com en homes i dones. Per
exemple, el Nurses’ Health Study basat en dades de 87.562 dones entre 34-59 anys
afirma que I'alcohol té un efecte cardioprotector no solament en homes sin6 també en
dones (Stampfer et al.,, 1988). Tanmateix, s’ha demostrat que I'alcohol t¢ un efecte
beneficiés en individus amb risc cardiovascular moderat tot i que aquest efecte

semblaria més prominent en individus amb alt risc cardiovascular (Thun et al., 1997).

Consumir begudes alcoholiques pot ser beneficiés o perjudicial per a la salut
depenent de la dosi ingerida. La corba de dosi-resposta del consum d’alcohol en
relacid6 amb la mortalitat global i risc de patir una CHD té forma de “J” o “U” (Kannel i
Ellison, 1996; Andreasson, 1998), és a dir, el risc es major en individus abstemis o
amb un consum elevat d’alcohol que no pas en individus amb un consum moderat
d’alcohol. Pero si el promig de consum d’alcohol per dia d’un individu és superior a
70g, llavors, el risc d’esdeveniments coronaris és molt superior respecte els abstemis
(Rehm et al., 2003). A partir d’aquest moment, s’han portat a terme molts estudis
prenent com a referéncia les corbes en forma de “J” o “U” per descriure amb detall la
relacié entre consum d’alcohol i mortalitat per malaltia CHD i quins sén els possibles
mecanismes que defineixen 'alcohol com a cardioprotector (Gaziano et al., 2000). Un
exemple a destacar n’és el meta-analisi de 34 estudis prospectius en homes i en
dones publicats per Di Castelnuovo et al. (2006), on es recalca el consum moderat
d’alcohol permet una disminuci6 de la mortalitat global perd a mesura que
s’incrementa la dosi d’alcohol també s’incrementa la mortalitat global. En aquest estudi

s’observa que la dosi d’alcohol considerada cardiosaludable és diferent depenent del
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sexe de l'individu a avaluar. Es a dir, les dones (1 beguda/dia) han de consumir una
dosis alcohol inferior als homes (2 begudes/dia) per poder tenir els efectes
cardioprotectors de l'alcohol degut a que tenen una metabolitzaci6 més lenta de
'alcohol a consequéncia d’'una activitat baixa de I'alcohol deshidrogenasa (enzim
metabolitzador de [I'alcohol a l'estémac). Aixi, Di Castelnuevo i col-laboradors
conclouen que el consum moderat d’alcohol és inversament proporcional a la mortalitat
total tant en homes com en dones, tot i que, en dones la dosi d’alcohol considerada

com a moderada ha de ser inferior a la dels homes.

Renaud i Lorgeril (1992) van introduir el terme de Paradoxa Francesa que es
defineix com una baixa incidéncia de mortalitat en Francga tot i ser un pais on el
consum de greixos saturats és elevat. Franca en ser un pais caracteritzat per consumir
una dieta rica en greixos saturats és logic obtenir una taxa de mortalitat per CAD
elevada pero, paradoxalment, I'estadistica demostrava tot el contrari presentant una
taxa de mortalitat per CAD molt inferior (fins a un 40% menys) respecte a I'obtinguda
en altres paisos industrialitzats. Aquest fet s’ha atribuit a I'alt consum de vi negre pels
francesos. Arrel de la Paradoxa Francesa, va sorgir la teoria que el consum moderat
d’alcohol, concretament vi negre, podria tenir un efecte cardioprotector enfront

I'arteriosclerosi i altres CAD.

Malgrat les evidéncies cientifiques del benefici del consum d’alcohol esmentades
anteriorment, hi han estudis en els quals no s’observa aquest efecte beneficiés del
consum d’alcohol. Aquest fet pot ser conseqiiéncia de la intervencio de factors de
confusié relacionats amb I'estil de vida que no s’haurien tingut en compte a 'hora de
fer els estudis com son la dieta, I'activitat fisica i els factors de risc cardiovascular
(hipertensié, tabaquisme, hipercolesterolémia, obesitat, hiperhomocisteinémia
diabetis). Per aixd és molt important obtenir dades procedents d’assaigs on els factors
estan controlats per tal d’evitar que aquests factors de confusié interfereixin en els

resultats emmascarant I'efecte protector del consum d’alcohol.

El consum moderat d’alcohol sembla tenir un efecte protector sobre el sistema
cardiovascular mitjangant la prevencié del desenvolupament de l'arteriosclerosi pero
també es podria atribuir a I'alcohol una protecci6 contra la mortalitat global per efecte
sobre altres drgans i sistemes. No obstant, la qiestié fonamental a resoldre és si el vi
té propietats cardioprotectores enfront I'arteriosclerosi superiors respecte altres
begudes alcohdliques com els licors i a quin/s component/s s’ha d’atribuir aquests

beneficis del consum moderat d’alcohol.
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4.1. Alcohol - cardiopatia, malaltia cerebrovascular i vasculopatia periférica

Durant els darrers anys, s’han publicat nombrosos estudis epidemiologics a nivell
mundial que suggereixen que el consum moderat de begudes alcohdliques (vi, cervesa
i licors) redueix la mortalitat global, sobretot, la morbi-mortalitat cardiovascular per

cardiopatia isquémica, accident cerebrovascular o vasculopatia periférica.

Individus amb un consum moderat d’alcohol presenten una relacié inversa
respecte la morbilitat cardiovascular. S’ha observat una reduccio, fins a un maxim del
50%, de la mortalitat global i d’incidéncia d’infart de miocardi en individus moderats
respecte els abstemis (Gordon i Kannel, 1983; Stampfer et al., 1988; Klatsky et al.,
1999). Aquest consum moderat d’alcohol és important no solament per la prevencio
primaria sind també secundaria com demostra Muntwyler i col-laboradors (1998). A
més, cal afegir 'aparicié d’articles recents on es suggereix que el consum moderat de
vi redueix el risc de complicacions cardiovasculars en individus que han sobreviscut a
un infart de miocardi agut recent (De Lorgeril et al., 2002). No obstant, si el consum
d’alcohol és elevat I'efecte resultant és certament toxic i perjudicial per al sistema
cardiovascular de l'individu degut a un increment del risc de patir infart de miocardi
agut o embodlia cerebral (Kiechl et al., 1998; Hillbom et al., 1999).

El risc de patir una malaltia cerebrovascular minva fins a un 50% en individus amb
un consum moderat d’alcohol en comparacié amb els abstemis i, sobretot, amb els
grans bevedors on el consum supera les 3 begudes per dia, per tant, existeix una
relaci6 en forma de “J” entre la incidéncia d’infart cerebral i consum d’alcohol
(Wannamethee i Shaper, 1998). També s’ha demostrat que un consum moderat
implica menor freqliéncia de lesions isquémiques cerebrals subcliniques detectades
mitjangant ressonancia magnética (Mukamal et al., 2001). En altres estudis s’observa
una menor risc de malaltia cerebrovascular quan la beguda consumida amb moderacio
és vi perd no es detecten canvis després de consumir cervesa o licors (Goldberg et al.,
1999).

La vasculopatia periférica es la manifestacié clinica de I'arteriosclerosi menys
investigada en relacié amb el consum d’alcohol. Tot que les dades obtingudes son poc
concloents, en el Edinburg Artery Study es va determinar que un major consum
d’alcohol podria associar-se a una vasculopatia periférica menys severa (Jepson et al.,
1995). No obstant, la millora era més significativa després d’un consum de vi respecte

el consum de cervesa o licors destil-lats.
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4.2. Tipus de beguda alcoholica i proteccio front I’arteriosclerosi

En congixer la relacié entre el consum moderat d’alcohol i la reducci6 del risc de
patir un esdeveniment cardiovascular, diversos autors han mostrat interés en
determinar si aquesta relaci6 es depenent o independent del tipus de beguda
alcoholica ingerida i, a més, quin és el component o components de les begudes
alcoholiques que cal atribuir els efectes beneficiosos sobre el sistema cardiovascular.
Estudis epidemioldgics on s’associa l'infart de miocardi i el consum de diferents tipus
de begudes alcohdliques han determinat que el consum begudes alcohodliques a dosis
moderades redueix el risc relatiu de patir infart de miocardi en comparacié amb els
individus abstemis (Rimm et al., 1991). Sembla ser que totes les begudes alcohdliques
tant vi, cervesa com licors tindrien un efecte cardioprotector per igual sense diferéncies
significatives entre elles, no obstant, semblaria existir una certa tendéncia del vi negre
a tenir un efecte més intens respecte les altres begudes alcoholiques. Arrel d’aquests
estudis van sorgir els defensors de la teoria consistent en que I'efecte cardioprotector
és independent del tipus de begudes alcohdliques que es consumeixi (vi, cervesa o
licors) atribuint aquest efecte al component alcohdlic o etanol. Perd en contraposicié
van sorgir els defensors de la teoria (avalada per la paradoxa francesa de Renaud i
Lorgeril, 1992 esmentada anteriorment) que el vi negre és més cardioprotector que la
resta de begudes alcohdliques atribuint aquest efecte beneficiés al component no
alcoholic, és a dir, els polifenols (Gronbaek et al., 2000; Theobald et al., 2003).
Posteriorment, han sorgit nous estudis com, per exemple, el meta-analisi basat en 26
articles (on s’inclouen més de 200.000 persones) on es compara els efectes del vi i de
la cervesa sobre el risc de CHD (Rimm et al, 1999). El risc relatiu de CHD en bevedors
de vi respecte abstemis era 0.68 (95% CI: 0.59-0.77), mentre que la proteccio
associada a la cervesa era un 10% inferior al vi amb un risc relatiu de 0.78 (95% CI:
0.70-0.86). Arrel d’aquest meta-analisi, s’han publicat altres articles addicionals com el
de Djousse et al. (2002) on es considera que només el consum de vi (s’exclouen la
cervesa i els licors) esta relacionat amb la reduccié del risc relatiu de patir isquémia.
No obstant, estudis prospectius han comprovat que el consum de begudes destil-lades
també poden exercir un efecte cardioprotector atribuit al propi etanol tal com defensen

Rimm i col-laboradors.

En resum, el consum moderat d’alcohol s’associa a un descens de la morbi-
mortalitat cardiovascular perd hi ha una manca de consens unitari per part dels

diversos investigadors en referéncia a si els beneficis cardioprotectors de les begudes
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alcoholiques han d’ésser atribuibles al propi etanol o al component no alcohdlic o bé

als dos components en conjunt.

4.3. Mecanismes implicats en reduccioé d’arteriosclerosi per consum d’alcohol

En aquests moments, els estudis que han determinat I'efecte beneficios del
consum moderat d’alcohol a nivell cardiovascular, no han permés aclarir amb exactitud
quins sén els mecanismes moleculars i cel-lulars que intervenen en aquest efecte
protector, tot i que, s’especulen diverses teories. Diversos estudis s’han centralitzat en
que el consum moderat d’alcohol provoca canvis en el perfil lipidic, deguts a nivells
elevats de HDL, relacionats amb una disminucié d’accidents vasculars perd el seu
efecte no es suficient per demostrar-ne tot I'efecte beneficiés ja que només justificaria
un 50% de lefecte total (Langer et al., 1992). Per tant, han d’existir altre/s
mecanisme/s complementari/s a l'efecte de les HDL. Variacions en el sistema
plaquetari i d’hemostasia relacionades amb una disminucié de la trombosis arterial
s’han proposat com altres possibles mecanismes d’actuacio, els quals també tenen
una incidéncia important perd insuficient per explicar-ne la totalitat de la reduccié de la
malaltia cardiovascular (Rimm et al.,, 1999). Posteriorment, en definir-se
I'arteriosclerosi com una malaltia on es destaca la importancia del component
inflamatori (hipotesi inflamatoria), esmentat en apartats anteriors de la present tesi, ha
donat peu a pensar en I'existéncia d’un altre mecanisme d’acci6 de I'alcohol relacionat
amb una possible activitat antiinflamatoria sobre la paret vascular aconseguint retardar
i/o evitar la formacié de la placa d’ateroma que té lloc en les fases inicials de
I'arteriosclerosi. Aquest possible mecanisme antiinflamatori de I'alcohol completaria la
totalitat de I'efecte cardioprotector de I'alcohol enfront I'arteriosclerosi que restava per
explicar. Resumint, el consum d’alcohol pot prevenir el desenvolupament de
I'arteriosclerosi a través de la contribucid col-lectiva de multiples mecanismes els quals

es descriuen a continuacié (Goldberg et al., 1999).

4.3.1. Efecte de I'alcohol sobre les lipoproteines

S’ha demostrat que el consum moderat d’alcohol modifica el perfil de les
lipoproteines, principalment les HDL, que es tradueix en un baix risc de patir

arteriosclerosi e infart de miocardi (Hansen et al., 2005). Segons Rimm i
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col-laboradors (1999), el consum moderat de 30g d’alcohol per dia incrementa els
nivells de les lipoproteines HDL, essencialment les subclasses HDL, i HDL; que
equival a una reduccio del risc CHD en un 17% aproximadament. Aquest increment de
les HDL per efecte del consum d’alcohol podria atribuir-se a 3 mecanismes (Rimm et
al., 1999; Agarwal, 2002):

» L’alcohol indueix la sintesi hepatica de la apolipoproteina (apo) Al i All,
components precursors de les particules de HDL, necessaries per a la
maduraci6 de les HDL. Per exemple, s’ha estimat que si un individu consumeix
30g/dia de alcohol pot mostrar de promig un increment de 8 mg/dL en la

concentracié plasmatica de apo Al.

» L’alcohol indueix un increment de la secrecidé de lipoproteines riques en
triglicérids per part del fetge i, en conseqliéncia, s’incrementa la concentracio
de lipases que degraden els triglicerids en particules lipoproteiques
(quilomicrons i lipoproteines de molt baixa densitat o VLDL). Tot aquest procés
es tradueix en un increment del flux de colesterol cap a linterior de les
particules de HDL.

» L’alcohol disminueix l'intercanvi de triglicérids i esters de colesterol mitjangant
proteines de transferéncia d’esters de colesterol i, aixi, s'aconsegueix reduir el

catabolisme de les HDL.

Segons aquests resultats, es podria concloure que el consum moderat d’alcohol
afavoreix un increment destacat dels nivells de HDL mitjancant la produccié de
constituents de les HDL, potenciacié del flux de colesterol cap a I'interior de les HDL i

la prevenci6 del seu catabolisme.

En relaci6 a l'efecte del consum moderat d’alcohol respecte concentracions
d’altres lipids com les LDL-c no esta molt definit i existeix opinions contradictories entre
autors. Certs autors (Estruch, 2000) afirmen que el consum d’alcohol no modifica les
concentracions plasmatiques del LDL-c mentre que d’altres (Paassilta et al., 1998)
confirmen petites reduccions en les concentracions plasmatiques de LDL-c, sobretot, si

el consum d’alcohol acompanya un apat.

El coneixement adquirit a partir de dades obtingudes d’estudis observacionals han
proporcionat forga evidéncia que I'oxidacio de les LDL juguen un paper important en la
iniciaci6 i progressi6 de la malaltia vascular arteriosclerotica (Griffin, 1999).
Efectivament, I'efecte antioxidant assignat al consum d’alcohol s’exerceix alterant el
procés d’oxidacido de les LDL, d’aquesta manera impedir la formacié de la placa

d’ateroma (Serafini et al., 2000). Concretament, el vi (sobretot el negre) conté un gran
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nombre d’antioxidants nutricionals degut al seu alt contingut en substancies amb
capacitat antioxidant com els polifenols a tenir en compte a I'hora de postular els
efectes estabilitzadors sobre les LDL. En aquest sentit, I'efecte antioxidant dels
polifenols del vi es considera un altre dels possibles efectes beneficiosos del consum
d’alcohol front I'aterogénesi en mostrar una capacitat d’inhibicié de I'oxidacié de les
LDL humanes presents en I'endoteli (Puddey et al., 1998). Puddey i Croft (1999)
proposen un estudi on l'alcohol destil-lat envellit en fusta roure adquireix certes
quantitats d’antioxidants que podrien ser diferents respecte als presents en el vi negre.
Aquests resultats suggereixen que no deuen existir grans diferéncies entre la capacitat
del vi i I'alcohol destil-lat en referéncia a la proteccio i/o baix risc de patir malaltia
coronaria (Goldberg et al., 1999). Recentment, en un assaig aleatoritzat i creuat dirigit
pel nostre grup d’investigacié s’observa una reduccié de I'index d’oxidacioé de les LDL
després del consum moderat de vi negre i ginebra, no obstant, la peroxidacié de les
lipoproteines només va disminuir després de consumir vi negre. Per tant, el major
efecte del vi negre respecte la ginebra possiblement atribuible a la major preséncia de

polifenols en el vi negre (Estruch, 2000).

En referéncia a la Lp(a), estudis recents mostren que juga un paper important en
I'arteriosclerosi i €s un dels factors de risc de CHD. Nivells elevats de Lp(a) redueixen
els nivells de plasminogen que es tradueix en inhibicid de la fibrindlisis (Testa i
Marcovina, 1999). Un petit nombre destudis d’intervencié recents en humans,
contribueixen a la idea que el consum d’alcohol redueix les concentracions
plasmatiques de Lp(a) (Kervinen et al., 1993). A més, Paassilta i col-laboradors (1998)
han demostrat que homes de mitjana edat que beuen alcohol en societat presenten
una reduccio dels nivells Lp(a), per tant, recalquen la idea que Lp(a) és un factor
important que explicaria la reduccié de la mortalitat i la baixa incidéncia de CAD en
bevedors socials. A més, un assaig clinic d’intervencié realitzat pel nostre grup
d’'investigacio reafirma aquesta teoria perqué la Lp (a) va disminuir després del

consum de vi negre amb alt contingut polifendlic (Estruch, 2000).

Per ultim, certs estudis han investigat I'efecte del consum d’alcohol sobre les
caracteristiques fisico-quimiques de les apolipoproteines (Apo) perqué si estan
composades per una major fraccié lipidica i una menor fraccié proteica son
potencialment més aterogéniques. Un dels pocs estudis existents, realitzat pel nostre
grup, determina que la fracci6 proteica de les HDL (Apo A) incrementa quan es
consumeix alcohol amb alt contingut polifendlic (vi negre), en canvi, la fraccié proteica
de les LDL (Apo B) disminueix en consumir alcohol amb baix contingut en polifenols

(ginebra) incrementant-ne la fraccio lipidica de les LDL (Estruch, 2000).
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Aquestes dades suggereixen que el consum moderat de begudes alcohdliques
tenen efectes positius sobre el perfil lipidic que indueixen a una millora de la salut
cardiovascular. Els mecanismes pels quals actuen varien segons el tipus de beguda

alcoholica que s’analitzi i cal emfatitzar I'efecte del component no alcohdlic.

4.3.2. Efecte de I'alcohol sobre les plaquetes, sistema de coagulacio i

fibrinolisis

El balang normal d’hemorragia i coagulaci6 de I'endoteli vascular es manté
mitjangant la interaccié i regulacié de components del sistema hemostatic com les
proteines fibrinolitiques, els factors de coagulacié i les plaquetes circulants. Tanmateix,
I'aparicié d’esdeveniments cardiovasculars aguts, com a conseqiéncia de la formacié
d'un trombus que obstrueix el vas sanguini desencadenat per una fissura de la placa
d’ateroma, poden tenir origen en el desequilibri del sistema hemostatic amb alteracions
en la coagulacié sanguinia (tant plaquetes com proteines i factors de coagulacié) i el
sistema fibrinolitic. Aquest raonament ha permés als investigadors un nou enfoc
d’estudi direccionat a que el consum moderat d’alcohol pot interaccionar positivament
amb diferents factors hemostatics com l'agregabilitat plaquetar, concentracié de
fibrinogen i els factors fibrinolitics que minvarien el risc de patir esdeveniments

cardiovasculars (Djousse et al., 2000; Mukamal et al., 2001; van de Wiel et al., 2001).

4.3.2.1. Consum d’alcohol i activitat plaquetaria

Estudis in vitro demostren I'efecte inhibidor de [l'alcohol sobre [I'agregacio
plaquetaria. No obstant, aquest efecte inhibidor també s’ha comprovat tant en
plaguetes humanes (Cowan, 1980) com animals (Torres Duarte et al., 1995). Estudis
epidemioldgics relacionats amb l'agregacié de plaquetes donen suport a aquestes
dades (Imano et al., 2002). No obstant, pocs estudis a gran escala si han inclds dones,
a més, tampoc s’han realitzat estudis que aclareixin la relacié entre el consum
d’alcohol i activacié plaquetaria. Arrel d’aquests interrogants, es va realitzar un estudi,
anomenat Framingham Offspring Study, amb I'objectiu de definir la relacié concreta
entre consum d’alcohol i activitat plaquetaria (activacié i agregacié conjuntament) en
una poblacié adulta d’'ambdoés sexes (Mukamal et al., 2005). Per a I'estudi es mesura

la P-selectina, un marcador d’activacié plaquetar. La P-selectina en activar-se es
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transloca en direccié a la superficie de la plagueta amb la funci6 de permetre la
interacci6 amb altres plaquetes produint-se I'agregacié entre elles. EI Framingham
Offspring Study conclou que el consum d’alcohol és inversament proporcional tant a
I'activacié com 'agregacio de plaquetes, particularment en homes. De totes maneres,
cal obtenir més estudis per determinar si aquests resultats contribueixen amb la relacio
consum d’alcohol i esdeveniments cardiovasculars relacionats amb la balanca
trombosis-fibrindlisis. Segons Rubin (1999), I'etanol inhibeix I'agregacio plaquetaria i la
formacié de tromboxa A, en humans, per tant, alcohol exerceix un efecte antitrombadtic
tant in vitro com in vivo. Altres estudis demostren que I'alcohol, concretament el vi, té
un efecte negatiu sobre I'agregacié de les plaquetes sanguinies. Segons Ruf (2004),
I'activitat antiplaquetaria del vi negre s’explica per I'efecte sinérgic entre I'etanol i els
polifenols, aquests Ultims es detecten en elevades concentracions. A partir d’'aquest
estudi, en particular, neix la teoria de que el vi i, especificament els polifenols,
inhibeixen I'agregacio de les plaquetes podent explicar una part dels efectes protectors

més intensos del vi enfront I'arteriosclerosi.

4.3.2.2. Consum d’alcohol i sistema de coagulacié

En referéncia al sistema de coagulacié existiria una relacié entre consum moderat
d’alcohol i disminucié dels nivells plasmatics de plasminogen (Hendriks i Van der
Gaag, 1998). Aquest efecte del consum moderat d’alcohol podria ser atribuible a la
seva acci6 antiinflamatoria. Experiments tant in vitro com in vivo han demostrat que
dosis baixes d’etanol redueixen els nivells de fibrinogen en un 20% (Wang et al.,
1999). Estudis epidemiologics reafirmen la reduccié dels nivells plasmatics de
fibrinogen relacionada amb un menor risc d’infart de miocardi en individus amb un
consum moderat de begudes alcohdliques en comparacié amb els abstemis i els grans
bevedors, per tant, el consum d’alcohol i concentracié de fibrinogen presentarien una
relacié en forma de J (Scarabin et al., 1998; Lacoste et al., 2001). A més, un estudi in
vitro ha demostrat que el resveratrol, polifenol present en el vi, té la capacitat d’inhibir
el factor tissular essencial per detonar la cascada de coagulacié (Pendurthi et al.,
1999). Per ultim, es pensa que el consum moderat d’alcohol no solament incideix
negativament sobre les proteines de coagulacié sindé també sobre els factors de

coagulacié com els factors VII i VIl (Gorinstein et al., 1997).
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4.3.2.3. Consum d’alcohol i fibrinolisis

Estudis experimentals han suggerit que l'efecte beneficiés del consum moderat
d’alcohol podria ser degut a la capacitat d’augmentar I'activitat fibrinolitica de les
cél-lules endotelials a traves de canvis en els nivells del diferents components del
sistema fibrinolitic com I'augment dels activadors de plasminogen (t-PA i u-PA) i la
disminucié de PAI-1 (Hendriks i Van der Gaag, 1998). Aixi, doncs, la potenciacié del
sistema fibrindlisis redueix el risc de trombosis minvant la probabilitat de produir-se un
infart de miocardi. Estudis in vitro (Booyse i Parks, 2001) proposen que tant I'etanol
com els compostos no alcoholics (catequina, resveratrol...) indueixen la secreci6 de t-
PA, per tant, el consum moderat d’alcohol produeix canvis en el sistema de
coagulacio-fibrinolisis decantant-se la balanga cap al procés de fibrindlisis. No obstant,

altres treballs publicats no han detectat aquesta associacio (Volpato et al., 2004).

4.3.3. Efecte de I’alcohol sobre la funcié endotelial

Existeixen evidéncies que determinen l'efecte beneficids de Il'alcohol sobre la
funcié endotelial, concretament, el consum d’alcohol en individus sans a resultat en
una millora del flux sanguini per vasodilatacio, el qual es considera una mesura
important de funcié endotelial (Teragawa et al., 2002). Aquest efecte vasodilatador de
I'endoteli s’obtindria mitjangant I'expressié de I'dxid nitric sintasa amb la consequient
alliberacié de NO per part de les cél-lules endotelials (Leikert et al., 2002). Un estudi
amb 11 homes sans, es va mesurar la dilatacié depenent de flux sanguini (un
increment del flux sanguini provoca una dilataci6 de lartéria gracies a lefecte
vasodilatador del NO alliberat per les cél-lules endotelials) abans i després del consum
de vi negre (ric en polifenols), vodka (pobre en polifenols) o vi negre desalcoholitzat.
Es va determinar una millora significativa de la dilatacié després del consum de vi
negre tant amb alcohol com sense. No obstant, després del consum de vodka es va
obtenir una reduccié de la dilatacié (Hashimoto et al., 2001). Karatzi i col-laboradors
(2004) van fer un estudi amb 15 homes que ingerien 250 mL de vi negre normal i
desalcoholitzat, les dades obtingudes van demostrar que els individus en consumir vi
negre desalcoholitzat presentaven un major flux sanguini per vasodilatacid en
comparaciéo amb el vi negre normal. També s’ha demostrat que la ingesta de most
permet una millora significativa del flux coronari en pacients afectats per una

cardiopatia coronaria (Stein et al., 1999). Aixi, part d’aquest efecte cardioprotector del

49



Introduccio

vi sobre I'endoteli vascular podria estar relacionat amb una acci6é independent de les
substancies no alcohdliques presents en el vi com sén els flavonoides (polifenols) i el
resveratrol. Un exemple a destacar és 'estudi in vitro realitzat per Andriambeloson et
al. (1999) on s’ha comprovat que I'administracié de quercitina i resveratrol, polifenols
molt freqlients en el vi negre, en rates provoca una vasodilatacié de l'aorta aillada

principalment pel mecanisme relacionat amb la secrecioé de NO.

Aquests estudis mostren que les begudes alcoholiques poden millorar la funcid
endotelial per efecte tant de I'etanol com dels compostos no alcohdlics (polifenols),

presents en certes begudes com el vi negre.

4.3.4. Efecte de l'alcohol sobre la resposta inflamatoria en la paret

vascular

En els darrers anys han sorgit noves evidéncies sobre la participacié del procés
inflamatori en la disfuncié endotelial, clau per a la formacio6 de la placa d’ateroma. Arrel
d’aquesta hipotesi inflamatoria de I'arteriosclerosi, diversos cientifics (inclos el nostre
grup d’investigacié) s’han decantat per una nova linia d’investigacié consistent en
lestudi de l'efecte del consum moderat d’alcohol sobre diversos parametres
inflamatoris d’arteriosclerosi com la produccié de citosines i quimiosines, expressio de
molécules d’adhesiéo i NF-kB (esmentats anteriorment) amb [I'objectiu de poder
determinar la incidéncia de l'alcohol en la resposta inflamatoria-immune relacionada
amb processos arteriosclerdtics (Blanco-Colio 2000 i 2007; Sacanella et al., 2002;
Estruch et al., 2004), és a dir, aclarir el possible mecanisme antiinflamatori de I'alcohol.
No obstant, un consum excessiu i cronic d’alcohol s’associa a un increment en la
resposta proinflamatoria amb dany del sistema immune (Cook, 1998), per tant, alcohol
té un efecte dual (antiinflamatori o proinflamatori) en funcié6 de la dosi d’alcohol

ingerida i del temps d’exposicio.

L’article de Brown et al. (2006) agrupa diversos estudis que col-lectivament
demostren un increment de la resposta inflamatoria induida per citosines en consumir
alcohol en excés, el qual també origina un estrés oxidatiu cronic que contribueix a la
generacié de més citosines proinflamatories, per tant, hi ha una induccié constant de
senyals inflamatories que fan inefectives les estratégies del sistema immune enfront
una infeccié a conseqiiéncia de I'ablus de alcohol. Diversos estudis demostren que
I'efecte immunosupressor de I'etanol seria sobre diversos tipus cel-lulars on s’inclouen

els mondcits, els macrofags i els limfocits T (Watson et al., 1988; Chen et al., 1993).
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Disposem dades procedents d’estudis amb animals d’experimentacid on dosis
elevades d’etanol mostren una sobreexpressioé tant de 'lCAM-1 de I'endoteli hepatic
com del seu lligand leucocitari LFA-1, és a dir, aquest increment d’expressié de
molécules d’adhesié provoca un increment en I'adhesi6 leucocit — endoteli facilitant la
extravasacid de leucocits que desencadena l'inici de la resposta proinflamatoria que
pot derivar en dany hepatic (Bautista, 1997). Tanmateix, estudis amb humans
determinen que I'Us excessiu i perllongat d’alcohol indueix una hepatitis alcohdlica, la
qual esta associada amb un increment en els nivells circulants de citosines
proinflamatories com el TNF-a (McClain et al., 1999) i una desregulacio en I'expressio
de molécules d’adhesi6 endotelials i leucocitaries (mondcits i limfocits) com ICAM-1,
VCAM-1, E-selectina i VLA-4 (Sacanella et al., 1999 vol. 23 i 34; Sacanella i Estruch,
2003). En definitiva, les darreres publicacions suggereixen que un consum cronic i
excessiu d’alcohol activa senyals cel-lulars relacionades amb un increment en
'expressid de molécules d’adhesié i citosines que promouen la extravasacio de
leucocits on s’exerceix un efecte proinflamatori, el qual afecta significativament a la

resposta immune-inflamatoria de I'individu.

Un consum moderat d’alcohol podria afectar la producci6 de mediadors
d’'inflamacié en humans d’aquesta manera permetria influenciar negativament en la
formacié de lesions arteriosclerotiques. Aquesta associacio esta avalada per resultats
obtinguts en estudis epidemioldgics on es compara el consum d’alcohol (tant en
homes com en dones) amb nivells de proteina CRP, un marcador d’inflamacié sistémic
(Imhof et al, 2001). En la grafica de la Figura 7 s’observa una disminucié dels nivells
del marcador d’inflamacié CRP, tant a nivell poblacional com desglossat en homes i
dones, després del consum de dosis moderades d’alcohol en comparacié amb els
abstemis i els bevedors excessius. Per tant, se’'n podria deduir que I'alcohol a dosis
moderades tindria un efecte antiinflamatori sobre la CRP amb una relacié en forma de
“U” entre el consum diari d’alcohol i marcadors d’inflamaci6. Mandrekar i col-laboradors
(2006) suggereixen que el consum moderat d’alcohol té un doble efecte antiinflamatori
consistent en un augment de la IL-10 (citosina antiinflamatdria) i una reduccié en la
resposta inflamatoria dels monocits induida per la inhibici6 del NF-kB. Aquests
resultats antiinflamatoris eren els esperats degut a que estudis in vitro previs d’aquests
autors (1999) ja s’hi observa una atenuacié de la induccié de TNF-a i IL-1 en mondcits
(citosines amb un paper clau per a la inflamacio) després d’una exposicié d’alcohol
aguda. Llavors, el conjunt de dades resultants suggereixen que el consum moderat
d’alcohol té un efecte antiinflamatori en el sistema cardiovascular (Imhof i Koening,
2003).
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CONSUM D’ALCOHOL DIARI
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Figura 7. Nivells de CRP d’individus segons la dosi diaria d’alcohol
(adaptacioé de Imhof et al., 2001).

Diversos estudis han analitzat els efectes del component alcohdlic i no alcohdlic de
les begudes alcohodliques sobre els marcadors d’inflamacié relacionats amb
I'arteriosclerosi. Aquests estudis evidencien que tant I'etanol com els compostos no
alcohdlics, principalment polifenols, poden induir canvis en I'expressié de molécules
d’adhesié i altres molécules relacionades en les cél-lules vasculars aixi com també
I'adhesié dels mondcits a I'endoteli vascular. Aquests canvis poden estar influenciats
tant per la dosi i duracié de I'exposici6 a l'alcohol com per el tipus de beguda
alcohdlica ingerida. Estudis in vitro realitzats en cél-lules endotelials humanes
demostren que una exposicid a dosis baixes d’etanol inhibeix I'expressié de la
quimiosina MCP-1 relacionada amb processos inflamatoris (Cullen et al., 2005).
Tanmateix, altres estudis in vitro han demostrat que alguns polifenols presents en el vi
negre (resveratrol, catequina, quercitina...) redueixen I'expressié d'ICAM-1 i VCAM-1
per regulacio negativa del NF-kB i I'adhesié de mondcits a I'endoteli (Ferrero et al.,
1998; Koga i Meydani, 2001). Aixi, doncs, en estudis in vitro no solament I'etanol siné
també els polifenols indueixen canvis en els parametres inflamatoris que intervenen en

I'arteriosclerosi.

Actualment, encara no se’n t¢ un coneixement nitid de I'efecte beneficios del
consum moderat d’alcohol sobre la resposta inflamatéria in vivo en humans.
L’explicacié més raonable seria que en aquests individus a més del consum d’alcohol

coexisteixen altres factors de confusi®6 com sén la dieta, I'exercici i factors de risc
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cardiovascular (hipertensié, dislipemia...), els quals per si mateixos poden alterar
'expressio i la funcionalitat de parametres inflamatoris com les molécules d’adhesio6.
Per aix0, és necessari fer estudis d’intervencié en individus sans on tots aquests
possibles factors de confusié que podrien interferir siguin controlats de manera que les
dades que s’obtinguin corresponguin Unicament a I'efecte produit pel consum d’alcohol
per si mateix. Membres del nostre grup d’investigacidé han publicat certs estudis en
individus sans on s’han controlat els factors de confusié i s’observa una disminucié tant
de I'expressi6 de parametres d’inflamacié (molécules d’adhesio, citosines, quimiosines,
fibrinogen i CRP) com de I'adhesié mondcit-endoteli després del consum moderat de vi
negre respecte la ingesta de ginebra alcohdliques (Estruch et al., 2004; Badia et al.,
2004). Aquests resultats estan en concordanga amb els assaigs clinics de Blanco-
Colio et al. (2000 i 2007) que mostren que individus sans amb un consum moderat de
vi negre, una beguda alcohdlica amb alt contingut polifendlic, inhibeix I'activacié del
factor de transcripcié NF-kB implicat en la regulacié de I'expressié de gens (molécules
adhesio, citosines i quimiosines) implicats en les respostes immune e inflamatoria
mentre que un consum moderat de ginebra amb baix contingut polifendlic no té efecte.
Llavors, aquesta immunomodulacié de la resposta inflamatoria de la paret vascular
sembla ser més intensa quan la beguda alcohodlica consumida conté un alt contingut
en polifenols (vi negre) respecte a una beguda amb baix contingut en polifenols

(ginebra).

En resum, la resposta inflamatdria de la paret vascular que participa en el
desenvolupament de [larteriosclerosi pot estar modulada pel consum d’alcohol
mitjangcant alteracions en I'expressié6 de parametres inflamatoris, principalment,
molécules d’adhesid, citosines, quimiosines i NF-kB. Si el consum d’alcohol és
moderat pot tenir un efecte antiinflamatori beneficios amb una reducci6 la resposta
inflamatoria en la paret vascular que atenuaria la formacié de la placa d’ateroma pero
si el consum és excessiu, llavors, 'alcohol té un efecte proinflamatori perjudicial amb
un increment de la resposta inflamatoria que podria derivar en una malaltia associada
a l'alcoholisme cronic com I'’hepatitis alcohdlica. Perd cal emfatitzar la necessitat
d’obtenir més evidéncies cientifiques mitjangant assaigs clinics d’intervencio per tal de
determinar si l'efecte antiinflamatori de les begudes alcoholiques és degut al
component alcohdlic o al component no alcoholic o bé a I'efecte sinérgic dels dos

components.
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5. CONSUM DE POLIFENOLS PROCEDENTS DE LA DIETA | PREVENCIO
D’ARTERIOSCLEROSI

5.1.Definicio i classificacio dels polifenols

El terme fenol o polifenol fa referéncia als compostos que posseeixen un anell
aromatic benzeénic substituit amb un o varis grups hidroxil (-OH) i una cadena lateral

funcional (-R) presents en vegetals (Figura 8).

OH

Figura 8. Estructura basica dels compostos fendlics.

Existeix una amplia varietat de polifenols pero, principalment, els polifenols de la
dieta es subdivideixen en dues families: flavonoides i no flavonoides (Figura 9) que

diferiran en el nombre de grups hidroxil que posseeixi I'estructura quimica.

POLIFENOLS

[ no FLAVONOIDES ] | FLAVONOIDES )

ESTILBENS FLAVONES
ACIDS FENOLICS FLAVONOLS
ACIDS
HIDROXIBENZOICS —| FLAVANOLS

AcCIDS
HIDROXICINAMICS
PROANTOCIANIDINES o
TANINS CONDENSATS

ANTOCIANINES

ISOFLAVONES

FLAVANONES

Figura 9. Diagrama general dels polifenols més freqlients en la dieta.

54



Introducci6

Els flavonoides correspon a la familia de polifenols amb més abundancia en
aliments de la dieta, sobretot, aquells inclosos dins la dieta Mediterrania. Els
flavonoides sén pigments amb una gamma de colors que compren des del blanc fins al
vermell incloent el morat i el blau. Principalment, els flavonoides és divideixen en 6
subgrups segons el grau d’oxidacié de I'anell benzénic: flavones, flavonols, flavanols,
antocianines, isoflavones i flavanones (Manach et al., 2004) (Fig. 10). Se’n destaca
una major preséncia en begudes i fruites com el vi, te, café, sucs de fruites i fruites
vermelles (maduixa, cirera, mora...) i cacau. Dels diferents subgrups destaquen,
sobretot, els flavanols o flavan-3-ols que es divideixen en mondmers, (-)-epicatequina i
(+)-catequina, i en oligdbmers que s6n combinacions d’aquests mondmers anomenats
procianidines. Aixi, doncs, aquests flavanols tant mondmers com oligdmers que se’n
deriven son un potencial benefici per a la salut. Un nombre de diferents aliments i
begudes poden contribuir a les necessitats dietétiques humanes en quan a contingut
en flavanols, inclosos la xocolata, el cacau, el té, el raim, pomes, fruits secs i vi negre.

A més, les antocianines o antocians sén pigments responsables de la coloracio

FLAVONOIDES

morada tipica del raim negre.

1 1 1
[ FLAVONES ] |[ ANTOCIANINES] [FLAVONOLS] FLAVANOLS
Apigenina Cianidina Kanferol
Luteolina Delfinidina Quercitina [ MONOMERS ] rPROANTOCIANIDINES °
7-O-glucosids derivats Peonidina Miricetina TANINS CONDENSATS
Petunidina Isoramnetina \
Malvidina 3-O-glicosids derivats I
. N\
Catequina Procianidines
Galocatequina l Prodelfinidines I
Epicatequina

Epigalocatequina

[ ISOFLAVONES ] [ FLAVANONES ]

Genisteina

Hesperitina
Naringerina
Eriodictiol

Figura 10. Diagrama dels flavonoides.
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Els principals polifenols no flavonoides fan referéncia als acids fendlics i els

estilbens (Fig. 11).
NO FLAVONOIDES

[ |
[ ACIDS FENOLICS ] [ ESTILBENS ]

Resveratrol-trans

R R Resveratrol-3-O-glucosid-trans
ACIDS ACIDS N Resveratrol-2-C-glucosid-trans
HIDROXIBENZOICS HIDROXICINAMICS Astringina-trans
Estilbens dimeérics
p-Hidroxibenzoic P -gu;n.arlc
Protocatéquic Fear:IIi(::
Vainillinic N
Gal-lic SR
Siringic SR
Salicilic
Gentisic

Figura 11. Diagrama dels no flavonoides.

5.2. Aliments rics en polifenols

Hi han molts productes alimentaris rics en polifenols on destaquen el vi, cacau, te,
ceba, fruits secs, oli d'oliva. En aquesta tesi es fara émfasi en els efectes dels
polifenols derivats del consum de vi i solubles de cacau. La Taula 9 mostra la

concentracié de polifenols totals de les begudes i solubles de cacau usats en la tesi.

Beguda o aliment  Polifenols totals

Vi negre 1945"

Vi blanc 308"
Vi escumods o cava 202"

Ginebra ~0
Solubles de Cacau 11,52

Taula 9. Contingut polifenolic de les begudes alcoholiques i solubles de cacau usats
en els diversos protocols. 'Unitats expressades en mg acid gallic/L;

2Unitats expressades en mg catequina/g cacau.
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5.2.1. Vi: origen i contingut polifenolic

El vi és una beguda elaborada a partir de la fermentaci6 alcohdlica del suc o most
del raim (Vitis vinifera). Modificacions en la fermentacidé deriven en variacions en la

composici6 del vi, conseqlientment, s’obtenen diferents tipus de vi:

» Vinegre, s’elabora majoritariament a partir de raim negre. Com que la coloraci6
ve donada per la pellofa, cal realitzar una fermentacié prévia del most

conjuntament amb la pellofa abans de ser processat.

» Vi blanc, s’elabora tant amb raim blanc com negre. A diferéncia de la fabricacio
del vi negre, el vi blanc no pateix una fermentacio prévia siné que es processat

directament separant la pellofa del most per evitar-ne la coloracio.

» Vi blanc escumds on a Espanya es denomina cava procedent de vinyes del
Penedés situades a Catalunya. El procediment d’elaboracio6 és el mateix que el
del vi blanc perd6 amb una segona fermentacid addicional en ampolla on

s’allibera anhidrid carbdnic o gas que caracteritza el cava.

En referéncia a la composicié de polifenols, no existeix una unica xifra que englobi
a totes les varietats de vi degut a que la composicié exacta de polifenols del vi esta
condicionada per multiples factors: clima, varietat de raim, temps de fermentacié, etc
(Singleton i Trousdale, 1983). El raim del qual s’origina el vi conté, en esséncia,
polifenols no flavonoides en la polpa i polifenols flavonoides en la pellofa i llavor. Per
tant, depenent de si la pellofa i la llavor del raim es fermenten o no, hi haura preséncia

0 abséncia de polifenols tipus flavonoides tenint vi negre o vi blanc, respectivament.

En el vi blanc i cava els polifenols predominants sén la familia dels no flavonoides
com el resveratrol i I'acid caftaric. En canvi, el vi negre tot i tenir certs polifenols no
flavonoides com el resveratrol i I'acid gal-lic es composa, basicament, de flavonoides
amb flavonols (quercitines), flavanols (catequina, epicatequina i proantocianidines o
tanins condensats) i d’antocianines que representen una font important de polifenols
procedents de la fermentacié de la pellofa i llavors del raim (Ibern-Gomez et al., 2002).
Per tant, el vi negre conté un nivell alt en polifenols respecte el vi blanc o cava que es
considera un contingut polifendlic intermig degut a la preséncia de polifenols tipus
flavonoides en el vi negre (Taula 10). En quan a les begudes destil-lades com la

ginebra el seu contingut seria al voltant de zero.
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Beguda alcohodlica Polifenols
Vi Blanc/Cava 143-350
Ginebra ~0

Taula 10. Contingut de compostos polifendlics
de certes begudes alcohdliques.

5.2.2. Cacau: origen i contingut polifenolic

El cacau (Theobroma cacao) son les llavors grasses, seques i parcialment
fermentades del cacauer, arbre tropical natiu del sud-est de Méxic. Els solubles de
cacau és la pols seca que s’obté molent els grans i extraient-ne, total o parcialment, el

greix o mantega de cacau.

El cacau i tots els derivats representen una font dietética enriquida en polifenols,
essencialment flavonoides, fins i tot major que el te o el vi negre segons Lee et al.
(2003). En els solubles de cacau, els flavonoides més abundants sén els flavanols
catequina, epicatequina i els polimers derivats d’aquests mondmers anomenats
procianidines com la B2 (Wollgast and Anklam, 2000; Hammerstone et al., 1999). No
obstant, els flavonols (quercitina i isoquercitina) i flavones tot i tenir una menor
presencia també tenen una aportacié destacable per al benefici de la salut (Andrés-
Lacueva et al., 2000; Lamuela-Raventos et al., 2001; Sanchez-Rabaneda et al., 2003).
Perd cal recalcar que el contingut exacte de flavonoides del cacau, al igual que passa
amb el vi, és molt dificil d’establir perqué depén de mudltiples factors: geografia, clima,

procés d’elaboraci6, etc (Manach et al., 2004).

Enquestes realitzades a Europa confirmen un increment en el consum de cacau on
el 58% de la poblacié el consumeix en forma de xocolata amb llet seguit d’'un 43% que
el consumeix en forma de xocolata negre (Callebaut, 2000). Espanya és un dels
paisos amb major consum de cacau i es situa en primera posicié en referéncia al
consum popular de cacau soluble dissolt en llet. Aixd explica la gran repercussio que
tenen per a la poblacié espanyola I‘estudi dels possibles beneficis cardioprotectors

dels solubles del cacau.
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5.3.Polifenols i arteriosclerosi: efectes beneficiosos descrits

En els darrers anys, s’ha generat un gran interés en l'estudi dels polifenols de la
dieta degut a seves propietats antioxidants, antimutagéniques, anticarcinogeniques i
antiinflamatories exercint un possible efecte beneficids en la prevencié de diverses

patologies com CVD, malalties neurodegeneratives i cancer (Scalbert et al., 2005).

Cada vegada existeixen més evidéncies que, globalment, els polifenols exerceixen
un efecte protector sobre el sistema cardiovascular i redueixen el risc de patir CVD
com l'arteriosclerosi (Curin i Andriantsitohaina, 2005; Vita, 2005; Zern i Fernandez,
2005). Una amplia gamma d’estudis epidemioldgics avalen I'existéncia d’'una correlacio
negativa entre el consum d’aliments rics en polifenols (com el te, el vi i el cacau) i la
incidéncia de CVD (Renaud i de Lorgeril, 1992; Nakachi et al., 2000; Osakabe et al.,
2000; Rein et al., 2000; Sazazuki et al., 2000; Sesso et al., 2003; Arts i Holiman, 2005).

Cal destacar els estudis relacionats amb el consum de polifenols presents en
begudes alcoholiques com el vi negre on individus amb un consum moderat de vi
negre tenen un risc cardiovascular inferior respecte els abstemis. Part d’aquest efecte
cardioprotector és atribuible a I'etanol per si mateix (veure Apartat 4) pero, a més, el vi
negre té un efecte beneficiés addicional atribuible als polifenols que hi conté (Di
Castelnuovo et al., 2002; Klatsky et al., 2003). Aixi, doncs, el consum d’aliments rics
en polifenols podria tenir efectes relacionats amb una protecci6 efectiva sobre la salut,
particularment en la prevencié de l'arteriosclerosi. En aquest sentit, en diferents
estudis epidemioldgics (evidéncies cliniques tant in vifro com en humans) s’ha vist una
correlacio estadisticament significativa entre el consum de flavonoides i reduccié de
mortalitat per cardiopatia isquémica (Hertog et al.,, 1993, Knekt et al.,, 1996), pero
encara existeixen dubtes sobre les bases cientifiques responsables d’aquest benefici

potencial per a la salut.

En resum, hi han moltes evidéncies epidemioldgiques dels possibles beneficis dels
polifenols procedents de la dieta per a la salut cardiovascular pero cal realitzar estudis
prospectius i controlats en humans, com els realitzats en la present Tesi Doctoral, per

reafirmar les dades obtingudes en aquests estudis epidemiologics.
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5.4.Mecanismes fisiopatologics dels polifenols en la prevencié de

I’arteriosclerosi

En estudis recents s’ha fet émfasi en la descripcié dels mecanismes d’accié dels
polifenols implicats en la prevencié de larteriosclerosi, els quals estan relacionats
principalment amb un efecte antioxidant, millora de la funci6 endotelial, efecte

antiplaquetari, efecte antitrombatic i efecte antiinflamatori detallats a continuacié.

5.4.1. Polifenols i estrés oxidatiu

Els polifenols sén compostos fitoquimics que tenen propietats d’antioxidants
naturals perqué bloquegen e inactiven radicals lliures, s’associen amb les LDL evitant
la formacié de LDLox i regulen el NO. Per tant, els polifenols eviten processos
d’oxidacio relacionats amb estrés oxidatiu i contribuir aixi en I'efecte protector enfront
CVD. Nombrosos estudis avalen aquest efecte antioxidant dels polifenols, sobretot, en
relacid6 amb els flavonoides (Osakabe et al., 2000; Nijveldt et al., 2001; Higdon i Frei,
2003).

5.4.2. Polifenols i funcié endotelial

Diversos estudis han demostrat que les begudes que contenen flavonoides com el

te, derivats del raim i cacau tenen un efecte beneficidos sobre la funcié endotelial:

> Duffy i col-laboradors (2001) van observar que el consum a curt i llarg termini
de te (ric en polifenols com les catequines i les quercitines) millorava la funcié

endotelial en pacients amb CAD.

» Chou et al (2001) van observar que el consum de suc de raim s’associava,

també, a una millora de la funcié en pacients amb CHD.

» Hodgson et al (2002) van demostrar que el consum diari de te negre durant 5

setmanes millorava la dilatacio arterial i, per tant, millorava la funcié endotelial.

» Heiss et al (2003) van observar una millora de la funcié endotelial per
increment de la dilataci6 en pacients amb risc cardiovascular després del

consum de cacau ric en flavanols.
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» Augment en l'activitat del NO i ,consequentment I'endoteli, vascular es relaxa i
la pressio sanguinia disminueix en consumir flavonoides del cacau (Taubert et
al., 2003; Sies et al., 2005).

5.4.3. Polifenols, funcié plaquetar i trombosis

Un altre efecte cardioprotector dels polifenols consistiria en reduir I'activitat
plaguetar mitjancant la inhibicié de I'agregacio plaquetaria. Diversos estudis demostren
que els flavonoides presents en begudes (te i derivats del raim) i cacau inhibeixen la
funcié plaquetar (Rein et al., 2000; Duffy et al., 2001; Freedman et al., 2001; Hodgson
et al., 2001; Murphy et al., 2003). També existeixen estudis que demostren un efecte

antitrombotic dels polifenols del vi negre (de Gaetano et al., 2002).

5.4.4. Polifenols i resposta inflamatoria

Arrel de la importancia del protagonisme del procés inflamatori en I'arteriosclerosi
(Libby et al., 2002), han augmentat les evidéncies d’estudis referents al possible efecte
antiinflamatori dels compostos polifendlics. Principalment, destaquen els segients

estudis:

> El resveratrol, un polifenol present en raim i vi, inhibeix in vitro tant I'expressié
de moléecules d’adhesié com I'adhesié dels mondcits a I'endoteli (Carluccio et
al., 2003).

» Disminucié de marcadors d’'inflamacié (molécules d’adhesio, citosines i hsCRP)
i de 'adhesié de mondcits humans a una linia endotelial estimulada amb TNF-a
després del consum de vi negre ric en polifenols en homes sans (Estruch et al.,
2004; Badia et al., 2004).

» S’ha establert els efectes dels compostos polifendlics (vi negre, oli d’oliva...)
sobre la inactivacié del NF-kB (Blanco-Colio et al., 2000 i 2007; Surh et al.,
2001; Carluccio et al., 2003), per tant, aquesta série d’estudis suggereixen que
els efectes antiinflamatoris dels polifenols s6n conseqiiéncia de la supressio de
I'activacié del modulador transcripcional NF-kB, el qual de retruc disminueix la
producci®6 de molécules d’adhesié i citosines implicades en el procés

inflamatori.
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» Els polifenols procedents del raim tenen efectes beneficiosos sobre la
inflamacié a nivell de citosines (TNF-a i IL-6) en dones pre- i post-

menopausiques (Zern et al., 2005).

Actualment, és molt important la identificaci6 de biomarcadors d’inflamacio
relacionats amb I'arteriosclerosi i, conseqientment, ha crescut l'interés en estudiar una
nova linia d’investigacié relacionada amb la determinacié del nivell d’afectacio
d’'aquests biomarcadors d’inflamacié en consumir aliments amb contingut polifendlic.
En la present Tesi Doctoral s’estudia el possible efecte inhibidor dels polifenols
presents en vi negre, vi blanc, cava i cacau sobre els biomarcadors d’inflamacié que
participen en la formaci6 de la placa d’ateroma. Per tant, investigar el possible efecte
cardioprotector i preventiu dels polifenols de la dieta sobre la resposta inflamatoria de

la paret vascular que evitaria o enlentiria I'aparicio i progressié de I'arteriosclerosi.
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Hipotesis

HIPOTESI GENERAL

Nombrosos estudis epidemioldgics han suggerit que una dieta rica en polifenols es
beneficiosa per a la salut en reduir la incidéncia de cancer, arteriosclerosi i malalties
degeneratives. Aquest efecte saludable dels polifenols podria ser atribuible a diversos
mecanismes relacionats amb una propietat antioxidant, vasomotora i antiinflamatoria

d’aquestes molécules.

Components de la dieta rics en polifenols com les begudes alcoholiques (vi i cava)
o aliments (cacau) poden alterar la resposta inflamatoria com ara les molécules
d’adhesio, citosines, etc., implicades en el desenvolupament de l'arteriosclerosi. En
consequéncia, se’n derivara un efecte antiinflamatori en la paret vascular interferint en
les interaccions leucocit-endoteli. Aquest efecte antiinflamatori esdevindra més o

menys intens depenent de la quantitat de polifenols consumits en la dieta.

HIPOTESIS CONCRETES

1. El consum moderat de begudes alcoholiques (20g/dia) amb un contingut
polifenodlic elevat (vi negre) o moderat (vi blanc) en dones feértils i sanes amb
baix risc cardiovascular s’associara amb una reduccid6 en les molécules
d’adhesié (limfocitaries, monocitaries i endotelials), citosines i altres marcadors

d’inflamacié que participen en la formacié de la placa d’ateroma.

2. Les alteracions fenotipiques descrites s’associaran a defectes funcionals
manifestant-se com una reduccié en I'adhesié6 mondcit-endoteli després del
consum moderat de beguda alcohodlica amb polifenols. Probablement, I'efecte
sera més intens després de consumir la beguda alcoholica amb major contingut

polifendlic, és a dir, el vi negre.

3. El consum moderat de begudes alcoholiques (30g/dia) amb contingut
polifendlic mig (cava) o sense (ginebra) en homes sans amb baix risc
cardiovascular es correlacionara amb una reducci® en els marcadors
d’'inflamacié com les molécules d’adhesio6 i les citosines que participen en la
formacié de la placa d’ateroma. El cava, probablement, exercira un major

efecte respecte a la ginebra degut a la preséncia de polifenols en el cava.
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4. El consum agut de solubles de cacau (40g), un aliment ric en polifenols, en
individus sans amb baix risc cardiovascular reduira I'activacié del factor de
transcripci6 NF-xB i, conseqlientment, els nivells de molécules d’adhesio
solubles que participen en la formacié de la placa d’ateroma. Probablement,
podra haver diferéncies entre els efectes quan els solubles de cacau es

consumeixen diluits en aigua o llet.
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Objectius

OBJECTIUS GENERALS

L’arteriosclerosi és una malaltia inflamatoria de baixa intensitat, la present Tesi
Doctoral t&¢ com a objectiu estudiar la capacitat dels compostos polifendlics procedents
de la dieta en la modulacié dels mecanismes inflamatoris implicats en la formaci6 de la
placa d’ateroma. Amb aquesta finalitat, s’han seleccionat individus sans amb baix risc
vascular per sotmetre’ls a una intervenci6 amb productes naturals que contenen
polifenols (vi negre, vi blanc, cava o solubles de cacau) per veure el seu efecte en els
biomarcadors inflamatoris predictius d’arteriosclerosi en els quals la dieta i exercici

estan controlats.

OBJECTIUS CONCRETS

1. Analitzar I'efecte del consum moderat de 20g d’alcohol al dia durant un periode
de 4 setmanes en forma de vi negre o vi blanc sobre els marcadors d’inflamacio
que participen en la interaccié leucocits-endoteli en dones fertils, sanes i amb

baix risc cardiovascular. En concret s’analitzara:

> L'expressié de molécules d’adhesié (LFA-1, VLA-4 i SLe™) i CD40 en la

superficie de limfocits T circulants.

» L'expressi6 de molécules d’adhesio (LFA-1, VLA-4, Mac-1 i SLex),

MCP-1 i CD40 en la superficie de monocits circulants.

» La concentracié6 de molécules d’adhesioé endotelials solubles (ICAM-1,
VCAM-1, P-selectina, E-selectina), citosines proinflamatories (IL-6) i

altres parametres d’inflamaci6 (hsCRP i CD40L).

» Determinar la capacitat d’adhesié de mondcits humans, extrets abans i
després del consum moderat de vi negre i blanc, sobre una monocapa

de EC (Ea.hy926) en situacié basal i sota estimulacié amb TNF-a..
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2. Analitzar I'efecte del consum moderat de 30g d’alcohol al dia durant un periode
de 4 setmanes en forma de cava o ginebra sobre els marcadors d’inflamacio
que participen en la interaccié leucocits-endoteli en homes sans i amb baix risc

cardiovascular. En concret s’analitzara:

> L’expressié de molécules d’adhesié (LFA-1, VLA-4 i SLeX) i CD40 en la

superficie de limfocits T circulants.

> L'expressi6 de molécules d’adhesié (LFA-1, VLA-4, Mac-1 i SLe¥) i

CD40 en la superficie de monocits circulants.

» La concentracié6 de molécules d’adhesioé endotelials solubles (ICAM-1,
VCAM-1, P-selectina, E-selectina), citosines (IL-6, TNF-a), quimiosines
(MCP-1) i altres parametres d’inflamacié (hsCRP i CD40L).

3. Analitzar I'efecte del consum agut de 40g de solubles de cacau diluits en aigua
o llet en individus amb baix risc cardiovascular sobre:

» L’activacio del factor de transcripcié NF-kB.

» La concentraci6 de molécules d’adhesio endotelials solubles: ICAM-1,

VCAM-1 i E-selectina regulades per NF-«xB.
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Down-regulation of adhesion molecules and other inflammatory
biomarkers after moderate wine consumption in healthy women:

a randomized trial' 2

Emilio Sacanella, Monica Vazquez-Agell, Mari Pau Mena, Emilia Antiinez, Joaquim Ferndndez-Sold,
José Maria Nicolds, Rosa M Lamuela-Raventos, Emilio Ros, and Ramon Estruch

ABSTRACT

Background: Moderate alcohol consumption is cardioprotective.
The mechanism for this beneficial effect might be reduced inflam-
matory responses, as suggested by prospective studies and small
clinical trials in men. No studies have evaluated the antiinflamma-
tory effects of wine in women.

Objective: We investigated whether low-dose intake of white and
red wines has differential effects on inflammatory markers in
women.

Design: In a crossover study, we randomly assigned 35 healthy
women to two 4-wk periods of 20 g ethanol/d as white or red wine,
preceded by two 4-wk washout periods. Before and after interven-
tions, we measured serum lipids, circulating inflammatory biomark-
ers, cellular adhesion molecules (CAMs), and adhesion of mono-
cytes to stimulated endothelial cells.

Results: HDL cholesterol increased, and the serum concentrations
of high-sensitivity C-reactive protein, intercellular adhesion
molecule-1,CD40L, and interleukin-6 decreased after either wine (P
< 0.01, all). Vascular CAM-1 and E-selectin decreased (P < 0.01)
only after red wine. CAM expression by mononuclear cells was
blunted after either wine, with a greater suppressant effect of red
wine. Enhanced adhesion of monocytes to stimulated endothelial
cells was reduced by 51% (95% CI: —57%, —45%) after white wine
and by 89% (95% CI: —96%, —82%) after red wine (P = 0.01 for
between-wine differences).

Conclusions: Moderate wine consumption is associated with ben-
eficial effects on various inflammatory pathways related to endo-
thelial activation in women. Probably because of its higher polyphe-
nol content, red wine shows superior antiinflammatory effects than
does white wine. Reducing low-grade inflammation and endothelial
activation may be another potential mechanism by which alcoholic
beverages exert their cardioprotective effect. Am J Clin Nutr
2007;86:1463-9.

KEY WORDS Inflammatory biomarkers, endothelium, adhe-
sion molecules, wine, polyphenols

INTRODUCTION

The protective effect of moderate alcohol consumption
against ischemic heart disease (IHD) has been established in
many epidemiologic studies (1-5). Because only one-half of this
protective effect may be attributed to the increase in serum HDL

Am J Clin Nutr 2007;86:1463-9. Printed in USA. © 2007 American Society for Nutrition

cholesterol observed in moderate alcohol drinkers (3), mecha-
nisms other than lipid effects may be involved in the association
between moderate alcohol consumption and reduced IHD rates
(2,6, 7). The atherosclerotic process underlying IHD is currently
considered an inflammatory disease (8). Findings from large
cohort studies suggest that moderate alcohol consumption is
associated with a reduction in serum inflammatory biomarkers
(7,9-12). In addition, clinical trials in men have shown a reduc-
tion of both circulating markers of inflammation and monocyte
adhesion to endothelial cells after daily intake of 30 g alcohol as
red wine (13, 14). It is unknown, however, whether in women
doses of alcohol lower than those considered safe in men taken as
wine are sufficient to elicit antiinflammatory effects similar to
those observed in men. Therefore, we performed a randomized
crossover study in women to evaluate the effects of moderate
consumption (20 g alcohol/d) of 2 alcoholic beverages with high
(red wine) or low (white wine) polyphenol content, respectively,
on inflammatory markers associated with endothelial dysfunc-
tion and on monocyte adhesion to endothelial cells.

SUBJECTS AND METHODS

Subjects

Thirty-six healthy female employees of our institution who
reported an average daily ethanol intake ranging from 10to 20 g
during the past 5 y were recruited into a protocol approved by the
institutional review board and gave informed consent. Eligibility
criteria were age of 20-50 y; absence of family history of pre-
mature [HD; no tobacco smoking, hypertension, or diabetes mel-
litus; LDL cholesterol <160 mg/dL; and HDL cholesterol >35
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TABLE 1
Characteristics of study group’
Value
Age (y) 38.0£8.5
Body weight (kg) 63.3 £9.9
BMI (kg/m?) 239438
Systolic blood pressure (mm Hg) 104.2 £ 12.0
Diastolic blood pressure (mm Hg) 712%£52
Glucose (mg/dL) 85.1 7.1
Lipids (mg/dL)
Total cholesterol 2113 £37.7
HDL cholesterol 52.7£ 10
LDL cholesterol 128.5 £ 329
Triacylglycerols 74.8 £43.9
Serum biomarkers
hsCRP (mg/L) 1.88 = 1.43
Interleukin-6 (pg/mL) 3.85 £ 3.06
VCAM-1 (ng/mL) 1146 £ 288
ICAM-1 (ng/mL) 405 + 271
E-selectin (ng/mL) 241 £ 214
P-selectin (ng/mL) 386 + 138
CD40L (ng/mL) 46.5 £20.3

" All values are ¥ + SD. n = 35. hsCRP, high-sensitivity C-reactive
protein; VCAM-1, soluble vascular cell adhesion molecule 1; ICAM-1, sol-
uble intercellular adhesion molecule 1.

mg/dL. None of the women was taking oral contraceptives, med-
ication of any sort, or vitamin supplements. The reported prior
intake of alcohol was 7.8 + 6.3 g/d during a period of 16 + 12y.
Participants received free wine but no monetary compensation.
The baseline characteristics of the participants are shown in
Table 1.

Study design

The study was an open, randomized crossover trial. To equil-
ibrate hormonal influences on adhesion molecules, all biological
measurements were performed on the first day of the menstrual
cycle. The study design included a 4-wk run-in period (coincid-
ing with the menstrual cycle) during which all subjects abstained
from alcohol and consumed a prescribed Mediterranean-type
diet with average energy intake as 20% protein, 47% carbohy-
drate, and 33% fat (8% saturated fatty acids, 20% monounsatu-
rated fatty acids, and 5% polyunsaturated fatty acids). After this
period, participants were individually randomly assigned in a
crossover design between 2 isocaloric diet sequences for 4-wk
periods, containing either red wine or white wine. Between the
first and second wine sequence, there was a 4-wk washout period
with alcohol abstention. All subjects received daily doses of 20 g
ethanol as red wine or white wine (1 glass of 100 mL at lunch and
at dinner). Dietary habits and physical activity were monitored
before and at the end of each intervention treatment, when body
weight and blood pressure were measured and blood and urine
samples were collected.

Wine polyphenol content

Red and white wines were obtained from Tempranillo and
Xarello grapes, with an alcoholic strength of 13.5% and 13%,
respectively. The selection of wines was based on the wine’s
polyphenol content, which was determined by HPLC as de-
scribed (15). The total polyphenol, resveratrol, and anthocyanin
contents of red wine were 1945 mg/L, 12.8 mg/L and 164.85

SACANELLA ET AL

mg/L, respectively. White wine provided 308 mg/L polyphenols
and 1.3 mg/L resveratrol, and anthocyanin was below detection
limits.

Diet and exercise monitoring

The background diets were designed according to the subject’s
personal preferences. Consumption of dispensable foods rich in
polyphenols or other potent antioxidants, such as onions, virgin
olive oil, and green and black tea, was discouraged. Other foods
with a high content in polyphenols, ascorbic acid, a-tocopherol,
or [B-carotene, such as cocoa, chocolate, orange and tomato
juices, nuts, some fruit (oranges, lemons, strawberries, grapes,
melon, apples, and apricots), some vegetables (spinach, turnips,
carrots, parsley, peppers, garlic, and tomatoes), and soybean
products were restricted. Natural foods rich in antioxidants, es-
pecially fruit and vegetables, were controlled so that individual
diets had similar antioxidant content throughout the study.

Diet compliance was assessed from 3-d diet records adminis-
tered by the same trained physician before and after each inter-
vention (2 washout periods and 2 intervention treatments). These
questionnaires were previously validated in our population (16).
Foods were converted to nutrients by using the PROFES-
SIONAL DIET BALANCER software (Cardinal Health Sys-
tems Inc, Edina, MN). Physical activity was monitored with the
Minnesota Leisure Time Physical Activity Questionnaire, which
has also been validated in Spain (17). At the end of the study, a
clinician assessed any adverse effects from the interventions by
administering a checklist of symptoms, including bloating, full-
ness, or indigestion; altered bowel habit; dizziness; and other
symptoms possibly associated with wine intake.

Laboratory measurements

Fasting blood samples and a spot urine specimen were ob-
tained at the end of each 4-wk period (run-in, first wine, washout,
and second wine). Blood lipid measurements and immunophe-
notyping of peripheral blood mononuclear cells (PBMCs) were
performed immediately. Serum and EDTA-plasma samples
were stored at —80 °C for analysis of inflammatory and cell
adhesion molecules at the end of the study. Cholesterol and
triacylglycerols were measured with the use of enzymatic pro-
cedures. HDL cholesterol was quantified after precipitation with
phosphotungstic acid and magnesium chloride. Analyses deter-
mined by subject in frozen samples of whole serum or plasma as
appropriate were homocysteine by fluorescence polarization im-
munoassay; high-sensitivity C-reactive protein (hsCRP) by
particle-enhanced immunonephelometry; and interleukin-6, in-
tercellular adhesion molecule-1 (ICAM-1), vascular cell adhe-
sion molecule-1 (VCAM-1), E-selectin, P-selectin, and CD40L
by standard enzyme-linked immunoabsorbent assay (Bender
MedSystems, Vienna, Austria). Intraassay and interassay CVs
for hsCRP, interleukin-6, ICAM-1, VCAM-1, E-selectin,
P-selectin, and CD40L ranged from 1.8% to 5.4% and 0.9% to
9.9%, respectively.

All analyses were done in duplicate. As a measure of inter-
vention compliance, urinary resveratrol metabolites and antho-
cyanins were measured by HPLC before and after each interven-
tion, as previously reported (18, 19).
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FIGURE 1. Changes from baseline in circulating adhesion and inflam-
matory molecules after intake of white wine (L]) and red wine (H) in healthy
women (n = 35). Error bars are 95% Cls. hsCRP, high-sensitivity C-reactive
protein; IL-6, interleukin-6; VCAM-1, vascular cell adhesion molecule-1;
ICAM-1, intercellular adhesion molecule-1. *Significant differences (P <
0.007) between effects of white wine and red wine by repeated-measures
ANOVA.

PBMC immunophenotyping

PBMCs were obtained from whole blood by the Ficoll-
Hypaque (Pharmacia, Uppsala, Sweden) method (20). To mea-
sure PBMC expression of cell adhesion molecules (CAMs), a
double direct immunofluorescence test was performed with
commercial fluorochrome-conjugated monoclonal antibodies.
Data analyses were performed with a FACScan Clinical Cytom-
eter (Becton Dickinson, San Jose, CA) with the use of
CELLQUEST software (version 7.5.3; Becton Dickinson,
Aoust, Belgium). The following CAMs were measured: very late
activation antigen-4 (VLA-4; anti-CD49d; Clone 44H6; Cytog-
mos, Barcelona, Spain), lymphocyte function-associated
antigen-1 (anti-CD11a; (Clone R7.1; Bender MedSystems),
aMB2 (Mac-1; anti-CD11b; Clone LM2/1; Bender MedSys-
tems), and Syalil-Lewis X (anti-CD15s, Clone CSLEx1; BD
Biosciences, San Jose, CA).

We also measured the expression of monocyte chemoattrac-
tant protein-1 (Pharmingen, San Diego, CA,) and CD40 on the
cell surface. Monocytes and T lymphocytes were identified with
the use of anti-CD14 and anti-CD2 monoclonal antibodies
(Caltag Laboratories, Burlingame, CA), respectively.

Monocyte-endothelium adhesion assay

After obtaining a suspension of PBMCs with the Ficoll-
Hypaque method, cells were labeled with microbeads (monoclo-
nal antibodies bound to magnetic particles) and were submitted
to a magnetic field, which resulted in the isolation of an enriched
monocyte population (>95% CD14™ cells, as assessed by flow
cytometry). Cell viability was determined by the Trypan blue dye
exclusion test (Sigma-Aldrich, Irvine, CA). The endothelial cell
line used was Ea.hy926, which is a fusion product between the
human umbilical vein endothelial cell line and the epithelial cell
line A549, and was processed as previously reported (14). En-
dothelial Ea.hy926 cell monolayers were grown to confluence in
96-well tissue culture plates (Nunc, Roskilde, Denmark). The
endothelium adhesion assay was performed under nonstimulated
and stimulated conditions [human recombinant tumor necrosis
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factor-a (TNF-a) 10 ng/mL]. We added 1.5 X 10° human mono-
cytes/well (30 min at 37 °C) to allow the adhesion. After that,
nonadherent cells were removed by aspiration, and the wells
were washed. Adherent cells were fixed and stained with 0.2%
crystal violet in 20% methanol in phosphate-buffered saline for
20 min and were washed repeatedly with distilled water. After
solubilization with 1% sodium dodecyl sulfate, adhesion was
measured in units of absorbance with a spectrophotometer at a
wavelength of 600 nm (Multiskan RC ThermoLabsystems, Hel-
sinki, Finland). The adhesion assay, for each subject and condi-
tion, was performed in quadruplicate.

Statistical analyses

For a crossover design, statistical power calculations indicated
that to detect mean differences of 10 mean fluorescence intensity
in VLA-4 in monocytes with a conservative SD of 10 mean
fluorescence intensity (13), 32 subjects per group would need to
complete the study (a risk = 0.05; power = 0.8). Although the
VLA-4 adhesion molecule measurement was used to set sample
size, changes in all endpoints were of equal interest in this study.
Descriptive statistics with means and SDs were used for the
baseline characteristics of the participants. Values with a skewed
distribution (hsCRP, VCAM-1, ICAM-1, and interleukin-6)
were transformed to their In for analyses. Changes in clinical
outcomes were assessed with repeated-measures analysis of
variance with 3 factors: wine (red wine compared with white
wine), time (before compared with after intervention), and wine
sequence. Treatment (wine) and time were factors with repeated
measures. No carryover effect between wine treatments (period
sequence) was found for any variable. Therefore, final analyses
were performed with repeated-measures analysis of variance for
the 2 factors wine and time and their interactions. Within- and
between-group differences are expressed as means and 95% Cls.
All statistical tests were 2-tailed, and the significance level was
0.05. Analyses were performed with the use of SPSS, version
11.0 (SPSS Inc, Chicago, IL).

RESULTS

Patient characteristics and diets

Of the 36 participants randomly assigned to intervention, 35
completed all study periods. One woman withdrew before com-
pleting the 2 phases of the study. Her baseline characteristics
were similar to those of the overall group. The women who
finished the trial had a mean age of 38 y (range: 23-50 y).
Seventeen participants consumed first red wine for 4 wk and after
the washout period switched to white wine for the ensuing 4 wk,
whereas 18 subjects followed the same interventions in reverse
order.

According to participants’ reports and recounts of empty bot-
tles, compliance with intake of both red and white wines was
100%. As an objective measure of intervention compliance, res-
veratrol metabolites were measured in urine. As expected, urine
concentration of total resveratrol metabolites (cis- and trans-
resveratrol glucoronides) increased from 51.2 + 30.3t0262.7 £
76.4 nmol/g (mean change: 211.0 nmol/g; 95% CI: 168.1,253.9;
P = 0.001) at the end of the white wine period compared with its
correspondent washout period. In addition, a significant increase
from 49.5 * 35.0 to 604.0 £ 425.6 nmol/g (mean change: 554.5
nmol/g; 95% CI: 229.1, 879.9; P = 0.005) was also observed in
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TABLE 2
Mean fluorescence intensity of adhesion molecule and chemokine expression on T lymphocytes and monocytes before and after each intervention’
Before intervention After intervention P for P for P for
(n = 35) (n = 35) Differences® treatment® time* interaction’
Lymphocytes
LFA-1
White wine 126.4 + 35.6° 1229 £ 31.2 —3.4(—14.9,8.1) 0.514 0.457 0.900
Red wine 131.2 £33.6 129.8 £ 37.5 —14(—11.2,84)
VLA-4
White wine 282+ 5.7 26.8 = 4.6 —1.3(=3.1,0.48) 0.958 0.040 0.726
Red wine 284 +40 26.8 +4.3 —1.6 (=3.2, —0.10)
CD40
White wine 212+9.2 19.1 £ 6.5 —=2.1(-54,1.2) 0.720 0.484 0.716
Red wine 20.8 £ 7.9 20.5 £ 8.6 —-0.4(-3.8,3.0)
Syalil-Lewis
White wine 16.8 = 7.2 151 £52 —1.8 (—4.0,0.46) 0.900 0.010 0.369
Red wine 177 £7.9 14.0 £ 49 —-3.7(—6.4, —1.0)
Monocytes
LFA-1
White wine 131.6 = 29.1 127.1 £ 33.6 —4.4(—15.5,6.6) 0.345 0.001 0.002
Red wine 139.9 £ 364 112.4 = 28.0 —27.5(-39.3, —15.7)
Mac-1
White wine 69.9 +22.6 60.6 + 18.2 -9.3(—16.7, —1.8) 0.116 0.002 0.998
Red wine 66.0 = 20.1 55.7 £ 18.3 —10.3(—18.3, —=2.3)
VLA-4
White wine 42.0 £ 16.2 355+ 12.1 —6.6 (—12.6, —0.46) 0.059 0.004 0.814
Red wine 374 +16.7 31.3 £ 6.30 —6.1(—11.7, —0.38)
CD40
White wine 434 £ 21.1 352+ 17.7 —8.2(—17.1,0.62) 0.211 0.017 0.409
Red wine 42.4 £20.7 30.6 = 154 —11.8(=20.9, —2.8)
Syalil-Lewis
White wine 59.6 +£23.3 53.6 £24.2 —6.0(—17.9,5.9) 0.007 0.007 0.020
Red wine 61.1 £28.3 40.7 £ 15.8 —20.6 (—31.0, —10.3)
MCP-1
White wine 99.8 £ 51.3 81.9 £45.6 —17.9(—39.8,4.0) 0.831 0.020 0.701
Red wine 99.6 £49.7 76.7 £ 48.1 —22.9(—44.1,—-1.6)

! LFA-1, lymphocyte function-associated antigen 1; VLA-4, very late activation antigen 4; Mac-1, aMf2; MCP-1, monocyte chemoattractant protein 1.
There were no significant differences between the 2 groups before the intervention.

2 Before and after intervention.

7 Comparison between white and red wines (repeated-measures ANOVA).

# Comparison between before and after intervention (ANOVA).

° Comparison between measures obtained before and after intervention with white and red wines (ANOVA).

6 % + SD (all such values).
7 % 95% CI in parentheses (all such values).

these metabolites after the red wine period in comparison to its
correspondent washout period. The differences between the
changes observed in urinary resveratrol concentrations after in-
takes of white and red wines significantly favored red wine (P =
0.005). In addition, urinary anthocyanin concentrations were
measured, as a measure of red wine intake, which increased a
mean of 0.077 ng malvidin glycoside/mg creatinine (95% CI:
0.015, 0.140 ng malvidin glycoside/mg creatinine) during red
wine intake (P = 0.02), whereas it remained practically un-
changed after white wine intake, with a mean change of 0.0002
ng malvidin glycoside/mg creatinine (95% CI: —0.0003, 0.0008
ng malvidin glycoside/mg creatinine).

The energy, nutrient, and antioxidant vitamin contents of the
self-reported diets were close to that of the planned diets. No
consumption of discouraged polyphenol-rich foods was re-
ported. Nutrient intake was similar in all study phases (data not
shown). Participants reported no adverse effects during the wine
consumption periods. The average daily energy expended in

physical activity was similar throughout the study. No weight or
blood pressure changes were observed (data not shown).

Changes in lipids, homocysteine, and soluble
inflammatory markers

In comparison with baseline, red wine and white wine intakes
produced a significant increase in serum HDL cholesterol with a
mean change of 6.7 mg/dL (95% CI: 0.5, 12.8 mg/dL) and 2.8
mg/dL (95% CI: 0.2, 5.3 mg/dL), respectively (P = 0.034; both).
However, no significant differences were observed between the
effects of both interventions on mean serum HDL cholesterol
(3.9 mg/dL; 95% CI: 2.2, 10.0 mg/dL; P = 0.202). No changes
were observed in other lipid values. However, homocysteine
serum concentration showed an imperceptible mean increase of
0.008 wmol/L (95% CI: —0.50, 0.52 wmol/L; P = 0.97) after the
white wine intake and a not significant decrease of 0.22 pumol/L
(95% CI: —0.85, 0.41 umol/L; P = 0.47) after the red wine period.

/00Z ‘6 J8qUIBAON UO eUO[@0IEE 8P 1BJISISAI UM B| op Bo3)ol|qig 18 B10 usle' MMM Wol) peapeojumo(]



The American Jowrnal of Clinical Nutrition

ADHESION MOLECULES IN WOMEN AFTER WINE INTAKE

* *
1.00 9
*

£ 0.75
c
§ T L T T
-
©
8 0.50 |
c
©
E-]
[
o
7]
Qo
< 0.25 A

0.00

Before After Before After
White wine Red wine

FIGURE 2. Changes in monocyte adhesion to unstimulated ([J) and
tumor necrosis factor-a (TNF-a)—stimulated (l) endothelial cells (Ea.hy926
line) before and after white wine and red wine in healthy women (n = 35).
Noticeably, unlike the situation with white wine, adhesion of monocytes to
stimulated endothelial cells was similar to that observed in unstimulated
conditions after red wine (ie, monocytes were little activated only after red
wine). Error bars are 95% Cls. *Significant differences (P < 0.001) between
unstimulated and TNF-a—stimulated endothelial cells by paired Student’s ¢
test.

Changes in circulating concentrations of inflammatory mark-
ers are shown in Figure 1. hsCRP, interleukin-6, ICAM-1, and
CD40L decreased significantly (P < 0.05) from 12% to 29%
after the white wine intake, whereas hsCRP, interleukin-6,
VCAM-1,ICAM-1, E-selectin, P-selectin, and CD40L were sig-
nificantly (P < 0.05) reduced from 17% to 39% after the red wine
intake. Significant differences were observed in the effects of the
2 interventions on VCAM-1 and E-selectin, with mean changes
after the red wine above those observed after the white wine of
—25% (95% CI: —42%, —10%; P = 0.007) and —39% (95% CI:
—T72%, —8%; P = 0.005), respectively.

Adhesion molecule expression by PBMCs

The changes in PBMC expression of CAMs and related pro-
teins are shown in Table 2. After the red and white wines, the
mean expression of VLA-4 and Syalil-Lewis on lymphocyte
surface membranes decreased by 10% and 18% (P < 0.05, both)
and 5% and 6% (NS), respectively. On monocyte membranes,
the mean expression of Mac-1, VLA-4, monocyte chemoattrac-
tant protein-1, and CD40 decreased between 13% and 28% after
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both interventions (P < 0.02, all). Lymphocyte function-
associated antigen-1 and Syalil-Lewis expression, however, de-
creased only after the red wine intake (20% and 33%, respec-
tively; P < 0.001, both).

Monocyte adhesion to endothelial cells

As expected, after the run-in and washout periods monocyte
adhesion to the TNF-a—stimulated endothelial cells increased
similarly by 46% (95% CI: 38%, 55%; P < 0.001) and 48% (95%
CI; 39%, 51%; P < 0.001), respectively. The results were dif-
ferent after wine intake. Thus, with consumption of white wine,
monocyte adhesion to TNF-a—stimulated endothelial cells in-
creased only by 24% (95% CI: 17%, 28%; P < 0.001), whereas
no significant changes occurred with red wine (5%; 95% CI:
—4%, 13%); P = 0.17) (Figure 2). Compared with data obtained
at baseline, white and red wine intakes decreased monocyte ad-
hesion to TNF-a—stimulated endothelial cells by 51% (95% CI:
—57%, —45%; P < 0.001) and 89% (95% CI: —96%, —82%; P
< 0.001), respectively. Regarding effects of wine intake on
monocyte adhesion to stimulated endothelial cells, a signifi-
cantly (P = 0.010) greater decrease was observed after the red
wine than after the white wine (Table 3).

DISCUSSION

In this clinical trial performed in 35 healthy women, consump-
tion of 20 g alcohol/d as red wine or white wine was associated
with increased HDL cholesterol and decreases in serum inflam-
matory biomarkers, CAM expression on monocyte surface mem-
branes, and monocyte adhesion to endothelial cells. Red wine
was usually more potent than white wine to elicit such changes.

Many epidemiologic studies have related moderate alcohol
consumption to reduced rates of cardiovascular morbidity and
mortality (1, 3, 5). Part of these beneficial effects are attributed to
alcohol-associated increases in both HDL cholesterol and fi-
brinolytic activity, as well as decreased platelet aggregation (2,
3), although other mechanisms may be involved (2). Thus, the
results of prospective studies and clinical trials show that, com-
pared with abstainers or heavy drinkers, moderate drinkers have
lower serum concentrations of inflammatory markers, such as
hsCRP and interleukin-6 (7,9, 10, 12, 21). In small clinical trials,
wine (13, 14) and beer (21) reduced circulating and cellular
inflammatory molecules related to early stages of atheroma
plaque formation. Suppression of the postprandial activation of
transcription factor nuclear factor-«B in circulating mononu-
clear cells by a single red wine drink was suggested to play a key

Changes in monocyte adhesion to nonstimulated and tumor necrosis factor-a—stimulated endothelial cells (line Ea.hy926) associated with consumption of

white wine and red wine in healthy women (n = 35)

Before intervention After intervention P for P for P for
(n = 35) (n = 35) Differences’ Treatment’ Time’® Interaction”
White wine 0.31(0.27, 0.34)° 0.15(0.12,0.19) —0.16 (=0.21, —0.10) 0.005 <0.001 0.010
Red wine 0.29 (0.25, 0.34) 0.03 (—=0.01, 0.06) —0.26 (—0.31, —0.21)

! Before and after intervention.

2 Comparison between white and red wines (2-tailed paired Student’s ¢ test).

7 Comparison between before and after intervention (ANOVA).

4 Comparison between measures obtained before and after intervention with white and red wines (ANOVA).

° % 95% CI in parentheses (all such values).
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role in this antiinflammatory effect (22). These beneficial effects
on arterial wall inflammation-related processes add biological
plausibility to the epidemiologic evidences supporting a cardio-
protective effect of alcoholic beverages (23).

It is unclear, however, whether the beneficial effects of mod-
erate alcohol consumption depend on sex, dose, or type of alco-
holic beverage. Women appear to be more susceptible than men
to alcoholic liver injury (24), brain disorders (25), and cardio-
myopathy (26). Accordingly, a threshold of moderate ethanol
consumption lower than that stipulated for men has been defined
for women (27). In the present study, we observed that 2 daily
glasses of 100 mL wine during 4 wk reduced cellular and serum
inflammatory biomarkers in women, in addition to decreasing
monocyte adhesion to endothelial cells, the postulated first step
in the atherosclerotic process (8). With respect to the alcohol dose
that may be safe in women, we found that the lower dose (20 g/d)
taken by women was associated with beneficial effects on ath-
erosclerotic markers similar to those observed in men consuming
higher doses (30 g/d). In fact, an updated meta-analysis of 34
prospective studies has shown that up to 2 drinks/d (20 g/d) are
inversely associated with total mortality in women (28).

Whether the beneficial effects of alcohol depend on the type of
alcoholic beverage consumed has been a matter of debate. Al-
though prospective studies found no differences among different
alcoholic beverages in protection against IHD (1) or reduction in
circulating inflammatory markers (7), small clinical trials
showed that polyphenol-rich red wine had higher antiinflamma-
tory effects than did gin, which is devoid of polyphenols (13, 14).
Red wine and white wine have equivalent ethanol content but
dissimilar quantities of polyphenols. In our study red wine was
associated with a greater reduction in inflammatory biomarkers,
CAM monocyte expression, and monocyte adhesion to endothe-
lial cells than was white wine, suggesting that the polyphenols in
even small amounts of red wine are responsible in part for these
beneficial effects.

However, although both wines decreased serum ICAM-1 con-
centrations, only red wine diminished serum concentrations of
VCAM-1 and E-selectin. In fact, these adhesion molecules differ
in their origin and regulation of expression. Although regulated
by inflammatory cytokines, ICAM-1 is constitutively expressed
by endothelial cells, whereas VCAM-1 and E-selectin are only
expressed on activated endothelium. In addition, serum ICAM-1
may be synthesized by leukocytes and endothelial cells, whereas
serum VCAM-1 and E-selectin are mainly synthesized by endo-
thelium (29, 30). These differences may explain, at least in part,
why the effects of red wine were different from those of white
wine on serum inflammatory biomarkers.

Limitations

One limitation is the inherent difficulty in ensuring compli-
ance with dietary instructions, wine intake, and overall lifestyle
in free-living persons. This is particularly important in a study
such as ours, because diet and exercise may modify the concen-
trations of inflammatory markers (31, 32). Nonetheless, adher-
ence to the recommended diets and wine intake was good, as
judged by self-reports and objective measurements, and physical
activity remained constant throughout the study. However, real-
life conditions may be considered a study’s strength. Finally, we
studied healthy women; thus, it is not possible to determine
whether these salutary effects of moderate wine consumption
against arterial wall inflammation are also applicable to women

SACANELLA ET AL

at high cardiovascular risk, such as those who are postmeno-
pausal.

From our data we cannot tell which alcoholic or nonalcoholic
component of wine may be responsible for the antiinflammatory
effects. In this sense, previous in vitro studies have shown that
different red wine polyphenols induce down-regulation of
ICAM-1 and VCAM-1, reduce adhesion of U937 monocytic
cells to stimulated endothelium (33-35), prevent platelet-
leukocyte interactions (36, 37), and inhibit the expression of
matrix metalloproteinase-2, which is involved in atherosclerotic
plaque growth and instability (38). In recent studies comparing
the effects of red wine and gin (13, 14), we showed that both
beverages (ie, ethanol itself) were associated with reduction of
plasma fibrinogen, hsCRP, and interleukin-1¢, but polyphenol-
rich red wine had the additional effect of decreasing monocyte
CAM expression. Thus, both ethanol and nonalcoholic com-
pounds appear to contribute to the antiinflammatory effects of
alcoholic beverages.

Conclusions

The mechanisms underlying the cardioprotective effect of
moderate alcohol consumption are probably multifactorial (6).
Our results indicate that the beneficial effects of moderate wine
consumption on the vascular system may be mediated, at least in
part, by a reduction in circulating inflammatory molecules, ad-
hesion molecule expression by peripheral monocytes, and mono-
cyte adhesion to endothelium. These salutary effects are ob-
served in women after consumption of lower doses of alcohol as
wine than those showing similar benefit in men. In probable
relation with its higher polyphenol content, red wine intake is
associated with superior antiinflammatory effects than is white
wine in women. The results provide additional information on
the beneficial role of alcoholic beverages in the prevention of
low-grade inflammation and endothelial dysfunction in the ar-
terial wall in women.
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35 dones fértils i sanes sense factors de risc cardiovascular van completar
I'estudi sense presentar efectes adversos durant els periodes d’intervencié amb
Vi i, @ més, no es van detectar canvis en la dieta i en I'exercici durant les 4

fases de I'estudi.

El compliment de la intervencié va ser adequat i es va comprovar tant
subjectivament (entrevista personal i recompte d’ampolles retornades) com
objectivament (determinacié de polifenols en orina després de cada

intervencio).

El consum de vi blanc i vi negre provoca un increment significatiu dels nivells
serics de colesterol-HDL amb una mitja de canvi de 2.8 mg/dL i 6.7 mg/dL,

respectivament (P=0.034).

En limfocits T, I'expressié de VLA-4 (10%) i SLe* (18%) va disminuir

significativament després del consum de vi negre (P<0.05).

En monaocits, I'expressié de Mac-1, VLA-4, MCP-1 i CD40 va disminuir entre un
13-28% en ambdues intervencions amb vi (negre i blanc) (P<0.02). Tanmateix,
I'expressié de LFA-1 (20%) i SLe* (33%) va disminuir només després de

consumir vi negre (P<0.001).

Les concentracions de hsPCR, IL-6, ICAM-1 i CD40L van disminuir
significativament entre un 12-29% després d’ambdues intervencions amb vi
(P<0.05) perdo només VCAM-1, E i P-selectina van disminuir entre un 17-23%

després de consumir vi negre (P<0.05).

Es va observar diferéncies significatives en els efectes de les 2 intervencions
en VCAM-1 (-25%, P=0.007) i E-selectina (-39%, P=0.005) a favor del vi negre.

En comparacié amb les dades obtingudes en el basal, I'adhesié monocitaria
després d’estimular les EC amb TNF-a es va reduir després del consum tant de
vi blanc (51%, P<0.001) com vi negre (89%, P<0.001), no obstant, aquesta

reduccio va ser significativa unicament en vi negre (P=0.01).
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Abstract

Atherosclerosis is considered a low-grade inflammatory disease. Polyphenol-rich alcoholic beverages (red wine) have
shown a more pronounced antiinflammatory effect than polyphenol-free alcoholic beverages (gin). However, no studies to
our knowledge have evaluated the antiinflammatory effects of alcoholic beverages with medium-level polyphenol content
such as cava (sparkling wine). We enrolled 20 healthy men (aged 34 + 9y) in a randomized crossover study to receive 30 g
ethanol/d as cava or gin for 28 d. Before both interventions, subjects abstained from alcohol for 2 wk. Inflammatory
biomarkers of atherosclerosis and expression of adhesion molecules on peripheral leukocytes were measured before and
after each intervention. Likewise, dietary intake and exercise were also evaluated. Expression of lymphocyte function-
associated antigen-1 (LFA-1), very late activation antigen-4 (VLA-4), Sialyl-Lewis® (SLe*), and CD40 on monocytes
decreased after cava intake (all P < 0.05), whereas only SLe* was reduced after gin intake (P = 0.036). Circulating markers
of atherosclerosis including vascular cell adhesion molecule-1, E-selectin, and P-selectin decreased after both
interventions (all P < 0.05). High-sensitivity C-reactive protein, intercellular adhesion molecule-1 (ICAM-1), IL-6, monocyte
chemoattractant protein-1 (MCP-1), and CD40L were diminished only after cava intake (all P < 0.05). The effects of cava
on circulating CD40L, ICAM-1, and MCP-1, and monocyte surface expression of CD40, LFA-1, and VLA-4 were greater
than those of gin (all P < 0.05). In conclusion, both cava and gin showed antiinflammatory properties; however, cava had a

JN

greater protective effect, probably due its polyphenol content.

J. Nutr. 137: 2279-2284, 2007.

Introduction

Many epidemiological studies involving subjects of different
gender, race, and age have shown that moderate alcohol con-
sumption is associated with a reduced risk of cardiovascular
disease (1-4). Because part of the atheroprotective effects asso-
ciated with moderate alcohol intake has been attributed to
changes in serum lipoproteins, coagulation, and platelet aggre-
gation, other alternative mechanisms have been proposed (5-7).

Up to the 1980s, atherosclerosis was considered to be the
result of lipid accumulation in the arterial wall. Nonetheless,
better knowledge of the atheroma plaque formation has led to

" Supported by the Spanish Ministries of Education and Science and Health
(P1020611, P1041837, PI051519, G03/140, CB06/03, ALI/AGL 2006-14228-C03-
02/01, and 2005-0559).
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J. Fernédndez-Sol4, J. M. Nicolas and R. Estruch, no conflicts of interest.
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0022-3166/07 $8.00 © 2007 American Society for Nutrition.

the conclusion that atherosclerosis is, indeed, a chronic low-
grade inflammatory disease of the arterial wall (8). Large epi-
demiologic studies have reported a significant association between
moderate alcohol consumption and lower levels of inflammatory
biomarkers related to atherosclerosis (9-14), suggesting that
antiinflammatory effects of alcoholic beverages may play a role
in their protective effect against cardiovascular disease (15). Be-
cause this effect was independent of the type of alcoholic beverage
(liquor, beer, and wine), some researches attributed this action to
ethanol itself (16). However, other epidemiologic studies have
found significant differences in the effects of wine and other
alcoholic beverages on global mortality, cardiovascular mortal-
ity, and incidence of cancer, in favor of wine (17,18). The
heterogeneity in the results obtained in these epidemiologic studies
may be due to the fact that it is very difficult to adequately moni-
tor diet and physical activity in such studies. Because almost all
alcoholic beverages (some spirits, beer, and wine) contain etha-
nol and nonalcoholic compounds (mainly polyphenols), it seems
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difficult to differentiate the effects of both compounds in
epidemiologic studies.

Other types of evidence may be obtained regarding the
biologic plausibility of this hypothesis. Clinical trials measuring
the effects of moderate alcoholic beverage intake in surrogate
markers of atherosclerosis in humans may be used to explain the
mechanisms by which alcoholic beverages could exert their
positive effects. In this sense, previous studies have concluded that
polyphenol-rich alcoholic beverages, such as red wine, exert a
higher antiinflammatory effect than ethanol itself (19). However,
up to now, no clinical trials to our knowledge have analyzed the
effects of medium-level polyphenol-content beverages, such as
cava (sparking wine) compared with those observed after the
administration of a polyphenol-free alcoholic beverage, such as
gin. We embarked, therefore, upon a prospective, randomized
crossover clinical trial to evaluate the effects of moderate intake
of cava vs. gin on adhesion molecules, chemokines, and other
inflammatory biomarkers related to the early stages of athero-
sclerosis.

Participants and Methods

Participants and study design. We selected 30 healthy men, between
25 and 50 y, who were working in the Department of Internal Medicine
of our institution and reported a daily ethanol intake ranging from 10 to
30 g over the last 5 y. Five declined participation, 3 did not meet lipid
criteria, and 2 suffered from hypertension. Thus, we finally included 20
volunteers who gave informed consent to a protocol approved by the
Institutional Review Board of the Hospital Clinic. None reported any of
the following exclusion criteria: diabetes mellitus, tobacco smoking,
hypertension, LDL cholesterol levels > 4.14 mmol/L, HDL cholesterol
levels < 1.04 mmol/L, coronary heart disease (CHD),” family history of
premature CHD, cerebrovascular disease, peripheral vascular disease,
HIV infection, alcoholic liver disease, malnutrition, or neoplastic or
acute infection disease. In addition, no subjects were receiving any
medication or taking any vitamin supplements. Participants received free
cava and gin but no monetary compensation.

The study was an open, prospective, randomized, crossover, and
single-blinded clinical trial in which subjects received 30 g ethanol/d as
cava (0.3 L/d) or gin (0.1 L/d) for 28 d in a random order. Before both
interventions, the subjects abstained from alcohol for 2 wk (washout
periods 1 and 2). We followed the dietary intake and physical activity of
the participants throughout the study. Before and after each intervention
period, we withdrew blood samples after overnight fasting and coded
them with random numbers to perform biochemical tests and immuno-
logical studies. Finally, at the end of each intervention, a clinician
assessed any adverse effects from the interventions by administering a
checklist of symptoms, including bloating, fullness or indigestion, altered
bowel habit, dizziness, and other symptoms possibly associated with
alcoholic beverage intake.

Alcoholic beverages. We used a monovarietal cava made from white
grapes of Vitis vinifera cv. Chardonnay (12% alcoholic strength) and gin
(40% alcoholic strength) in this study. We selected these beverages on the
basis of their polyphenolic content (medium level for the cava and
negligible for the gin). Total phenolic compounds were determined by
the Folin-Ciocalteu reagent (20). In addition, individualized phenolic
compounds were determined by HPLC as previously described (21)
(Table 1).

Diet and exercise monitoring. The participants in the study followed
an isocaloric Mediterranean-type diet, which was designed according to

7 Abbreviations used: CHD, coronary heart disease; hsCRP, high-sensitivity
C-reactive protein; ICAM-1, intercellular adhesion molecule-1; LFA-1, lympho-
cyte function-associated antigen-1; MCP-1, monocyte chemoattractant pro-
tein-1; PBMC, peripheral blood mononuclear cell; SLe*, Sialyl-Lewis* ; VCAM-1,
vascular cell adhesion molecule-1; VLA-4, very late activation antigen-4.
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TABLE 1 Total phenolic and individual phenolic compound

concentrations of Chardonnay cava

Phenolics by HPLC-DAD Gallic acid
mg/L

Total phenolic content (Folin-Ciocalteu) 202
Hydroxybenzoic acids

Gallic acid 5.00

Protocatechuic acid 0.05
Hydroxycinnamic acids

trans-Caftaric acid 13.59

2-S-glutathionylcaftaric acid 9.25

trans-Caffeic acid 1.60

trans-p-Coumaric acid 0.63

trans-Ferulic acid 0.37
Stilbenes

trans-Resveratrol 0.14

cis-Resveratrol 0.13

trans-Piceid ND'

cis-Piceid 0.92
Phenolic alcohols

Tyrosol 11.14
Flavanols

(+)-Catechin 0.40

(—)-Epicatechin 0.20

Quercetin-3-glucuronide 0.33

" ND, not detected.

their personal preferences. Participants were not allowed to consume
onions, virgin olive oil, and green and black tea, which are rich in
polyphenols and antioxidants. Other foods with high polyphenol con-
tent, ascorbic acid, a-tocopherol, and/or B-carotene, such as cocoa,
chocolate, orange and tomato juices, nuts, some fruits (oranges, lemons,
strawberries, grapes, melon, apples, and apricots), some vegetables
(spinach, turnips, carrots, parsley, peppers, garlic, and tomatoes), and
soybean products were restricted, providing a similar antioxidant
content for all the participants throughout the study. Before and after
each intervention, we used a 3-d food recall questionnaire, validated in
our population (22), to assess the dietary intake and converted this
information into nutritional data using the Professional Diet Balancer
software (Cardinal Health Systems). We monitored physical activity
with the Minnesota Leisure Time Physical Activity Questionnaire (23).

Laboratory analysis. At the end of each 4-wk period (run-in,
intervention 1, wash-out, and intervention 2), we obtained blood
samples from fasting and a spot urine specimen. Immunophenotyping of
peripheral blood mononuclear cells (PBMC) were performed. Serum and
EDTA-plasma samples were stored at —80°C for analysis of inflamma-
tory molecules at the end of the study. Analyses determined in frozen
samples of plasma as was homocysteine by fluorescence polarization
immunoassay (Siemens Medical Solutions Diagnostics) or whole serum
as appropriate were: high-sensitivity C-reactive protein (hsCRP) by
particle-enhanced immunonephelometry; soluble adhesion molecules
[intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion
molecule-1 (VCAM-1), E-selectin, and P-selectin), monocyte chemo-
attractant protein-1 (MCP-1), and CD40L by standard ELISA (Bender
MedSystems). We used high sensitivity immunoassays for IL-6 and
TNFa to detect low serum concentrations of these molecules (80 pg/L
and 310 pg/L, respectively). Intra- and inter-assay variation coefficients
for hsCRP, ICAM-1, VCAM-1, E-selectin, P-selectin, CD40L, MCP-1,
TNFq, and IL-6 ranged from 1.8 to 5.4% and from 0.9 to 9.9%,
respectively.

We performed all analyses in duplicate. As a measure of intervention
compliance, we measured urinary resveratrol metabolites by HPLC-MS/
MS before and after each intervention, as previously reported (24).
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PBMC immunophenotyping. PBMC were isolated from whole blood
by density gradient centrifugation over Ficoll-Hypaque (Pharmacia)
(25). We analyzed the expression of adhesion molecules on PBMC
surface via double direct immunofluorescence using commercial mono-
clonal antibodies. Cell counting and fluorescence analysis were per-
formed in a FACScan Clinical Cytometer (Becton-Dickinson) using the
CellQuest software. The adhesion molecules studied were: very late acti-
vation antigen-4 (VLA-4) (Cytogmos), lymphocyte function-associated
antigen-1 (LFA-1) (Bender MedSystems), Mac-1 (Bender MedSystems),
and Sialyl-Lewis* (SLe*) (Beckman Coulter). CD40 (Caltag Laborato-
ries), another related molecule, was also measured. We identified
monocytes and T-lymphocytes separately using anti-CD14 and anti-
CD2 (Caltag Laboratories) monoclonal antibodies, respectively.

Statistical analysis. We performed statistical analysis using the SPSS
Statistical Analysis system 11.0. Values in the text are expressed as means
+ SD, unless otherwise indicated. Values with a skewed distribution
(hsCRP, VCAM-1, ICAM-1, and IL-6) were transformed to their natural
logarithm for analyses. We compared changes in outcome variables in
response to each intervention treatment with the 2-tailed paired ¢ test. To
exclude the presence of a carryover effect for the 2 interventions, we
compared the outcome variables observed before the cava and gin
treatments and did not observe differences in any of the variables
analyzed (see above). Within- and between-group differences are ex-
pressed as mean percent difference (95% CI). Differences were consid-
ered significant at P < 0.05.

Results

Baseline characteristics, intervention compliance, diet,
exercise monitoring, and side effects. Of 30 eligible
subjects, we excluded 10 from the study for the reasons ex-
plained above. Thus, we included the remaining 20 healthy men
(34 = 9y, range 25-50 y) in the study and randomly assigned
them to 1 of the 2 interventions (cava or gin). All subjects
completed both phases of the study. Prior to participating in the
study, they reported a daily ethanol intake of 16.8 * 12.6 g
during a period of 17 = 10 y. We evaluated the compliance of
intervention by analyzing participants’ reports and recounts
of empty bottles returned. In addition, as an objective measure of
intervention compliance, we determined resveratrol metabolites
in urine. The urine concentration of total resveratrol metabolites

increased by 72.4 nmol/g (95% CI = 48.5-96.2 nmol/g; P =
0.005) after the cava intervention compared with the corre-
sponding wash-out period, whereas we did not find any sig-
nificant changes after the gin intervention. Based on these data,
all participants were compliant. Self-reported diets were close to
the planned diets and none of the subjects consumed a significant
quantity of polyphenol-rich foods during the study, so the
nutritional intake including total energy, carbohydrates, fat,
protein, and vitamins was similar before and after each inter-
vention period in all the subjects. Only 1 participant reported a
1-d violation (onion) 17 d before assessment. In addition, we did
not find any significant differences in physical activity through-
out the study (Table 2). None of the participants reported any
side effects during the both phases of the study.

Expression of cell adhesion molecules on leukocyte cell
surface. Expression of cell adhesion molecules on leukocyte cell
surface before and after each intervention is reported in Table 3.
Adhesion molecule expression did not differ before cava and gin
intervention. Changes in T-lymphocyte surface molecules were
minimal. We detected a reduction in LFA-1 expression after cava
intake by 16% (P = 0.001) and an upregulation of LFA-1
expression after gin intake by 19% (P = 0.034); however, the
rest of molecules did not differ on T-lymphocytes. Changes were
more prominent on monocyte surface. After cava intake, there
were reductions of 11-21% in LFA-1 (P = 0.048), VLA-4 (P =
0.015), SLe* (P = 0.01), and CD40 (P = 0.033) expression. On
the other hand, after the gin intake period, only SLe* declined
(P = 0.036). The following molecules were significantly down-
regulated more by cava than by gin: LFA-1 in T-lymphocytes
(P = 0.001) and monocytes (P = 0.021), VLA-4 in monocytes
(P = 0.008), and CD40 in monocytes (P = 0.029).

Changes in homocysteine and circulating inflammatory
markers. Plasma homocysteine concentrations were similar
before and after cava (10.9 = 2.7 umol/L to 11.5 = 3.6 umol/L)
or gin (10.5 * 2.6 umol/L to 11.2 = 2.9 umol/L) intervention
periods. Serum adhesion molecule concentrations did not dif-
fer before both the interventions. Some circulating adhesion

TABLE 2 Dietary intake, body weight, and exercise energy output in men before and after cava and gin interventions’

Cava Gin
Before After Difference % (95% Cl)? Before After Difference % (95% Cl)

Dietary intake

Energy®, kcal/d 2246 + 683 2236 =+ 468 —3(=13t07) 2506 =+ 673 2255 =+ 668 —8(—18102)

Cholesterol, mg/d 374 + 104 396 + 115 13 (=7 to0 33) 431 + 123 395 + 150 —4(=211t012)

SFA, mg/d 322 £ 118 30.8 £ 10.1 —0.1(—14 10 14) 37.2 £ 147 332 £120 —4(—20 to 10)

Monounsaturated fatty acids, 475 + 168 483 = 143 8(—7 10 23) 55.6 = 16.6 489 = 133 —6(—23t0 11)

mg/d

PUFA, mg/d 138 = 6.0 158 =59 29 (—5 to 64) 172 = 6.4 158 = 6.0 —1(—20t0 18)

Vitamin A, mg/d 400 * 200 463 * 201 32 (—1to 65) 455 + 241 445 + 2728 —18 (—54 to 10)

Vitamin E, mg/d 102 = 41 120 =53 26 (—1 10 53) 120 = 45 1.1 +55 —1(—26 to 24)

Vitamin C, mg/d 130 = 694 131 £ 533 1(—31to0 33) 135 = 81.6 134 = 82.7 —1(—61 to 59)

Polyphenols, mg/d 227 * 59 225 + 72 —15 (—56 to 26) 240 + 85 231 + 88 —18 (—46 to 10)
Exercise

Energy output, kcal/d 231 =133 227 + 155 —1(—211019) 289 + 238 214 = 160 —12 (—46 to 23)
Body weight, kg 780 = 123 785 = 124 —06(—1.2100.1) 78.2 = 101 78.1 =101 —0.02 (—0.6 to 0.6)

' Values are means + SD, n = 20.
295% Cl of mean differences (%) after the intervention, n = 20.
31 keal = 4.184 kJ.
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TABLE 3 Expression of inflammatory molecules on leukocyte cell surfaces of men before and after
cava and gin interventions’

Cava Gin
Before After Difference Before After Difference

T-Lymphocytes Au? % (95% CI)* AU? % (95% CI)*

LFA-1 139.2 = 25.1 1158 = 239**  —16(—24to —8)*** 1226 £294 1393 = 26.7* 19 (3 to 34)

VLA-4 282 =50 269 = 6.8 —2 (=160 11) 259 +53 276 =23 11 (=2 to 24)

SLe* 122 £ 44 131 = 41 17 (=5 to 39) 125 + 46 139 £75 21 (—16 to 57)

CD40 16.9 = 3.2 189 = 43 16 (—0.6 to 32) 174 £ 56 164 =52 —06(—191t0 18)
Monocytes

LFA-1 1382 = 168  121.1 = 24.1* =11 (=211t0 =2)** 1217 £249 1309 = 291 12 (—4 to 28)

Mac-1 63.1 =212 58.6 = 14.2 —2 (=17 t0 21) 58.7 = 12.6 55.1 = 17.2 —4(=1719)

VLA-4 397 +98 317 £ 59% —17 (=26 to—7)*** 346 = 105 36.7 = 108 12 (—6 to 30)

SLe* 63.0 = 244 441 £147* =21 (=37 to —5) 50.6 + 14.3 37.9 = 10.5* —20(—32t0 —8)

CD40 438 + 17.1 32.1 = 8.8% —19(—33 to —4)** 344 + 116 36.2 = 16.7 18 (—18 to 53)

[N THE JOURNAL OF NUTRITION

" Values are means + SD. Asterisks indicate different from baseline: *P < 0.05; **P < 0.01; ***Different between cava and gin

intervention period, P < 0.05.
2 Arbitrary units.
3 95% Cl of mean differences (%) after the intervention, n = 20.

molecules and other inflammatory biomarkers changed after each
intervention (Fig. 1). After the cava period, concentrations of
CD40L (P = 0.015), VCAM-1 (P = 0.001), hsCRP (P = 0.049),
IL-6 (P = 0.008), P-selectin (P = 0.01), E-selectin (P = 0.02),
ICAM-1 (P = 0.013), and MCP-1 (P = 0.01) diminished from
11 to 27%. After gin consumption, we observed reductions of
13-18% in serum E-selectin (P = 0.012), P-selectin (P = 0.028),
and VCAM-1 (P = 0.034) concentrations and 21% higher
MCP-1 levels (P = 0.026). The effect of cava was greater than
that of gin for CD40L (P = 0.030), ICAM-1 (P = 0.015), and
MCP-1 (P = 0.001).

Discussion
In this 3-mo feeding intervention trial, consumption of 30 g

ethanol/d as cava was associated with a downregulation of the

70 A

expression of LFA-1, VLA-4, SLe*, and CD40 in monocytes and
of LFA-1 in T-lymphocytes. In addition, serum concentrations of
hsCRP, VCAM-1, ICAM-1, E-selectin, P-selectin, IL-6, MCP-1,
and CDA40L also decreased after cava intake. Gin intake also
exerted an antiinflammatory effect, because serum concentra-
tions of VCAM-1, E-selectin, and P-selectin decreased and, also,
SLe* was downregulated in monocyte surface. However, the
effects of cava on inflammatory biomarkers of atherosclerosis
were significantly greater than those of gin.

The epidemiological association between moderate alcohol
consumption and lower prevalence of atherosclerosis may have
several pitfalls, because even in prospective cohort studies it is
difficult to assess the type and amount of ethanol intake exactly
and to control the effects of the diet consumed and physical
activity performed on the variables studied (26). In fact, some
investigators have suggested that the lower risk of CHD in
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moderate drinkers may be also related to their characteristic
lifestyle or the consumption of a healthier diet (27). It should be
taken into account that fruits and vegetables contain large
amounts of polyphenolic compounds, such as flavonoids, and
some studies have suggested that flavonoid intake may explain
the low mortality rates from CHD reported in Western countries
(28,29). On the other hand, physical activity increases HDL
cholesterol serum concentrations (30) and may reduce cardio-
vascular mortality by itself. Thus, the issue of nutrition and
exercise may be solved in only well-designed clinical trials in
which the intervention could be monitored by biochemical
analysis. To avoid this problem, in this trial, we monitored
nutritional intake and exercise performed throughout the study
by means of validated scales, but we did not detect any dif-
ferences in these variables between the periods of the study.
We also assessed protocol compliance by personnel interviews,
counting empty bottles, and measuring concentrations of res-
veratrol metabolites in urine after each intervention (24). After
analyzing all these data, we concluded that protocol compliance
was nearly 100% in all the subjects. Therefore, the changes
observed in inflammatory variables analyzed in the study should
be attributed to the consumption of cava or gin.

The mechanisms by which moderate alcohol consumption
may prevent atherosclerosis are not completely known. Beyond
changes in lipid profile, coagulation, and fibrinolitic system ob-
served in alcohol drinkers, the involvement of other alternative
mechanisms may completely explain the protective effect of
alcoholic beverages (7,13,31). Thus, the possible antiinflamma-
tory effects of alcoholic beverages in the arterial wall have
become a matter of research (15).

Epidemiological studies suggest that moderate alcohol intake
is associated with reduced levels of circulating inflammatory
predictive markers of atherosclerosis (9,14,32). In this sense, a
reduction in C-reactive protein, a;-globulins, a,-globulins, IL-6,
sTNF-R1, sTNF-R2, and fibrinogen have been observed in
moderate drinkers compared with nondrinking subjects. Like-
wise, moderate amounts of red wine inhibit the expression of
MCP-1 and neointimal hyperplasia after a balloon injury in
cholesterol-fed rabbits (33), whereas in vitro studies show that
ethanol inhibits MCP-1 expression in IL-1B-activated human
endothelial cells (34). Previous clinical trials performed by our
group revealed that moderate consumption of red wine exerted
greater antiinflammatory effects than ethanol itself (gin). In
addition, red wine prevented nuclear factor-«B activation in
PBMC, a process that activates genes involved in immune and
inflammatory responses (35,36). These antiinflammatory effects
have been attributed to the high polyphenol content of red
wines. The results of this study also confirm that moderate
consumption of cava, a medium-level polyphenol content bev-
erage, is able to reduce the expression of adhesion molecules that
participate in the passage of monocytes and T-lymphocytes into
the arterial wall.

The interaction of T-lymphocytes and monocytes with
endothelium through adhesion molecules is the first event in
atheroma plaque formation. This process may involve several
steps such as rolling, tethering, firm adhesion, and transmigra-
tion of circulating mononuclear cells in which different adhesion
molecules participate (8). Selectins and SLe* exert their function
during the rolling phase, whereas integrins, ICAM-1, and
VCAM act during firm adhesion and transmigration (37). Our
results suggest that moderate consumption of cava and gin may
have an effect in the initial phases of the atherosclerosis process.
Until now, no studies to our knowledge have reported the
antiinflammatory effect of cava consumption in human beings.

These effects may contribute, with others previously reported
(such as reduction of LDL oxidation in vitro or decrease of aortic
fatty streak formation in hamsters) (38,39), to the overall
beneficial effect of wine against atherosclerosis.

In summary, our study suggests that alcoholic beverages with
medium-level polyphenol content such as cava induce greater
reductions of inflammatory markers of atherosclerosis (adhesion
molecules, cytokines, and CD40/CD40L system) compared with
alcoholic beverages with negligible levels of polyphenols, such as
gin. Therefore, these data suggest that some of the atheropro-
tective effect of alcoholic beverages could be partially mediated
by their antiinflammatory activity in the vascular wall.
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Resultats Treball 2

RESULTATS CONCRETS:

1. 20 homes sans sense factors de risc cardiovascular van completar I'estudi
sense presentar efectes adversos relacionats amb les intervencions realitzades
i tampoc es van detectar canvis en la dieta i en I'exercici durant les 4 fases de

I'estudi.

2. El compliment de la intervenci6 va ser adequat i es va comprovar tant
subjectivament (entrevista personal i recompte d’ampolles retornades) com
objectivament (determinacié de polifenols en orina després de cada

intervencio).

3. Enlimfocits T, unicament es redueix I'expressio de LFA-1 en un 16% (P=0.001)

en consumir cava i s’augmenta en un 19% en consumir ginebra (P=0.034).

4. En monacits, I'expressio de LFA-1 (11%), VLA-4 (17%) i CD40 (19%) decreix
significativament (P<0.05) i també decreix SLe* (21%, P=0.01) després del
consum de cava. Perd en consumir ginebra, Gnicament SLe* (20%) disminueix

significativament (P=0.036).

5. Per a LFA-1 limfocitaria (P=0.001) i monocitaria (P=0.021), VLA-4 monocitaria
(P=0.008) i CD40 (P=0.029) monocitaria les diferéncies entre ambdues

intervencions van ser significatives a favor del cava.

6. Els nivells circulants de marcadors inflamatoris van disminuir significativament
entre un 11 i 27% per a VCAM-1, IL-6, P-selectina i MCP-1 (P<0.01) i, també,
per a hsCRP, CD40L, E-Selectina i ICAM-1 (P<0.05) després de consumir

cava.

7. Després de la ingesta de ginebra només es va observar una reduccidé
significativa (P<0.05) en les concentracions de VCAM-1 (13%), E i P-Selectina
(18%). Contrariament, MCP-1 va augmentar un 21% (P=0.026).

8. Per a CD40L (P=0.03), ICAM-1 (P=0.015) i MCP-1 (P=0.001) les diferéencies
van ser significatives a favor del cava, per tant, 'efecte del cava va ser major

que I'efecte produit per la ginebra per aquests 3 marcadors d’inflamacio.
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ABSTRACT

Background

Several epidemiological studies have demonstrated the beneficial effects of certain
foods containing flavonoids in reducing total and cardiovascular mortality, due, at least
in part, to its anti-inflammatory effects. However, the exact mechanism by which
flavonoid-rich foods, such as cocoa, protects against atherosclerosis is not fully known.
Objective

Because monocytes/macrophages and nuclear transcription factor kB (NF-kB) are
implicated in the pathogenesis of atherosclerotic lesions, we examine the effect of cocoa
powder consumption on the activation of NF-xB system.

Methods

Seventeen volunteers without cardiovascular risk factor received at random 3
interventions: 40 g of cocoa powder diluted in 250 ml of milk (CM), 40 g of cocoa
powder diluted in 250 ml of water (CW), and 250 ml of milk (M). NF-xB activation
(Western blot) and soluble adhesion molecules (ELISA) were analyzed before and 6
hours after each intervention.

Results

M consumption elicited a significantly (P=0.009) increase of NF-xB activation,
whereas, after CM intervention NF-kB activation was blunted and after CW
intervention a significant decrease of NF-kB activation was observed (P=0.049). A
decrease in plasma sSICAM-1 levels was also observed after 6h cocoa consumption,
which only achieved significance after CW intervention (P=0.024).

Conclusions

These results provide a new potential mechanism to explain the beneficial effect of

cocoa consumption in the reduction of cardiovascular mortality.

Keywords: NF-xB, adhesion molecules, inflammation, cocoa powder, polyphenols.
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INTRODUCTION

Flavonoids are phytochemical constituents of certain foods and beverages such as
cocoa, wine and tea. Flavonoids intake, in particular a class called flavanols, is
associated with lower cardiovascular morbidity and mortality' and also with a decreased
incidence of certain types of cancer’ probably due to their antioxidant® and anti-
inflammatory properties.* However, the exact mechanisms by means of flavonoid-rich
intake, such as cocoa, protects against atherosclerosis is not fully understood.

Up to now, several non-inflammatory mechanisms has been reported in healthy subjects
cating a flavanol-rich diet such as vasodilatation,” reduction of plasma cholesterol
concentrations’ and insulin resistance® and also a reduction of blood pressure in mild
hypertensive subjects.” Studies analyzing the anti-inflammatory role of cocoa intake are
scarce. In fact, only in vitro studies has suggested that cocoa flavanols can modify
intracellular transduction pathways and therefore modulate synthesis of inflammatory
cytokines such as interleukine-1p.»’

Inflammation of the arterial wall is the leading process during atherosclerosis
development in which adhesion molecules, cytokines and related molecules are
involved.'® Most of them are regulated by the nuclear factor-kappa B (NF-«kB) which is
expressed in inactive form in the cytoplasm of the cells.'' After stimulation, NF-kB
release its inhibitory protein (IkB) and is translocated to the nucleus where induce gene
expression of the inflammatory cytokines and adhesion molecules involved in atheroma
plaque formation.'?

Hypothetically, NF-kB could be a target to inhibit the inflammatory reaction in the

vascular wall and in this way reduce atherogenesis."” The effect of some polyphenols-

114,15 16,17

rich food such as olive oi and red wine in NF-kB activation has been reported.
However, no studies have evaluated the effect of other polyphenol-enriched food such
as cocoa on NF-kB activation in humans. Therefore, we designed a trial in which NF-
kB activation in peripheral blood mononuclear cells (PBMC) and soluble adhesion
molecules: intercellular adhesion molecule-1 (ICAM-1), E-selectin and vascular cell
adhesion molecule-1 (VCAM-1) regulated by NF-kB were analyzed in subjects with

low cardiovascular risk after acute cocoa consumption.
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MATERIALS AND METHODS

Study subjects and design

We included 18 volunteers (9 men and 9 women aged 19-49 years) into a protocol and
none reported any of the following exclusion criteria: diabetes mellitus, tobacco
smoking, hypertension, low density lipoprotein-cholesterol (LDL-c) levels >160 mg/dL,
high density lipoprotein-cholesterol (HDL-c) levels < 35 mg/dL, coronary heart disease
(CHD), family history of premature CHD, cerebrovascular disease, peripheral vascular
disease, human immunodeficiency virus infection, alcoholic liver disease, malnutrition,
neoplastic or acute infection disease. In addition, none of them received any medication
or taken vitamin supplements. Volunteers fasted overnight for at least 12 hours before
beginning the assessment period. Before their inclusion in the trial, all participants gave
written informed consent for the different procedures and none received any economic
compensation. The Institutional Review Board of the Hospital Clinic approved the
study protocol.

This study was an open, prospective, randomized, cross-over and single-blinded clinical
trial. All subjects received the three interventions in a random order to all the subjects: 1)
40g of cocoa powder diluted in 250mL of whole milk (CM), ii) 40g of cocoa powder
diluted in 250mL of water (CW), iii) 250mL of whole milk (M) as a control.

The three interventions were performed of 3 consecutive weeks at 8:00 am after
overnight fasting in order those 7 days, there was a wash-out period of seven days
between each intervention. Volunteers were instructed to abstain from vitamin
supplements, drugs, alcoholic beverages and any polyphenol rich containing foods for at
least 48 h before and during the test day. A list with the allowed and forbidden foods
and two menus were given to all participants to help them to strictly follow the
polyphenol free diet the days before the study. Furthermore, they remained during the
entire period of study in the experimental clinical ward, ensuring that volunteers only
consumed the diet proscribed in this study.

Cocoa powder composition

The cocoa powder phenolic content is composed, essentially, by flavanols (Table 1),
whereas, milk phenolic content was under the detection limits.

The three types of beverages were isocaloric between them, using sugar to equal the
caloric content in order to avoid differences in their absorption. The CM and CW
macronutrient composition (g/250mL) were respectively: carbohydrates 30.75, 58.4, fat

10.91, 2.16, protein 13.54, 5.64 and energy (Kcal/250mL). Everyday of the intervention



O© 0 9 N N B~ W N =

W W W W W N N N N N N N N N N R R e e e e e
A W D = O O 0 N N N B WD = O O 0NN SN R WD = O

period, the different drinks were prepared by using a standardized protocol. At the end
of this study, a clinician assessed any adverse effects from the interventions by
administering a checklist of symptoms with included oral symptoms; bloating, fullness
or indigestion; altered bowel habit; and any other diet-related complaint.

Laboratory measurements

Two blood samples of all volunteers drawn just before (Oh or baseline), 2 and 6h after
each intervention, which were coded with random numbers and processed immediately
to perform lipid profile, and immunological assays of PBMC. For blood lipid analysis,
cholesterol and triglycerides were measured using enzymatic procedures and HDL-c
was quantified after precipitation with phosphotungstic acid and magnesium chloride.
As a measure of cocoa polyphenols bioavailability, quantification of (-)-Epicatechin
(Ec) in plasma was determined by LC/MS/MS analysis as previously reported.'®
Protein extracts isolation to PBMC

Blood samples were assayed at the same day of blood sampling but serum samples were
frozen at —80°C until needed. PBMC were isolated from blood samples by density
gradient centrifugation over Ficoll-Hypaque (Pharmacia, Uppsala, Sw)."”” Then, total
protein extracts were isolated to PBMC by Tripure'™ Isolation Reagent (Roche
Molecular Biochemicals) as indicated by the manufacturer. The quantification of total
protein concentrations in PBMC samples was carried out using the Bicinohominic acid
protein assay (Pierce,Rockland, IL), which were used for Western-blot study.
Phospo-p65 Western-blot

An equal amount of proteins (20pug) were loaded and separated in 10% SDS-PAGE gels
and electrotransferred onto nitrocellulose membranes (Invitrogen, CA, USA). The blots
were blocked with 5% non-fat dry milk overnight at 4°C and then probed with a
monoclonal antibody against p65 phosphorylated (P-p65) serine 536 (Cell Signaling
Technology Inc, Beverly, MA). To verify equal protein loading, the blots were reproved
with a monoclonal antibody against actin (Santa Cruz Biotechnology, Santa Cruz, CA).
The antibodies concentrations were used as indicated by the manufacturer. Levels of
expression for a specific protein were visualized by treating the bloods with a
quimioluminiscent detection kit (Pierce, Rockland, IL) that enhanced the signal. The
intensity of signals was quantified by ImageGauge Software. Protein expression of NF-
kB was assessed by P-p65/actin ratio (P-p65 amount was normalized by actin content)

in arbitrary units.
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Enzyme-linked immunoabsorbent assay

Plasma levels of soluble endothelial adhesion molecules: SICAM-1, sVCAM-1 and sE-
selectin were measured in duplicate by enzyme-linked immunoabsorbent assay (ELISA)
using commercial immunoassays for the quantitative detection of soluble human
molecules (Bender MedSystems, Vienna, Au). Intra- and inter-assay variation
coefficients for sSICAM-1, sVCAM-1 and sE-selectin ranged from 3.1% to 5.4% and
5.2% to 7.6%, respectively.

Statistical analysis

Means and SEMs were used to describe continuous variables. For analysis of laboratory
variables, the average of two baseline measurements was used as the baseline value and
the average of the two measurements taken at 2 or 6 hours was used as the final
variable. The two-tailed paired 7-test was used to compare changes in outcome variables
in response to each intervention period. To exclude the presence of a carryover effect
for the two interventions, comparison of the outcome variables observed before the 3
intervention periods was performed. Within- and between group differences are
expressed as means and 95% confidence intervals (CI). All statistical tests were 2-tailed
and the significance level was set at P<0.05. Analyses were performed using SPSS

versionl2.0(Inc,Chicago,IL).
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RESULTS

Participant’s characteristics

All participants (mean age 26 + 7 years) completed all study periods and none reported
any adverse effect related to the interventions administered. Baseline lipid
characteristics of participants were normal (202+3 mg/mL cholesterol, 539 mg/mL
HDL-c, 127+ 2 mg/mL LDL-c and 54+7 mg/mL glucose). Nutrient intake was similar

in all study phases. There were no weight or lipid profile changes (data not shown).

Plasma cocoa polyphenols levels

Before the consumption of the test meals, (-)-Ec plasma concentration was undetectable
in all the subjects. 2 hours after the intake of the two cocoa beverages, (-)-Ec-
glucuronide was the only (-)-Ec metabolite detected into the bloodstream, showing the
mean+SD plasma concentration of 330.44 nmol.I"£156.1 and 273.7 nmol.I"! +138.4 for
CW and CM, respectively. Not observed difference between these interventions
(P=0.076). As expected, (-)-Ec was no detected before and after M intake.

NF-kB activation and adhesion molecules levels

Blood samples were taken before (Oh) and 6h after beverage intervention and measured
P-p65 levels (NF-kB active form) by Western-blot (Figure 1). In comparison to
baseline, M consumption elicited a significantly (P=0.009) increase of NF-«xB
activation, whereas, after CM intervention NF-kB activation was blunted and after CW
intervention a significant decrease of NF-kB activation was observed (P=0.049). The
effects of interventions over NF-kB activation after 6 hours were significantly greater in
favor of cocoa compared to milk intervention (P<0.05). Finally, a decrease in plasma
sICAM-1 levels was observed after 6h cocoa consumption which was significantly
after CW intervention (P=0.024) (Figure 1). No changes in sVCAM-1 and E-selectin

analyzed were found.
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DISCUSSION

In this clinical trial, consumption of 40g of cocoa powder mixed with water or milk was
associated with decreased phosphorylation of the p65, the transcriptional active subunit
of NF-kB, and decreases in sSICAM-1 but after M consumption occur the opposite
effect.

NF-«B, a modulator of genes involved in inflammation, may play a crucial role in
atherosclerosis. Activated NF-kB has been identified in human atherosclerotic plaques,
but not in vessels from healthy subjects.”” Nowadays, NF-kB is considered a major
therapeutic target to prevent atherosclerosis* and the research fields have been directed
to anti-inflammatory effects of polyphenols-containing foods that exerted a NF-xB
inhibition associated with suppression of inflammatory mediators.'>""** Several clinical
studies have shown improved endothelial function after cocoa intake.” In vitro studies,
epicatechin, catechin and procyanidins isolated from cocoa inhibit NF-kB activation,
that it was attributed to their antioxidant capacity.**

The results of the current study suggest that inhibitory effect on NF-«B activation and
sICAM-1 is due to polyphenols (flavanols) presents in cocoa powder, this product have
demostrated anti-inflammatory properties in laboratory study.

Up to now, discrepant findings have been observed about milk may counteract with the
beneficial effects of cocoa when it is added.”?° Little is known whether addition of
milk and which milk component influence these beneficial cocoa effects. Schroeter et
al.*’ have not observed a reduction on flavonoids bioavailability when cocoa was
consumed with milk. However, in our study, the anti-inflammatory effect of cocoa
powder was higher in presence of water than in presence of milk. Colio et al.'®!
observed that an acute intake of fat enriched diet caused NF-kB activation in humans
and this activation could be prevented by consumption of ethanol beverage containing
polyphenols. Therefore, the minor effect observed in CM intervention could be due by
negative effect of milk fats, activators of NF-kB. However, exist a tendency that cocoa
are more bioavailable in presence of water, change in cocoa polyphenols bioavailability
were excluded between CM and CW, since no differences were observed in the (-)-Ec
metabolites of glucoronide between cocoa intervention, Then, the inflammatory effect
of fats presents in milk by NF-kB activation could be, in part, counteracted by cocoa
polyphenols activity.

The main of this study is that the result may not be applicable to subjects with high

cardiovascular risk. Further studies are required including high-risk patients.
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In conclusion, polyphenols-rich cocoa consumption could confer cardioprotective effect
mediated by inhibition with the NF-kB-dependent transcription pathway supporting the
idea that cocoa consumption may contribute to prevent chronic inflammatory disease as

atherosclerosis but this effect is less evident in presence of milk.
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FIGURE LEGEND

Figure 1. NF-xB activation determined by p65 phosphorylated (P-p65) protein
expression and sICAM-1 concentrations in volunteers at Oh and 6h after milk (M),
cocoa-milk (CM) or cocoa-water (CW) intake (n=17). A) Representative example of
Western-blot of P-p65 protein expression. Actin was used to verify equal protein
loading. B) Densitometer quantification of P-p65 activity. Values are mean + SEM
presented in arbitrary units as a ratio of P-p65/actin. C) Plasma sICAM-1 levels
expressed as mean + SEM.

ICAM-1, intercellular adhesion molecule-1; *P < 0.05 compared to before intervention;
#*¥*P < (.01 compared to before intervention; ' P < 0.05 compared to after M

intervention./versus 6h of M intake.



Table 1. Cocoa powder composition per 100g.

100 g Cocoa
powder
Carbohydrates 47 g
Fiber 16 g
Protein 14.1¢g
Fat 54¢
Phenols: 160.2 mg
Flavanols: (-)-Epicatechin ~ 70.5 mg
Procianidin B, 63.7 mg
(+)-Catechin 21 mg
Flavonols 5mg
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Resultats Treball 3

RESULTATS CONCRETS:
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1.

18 individus (9 homes i 9 dones) sans sense factors de risc cardiovascular van
completar l'estudi sense presentar efectes adversos relacionats amb les
intervencions realitzades.

El consum de llet sola provoca un augment significatiu (P=0.009) de I'activacio
del NF-kB en comparacié amb el basal. Contrariament, després del consum de
solubles de cacau amb llet no hi ha activaci6 de NF-kB o, inclos, disminueix
significativament (P=0.049) després del consum de solubles de cacau amb
aigua.

Els efectes de les dues intervencions amb solubles de cacau sobre I'activacio
de NF-kB passades sis hores son significativament majors en comparacié amb
la intervencié de llet (P<0.05).

Passades sis hores de les intervencions amb solubles de cacau (cacau-llet i
cacau-aigua), s’observa una disminucié dels nivells solubles d'ICAM-1, la qual
és significativa després del consum de solubles de cacau amb aigua (P=0.024).
No s’observen canvis en les concentracions de VCAM-1 i E-selectina

analitzades.
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Discussié Conjunta

Existeix una relaci6 inversa entre el consum de determinats aliments i la incidéncia
de morbi-mortalitat cardiovascular avalada per varis estudis epidemioldgics.
Concretament, els polifenols sén els elements de la dieta implicats en la prevenci6 de
diverses patologies com la malaltia cardiovascular per aquest motiu, actualment,
existeix un gran interés en el seu estudi. Existeixen diversos components de la dieta

que contenen polifenols com ara les begudes alcoholiques i el cacau.

Diferents estudis epidemioldgics demostren un efecte cardioprotector del consum
moderat d’alcohol enfront I'arteriosclerosi (Estruch et al., 2000; Gronbaek et al., 2000;
Mukamal et al., 2005). La majoria d’estudis experimentals o d’intervencié s’han centrat
en avaluar l'efecte del consum moderat d’alcohol sobre el perfil lipidic, funcio
plaquetar, sistema de coagulaci6 i fibrindlisis. No obstant, en definir-se 'arteriosclerosi
com una malaltia inflamatoria cronica de baixa intensitat de la paret arterial, estudis de
cohort han suggerit que el consum moderat d’alcohol també pot reduir els marcadors
d’'inflamacié predictors d’arteriosclerosi (Imhof et al., 2001). Per tant, I'alcohol actuaria
a través d’un altre mecanisme d’acci6 en el qual es modifica la resposta inflamatoria i,

consequentment, retardar i/o evitar el desenvolupament de la placa d’ateroma.

Per altre banda, tot i que el consum moderat d’alcohol és inversament proporcional
a la morbi-mortalitat cardiovascular, existeix controvérsia respecte si els efectes
cardioprotectors de les begudes alcohdliques son atribuibles al component alcoholic
(Rimm et al., 1999) o al component no alcoholic (Theobald et al., 2003) o bé als dos

components en conjunt (Badia et al., 2004; Estruch et al., 2004).

Per tal d’evitar factors de confusi6 en la interpretacié de les dades es van incloure
en els tres treballs una poblacié de persones adultes sanes, homes i dones, amb baix
risc cardiovascular definida com abséncia dels segiients factors de risc cardiovascular
classics: diabetis mellitus, tabaquisme, hipertensio, alteracions en el perfil lipidic,

cardiopatia isquemica o antecedents de cardiopatia isquemica precog.

El primer i segon treball d’aquesta Tesi Doctoral s’han realitzat amb la finalitat
d’obtenir una major evidéncia cientifica mitjangant estudis d’intervencié que ajudés a
entendre la relaci6 entre el consum moderat d’alcohol i marcadors d’inflamacié, com
ara molécules d’adhesié i citosines, predictors d’arteriosclerosi. Tanmateix, aclarir si
els beneficis del consum moderat d’alcohol depenen del sexe, dosi i/o tipus de beguda
alcoholica. Aixd es va fer mitjangant assaigs clinics on la dieta i exercici van estar
controlats i els participants van ser sotmesos a una intervencié consistent en el
consum de beguda alcohdlica amb alt, baix o nul contingut en polifenols perd amb la

mateixa dosi diaria d’alcohol (30g/dia en homes i 20g/dia en dones) durant 4 setmanes
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precedida per un periode d’abstinéncia alcoholica absoluta. El grau d’adheréncia de la
intervencié mesurat per parametres subjectius (entrevista personal i recompte del
retorn d’ampolles buides) i objectius (determinacié de marcadors polifendlics en orina
després de cada intervencid) va ser plenament satisfactori. A més, no es van detectar
diferéncies ni en la dieta (respecte a la ingesta caldrica, greixos saturats e insaturats i
antioxidants) ni en el grau d’activitat fisica realitzades durant totes les fases d’estudi.
Per tant, les possibles variacions observades en els parametres inflamatoris analitzats
serien atribuibles al tipus d’intervenci6 realitzada (consum moderat de vi negre vers vi

blanc o cava vers ginebra).

En el primer treball d’aquesta Tesi Doctoral es pretén investigar si els efectes
antiinflamatoris del consum moderat d’alcohol observat en homes (Badia et al., 2004;
Estruch et al., 2004) també sén aplicables a les dones amb baix risc cardiovascular.
En aquest treball es posa de manifest que un consum de 20g d’alcohol/dia en forma de
vi negre o vi blanc s’associa amb un increment en el colesterol HDL i una disminucio
dels marcadors d’inflamacié circulants (hsPCR, IL-6, ICAM-1 i CD40L), de I'expressio
de molécules d’adhesié monocitaries (Mac-1, VLA-4, MCP-1 i CD40) i de I'adhesi6
monocit-endoteli en 35 dones fértils i sanes. El vi negre posseeix un efecte més potent
respecte el vi blanc per produir aquests canvis per als marcadors: VCAM-1, E-
selectina, P-selectina, LFA-1 i SLe*. Aquests resultats aporten, en concordanca, bases
fisiopatologiques de les dades epidemiologiques procedents d’'un meta-analisi on
confirma que el consum de 20g d’alcohol/dia esta inversament associat a la mortalitat

total en dones (Di Castelnuovo et al., 2006).

En aquest cas, la dosi d’alcohol aplicada en l'estudi és de 20g d’alcohol/dia
clarament inferior a I'estudi amb homes degut a la major susceptibilitat de les dones a
I'alcohol consumit ja que és coneguda la major sensibilitat de les dones a I'alcohol i
aquesta és la dosi maxima recomanada com a saludable pel U.S. Department of
Agriculture (2000). Respecte a la dosi d’alcohol saludable per a la dona, s’ha trobat
que una dosi de 20g d’alcohol/dia s’associa a efectes beneficiosos sobre els
marcadors d’inflamacié predictors d’arteriosclerosi similars als observats en homes

que consumeixen dosis més elevades (30g d’alcohol/dia).

Tant el vi blanc com el negre tenen un contingut d’etanol equivalent perd difereixen
en el contingut polifendlic. Concretament, el vi blanc i vi negre usats en aquest estudi
tenen un contingut polifendlic total de 308mg/L i 1945mg/L, respectivament. En aquest
estudi s’observa que el consum de vi negre provoca una major reduccié dels
marcadors d’inflamacié (VCAM-1, E-selectina, P-selectina, LFA-1 i SLe*) i 'adhesio

monocit-endoteli que el vi blanc. Aquestes dades suggereixen que la major quantitat
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de polifenols del vi negre, en part, son els responsables d’aquests efectes

beneficiosos.

Cal explicar que aquest treball té certes limitacions. En primer lloc, existeix una
certa dificultat per assegurar el compliment de les instruccions dietétiques, consum de
vi i l'estil de vida global, no obstant, les mesures objectives realitzades han estat
constants durant tot I'estudi amb una fiabilitat practicament del 100%. En segon lloc,
les alteracions analitiques obtingudes en els parametres inflamatoris predictors
d’arteriosclerosi sén de dificil interpretacié clinica degut a que so6n dones que per si
mateixes estan sanes que no presenten aquesta malaltia, no obstant, aquest estudi
ens permet descobrir nous aspectes de la fisiopatologia de l'arteriosclerosi important
per poder determinar noves dianes d’acci6 i, aixi, combatre-la. En tercer lloc, els
efectes cardioprotectors del consum moderat d’alcohol en dones fértils i amb un baix
risc cardiovascular global no sén directament extrapolables en dones amb elevat risc

cardiovascular ni en dones post-menopausiques.

En resum, els resultats d’aquest primer treball permeten concloure que els efectes
del consum moderat de vi sobre el sistema vascular poden estar mediats, en part, per
la reduccio6 de les molécules d’inflamacié circulants, I'expressié de molécules d’adhesio
cel-lulars i 'adhesié monocit a I'endoteli. Aquests efectes saludables observats sobre
el consum moderat d’alcohol en forma de vi en dones mostren un benefici similar al
obtingut en estudis realitzats en homes. Sembla ser que tant la fraccié alcohdlica
(etanol) com la fraccié no alcoholica (polifenols) contribueixen conjuntament en els
efectes antiinflamatoris del consum moderat de begudes alcohdliques. En dones, el
consum moderat de vi negre té un efecte antiinflamatori superior al vi blanc
possiblement degut al major contingut en polifenols del vi negre. Aquestes dades
proporcionen una informacié addicional sobre el paper beneficiés de les begudes

alcoholiques en la prevencié de I'arteriosclerosi en dones.

Avaluat que el consum moderat de begudes alcohdliques amb elevat contingut en
polifenols exerceix un efecte antiinflamatori que pot contribuir en retardar el
desenvolupament de l'arteriosclerosi es va voler analitzar si les begudes alcoholiques

amb menor contingut en polifenols, com el cava, també sén immunomoduladores.

En el segon treball d’aquesta Tesi Doctoral es pretén avaluar els efectes del
consum moderat d’'una beguda amb un nivell mig en polifenols (cava) vers un nivell nul
(ginebra) en homes sans amb baix risc cardiovascular. El disseny d’estudi va ser
similar a I'anterior, és a dir, el periode d’intervencié consta de 4 setmanes intercalat

amb un periode de rentat (abstinéncia alcohdlica absoluta). En aquest treball es posa
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de manifest que el consum de 30g d’alcohol/dia s’associa amb una reduccié de
marcadors inflamatoris solubles (VCAM-1, E i P-selectina) i I'expressié de molécules
d’adhesioé cel-lulars (SLe*). No obstant, els efectes del cava sobre els biomarcadors

d’arteriosclerosi son significativament majors que els produits per la ginebra.

El cava i la ginebra es diferencien tant en el grau d’alcohol com en el contingut
polifenolic, és a dir, la ginebra és una beguda alcoholica (40% etanol) sense polifenols
mentre que el cava és una beguda alcoholica (12% etanol) amb un contingut mig en
polifenols (202 mg/L). Com que s’ha administrat la mateixa quantitat d’etanol en cada
intervencio, els majors efectes que es podrien detectar en el cava en comparacié amb

la ginebra serien deguts a I'efecte dels polifenols que hi conté.

Préviament, dades d’estudis clinics procedents del nostre grup dinvestigacio
revelen que el consum moderat de begudes alcoholiques amb alt contingut polifendlic
(vi negre) exerceixen un efecte antiinflamatori superior a les begudes alcoholiques
amb baix contingut polifendlic (ginebra) (Badia et al., 2004; Estruch et al., 2004).
Llavors, els efectes antiinflamatoris s’haurien d’atribuir a I'alt contingut polifenolic del vi
negre. Els resultats obtinguts en aquest estudi confirmen que el consum moderat de
cava, una beguda amb un contingut mig en polifenols, al igual que el vi negre és capac¢
de reduir la resposta inflamatodria que té lloc en la paret arterial durant I'inici del procés

arteriosclerotic.

Cal esmentar que aquest treball també té les mateixes limitacions al igual que
succeeix amb el primer treball en quan a compliment (dificil interpretacié clinica dels
resultats i dades no directament extrapolables a individus amb un factor de risc

cardiovascular elevat).

En resum, aquest treball suggereix que el consum moderat de begudes
alcohodliques amb un contingut polifendlic mig, com ara el cava, indueix una major
reduccié dels marcadors inflamatoris d’arteriosclerosi en comparacié amb les begudes
alcohodliques amb un contingut polifendlic inapreciable com la ginebra. Per tant, les
dades suggereixen que part de I'efecte protector de les begudes alcohdliques podria

estar, parcialment, mediat per la seva activitat antiinflamatoria en la paret vascular.

Després d’avaluar l'efecte antiinflamatori que exerceix el consum de begudes
alcoholiques amb contingut en polifenols, es volia analitzar si un aliment ric en
polifenols, com els solubles de cacau, també és immunomodulador. Per tant,
determinar si els polifenols tenen un efecte antiinflamatori enfront I'arteriosclerosi

independentment de la beguda o aliment en el quals estiguin presents.
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Paral-lelament, en la present Tesi Doctoral s’ha portat a terme un tercer treball
per determinar si un aliment ric en polifenols, com ara els solubles de cacau, té un
efecte negatiu en I'activacié del factor de transcripcié NF-kB, implicat en la patogénesi
de I'arteriosclerosi perqué regula I'expressié de molécules d’adhesié (ICAM-1, VCAM-1

i E-selectina), en individus sans amb baix risc cardiovascular.

El factor de transcripcié NF-kB, modulador de multiples gens implicats en el procés
d’'inflamacié, juga un paper essencial en la fisiopatologia de I'arteriosclerosi. Arrel
d’'aquest descobriment, el NF-kB és objecte d’estudi considerat, actualment, com la
diana terapéutica primordial per prevenir el desenvolupament de l'arteriosclerosi. Una
de les branques d’estudi esta direccionada en els possibles efectes inhibidors dels
polifenols de la dieta sobre l'activaci6 del NF-kB i concentracions de mediadors
inflamatoris. En humans, tot i que existeixen dades referents a I'efecte antiinflamatori
dels polifenols del vi i oli d’oliva sobre I'activacié del NF-kB (Blanco-Colio et al., 2000 i
2007; Bellido et al., 2004), no s’han avaluat estudis sobre I'efecte antiinflamatori dels

polifenols del cacau sobre I'activacié del NF-kB.

No obstant, existeix una gran controvérsia quan la matriu de diluci6 és la llet on
certs autors opinen que la llet és inndcua perd d’altres opinen tot el contrari (Leenen et
al., 2000; Lorenz et al., 2007). Cientificament, hi han pocs estudis sobre la influéncia
de la llet sobre els efectes beneficiosos del cacau. Per aquest motiu s’ha realitzat un
estudi agut sobre els efectes dels solubles de cacau utilitzant com a matriu I'aigua i la
llet amb I'objectiu d’investigar si la llet interfereix negativament o no sobre els possibles
efectes beneficiosos del consum de polifenols del cacau. Els resultats obtinguts en
aquest estudi suggereixen que I'efecte inhibidor sobre I'activacié del NF-kB (P<0.05) i
sICAM-1 (P=0.024) seria degut als polifenols continguts en els solubles de cacau,
sobretot, flavanols. Per tant, es podria atribuir al cacau propietats antiinflamatories.
Tanmateix, s’ha determinat un menor efecte en el cacau diluit amb llet respecte amb el
cacau diluit en aigua el qual podria ser degut a I'efecte negatiu dels lipids continguts

en la llet sencera perque els lipids sén una font d’activacié del NF-kB.

Com a mesura de biodisponibilitat dels polifenols del cacau administrats durant la
intervencio es va determinar la preséncia de marcadors polifenolics en plasma. A més,
la dieta realitzada pels voluntaris va estar monitoritzada en tot moment, per tant,

possibles variacions observades no poden ser resultat de la dieta.

La principal limitacié seria que aquest estudi avalua I'efecte agut del cacau i
caldria, també, realitzar un altre estudi per saber si I'efecte cronic es manté o no. A

més, els resultats no podrien ser aplicables a individus amb elevat risc cardiovascular,
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per tant, caldria realitzar més estudis on els individus inclosos fossin pacients amb un

elevat risc cardiovascular.

En resum, aquest tercer treball suggereix que el consum de solubles de cacau,
aliment ric en contingut polifendlic, podria conferir un efecte cardioprotector en interferir
en la via de transcripcié de gens inflamatoris depenent de NF-kB. Perd aquest efecte
seria menys intens quan la matriu usada és la llet. Per tant, el consum de solubles de
cacau podria contribuir en la prevencié de malalties inflamatories croniques com ara

I'arteriosclerosi.

Tots els treballs presentats, en conjunt, en aquesta memoria aporten diverses
evidéncies que suggereixen que els polifenols procedents de la dieta, com ara el
consum moderat de begudes alcohodliques i solubles de cacau, tenen un efecte
inhibidor sobre els marcadors d’inflamacié predictors d’arteriosclerosi. Per tant, els
polifenols de la dieta tindrien un efecte protector enfront el desenvolupament de
I'arteriosclerosi mitjangant la modulacié de la resposta inflamatoria que esdevé en la
paret vascular durant el procés de formacié de la placa d’ateroma. A més, segons el
contingut polifendlic de la beguda alcohodlica administrada, I'efecte cardioprotector sera

més o menys intens.
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Conclusions

CONCLUSIONS GENERALS

1. El consum moderat de begudes alcohdliques en homes i dones sanes amb
baix risc cardiovascular s’associa amb una reduccié de molécules d’adhesio i
altres marcadors d’inflamacié relacionats amb les fases inicials de

I’arteriosclerosi.

2. El consum moderat de begudes alcohodliques en dones fértils s’associa amb
una reduccié de I'adhesio entre mondcit i endoteli que és una de les primeres

etapes en la formacioé de la placa d’ateroma.

3. Els efectes immunomoduladors de les begudes alcohdliques so6n més

importants en aquelles que tenen un contingut més elevat en polifenols.

4. EIl consum agut de solubles de cacau també s’associa amb una reducci6 en els

mecanismes inflamatoris implicats en la formaci6 de la placa d’ateroma.

5. L’efecte anti-arteriosclerotic del consum moderat de begudes alcohdliques i
solubles de cacau sembla ser degut, en part, al seu efecte en la modulacié de

la resposta inflamatoria a la paret arterial.

CONCLUSIONS CONCRETES PER TREBALLS

1. Les dones amb baix risc cardiovascular que consumeixin alcohol a dosis
moderades (20g/dia) en forma de vi negre o vi blanc presenten una reduccio
significativa de I'expressio de molécules d’adhesié (limfocitaries i monocitaries)

i CD40 que participen en la formacié de la placa d’ateroma (Treball 1).

2. Les dones amb baix risc cardiovascular que consumeixin alcohol a dosis
moderades (20g/dia) en forma de vi negre o vi blanc presenten una reduccio
significativa de la concentraci6 de marcadors inflamatoris circulants que
participen en la formacié de la placa d’ateroma (CRP, molécules d’adhesid

endotelials, citosines, quimiosines i CD40L) (Treball 1).

3. Les dones amb baix risc cardiovascular que consumeixin alcohol a dosis
moderades (20g/dia) en forma de vi negre o vi blanc presenten una reducci6 de
I'adhesié dels monocits a I'endoteli estimulat amb TNF-a, la qual és significativa

després de consumir vi negre (Treball 1).
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10.

11.

L’efecte antiinflamatori és més intens després del consum de vi negre respecte
el consum de vi blanc el qual podria atribuir-se al seu elevat contingut en

polifenols (Treball 1).

En comparaci6 amb la ginebra, homes amb baix risc cardiovascular que
consumeixin cava a dosis moderades (30g/dia) presenten una major reduccio
significativa de I'expressié de molécules d’adhesié (limfocitaries i monocitaries)
i CD40 (Treball 2).

En comparaci6 amb la ginebra, homes amb baix risc cardiovascular que
consumeixin cava a dosis moderades (30g/dia) presenten una major reduccio
significativa de la concentraci6 de marcadors inflamatoris d’arteriosclerosi
circulants (CRP, molécules d’adhesié endotelials, citosines, quimiosines i
CDA40L) (Treball 2).

Les diferéncies entre els efectes del cava i la ginebra podrien ser atribuibles a

la preséncia de polifenols en el cava (Treball 2).

Es posa de manifest que l'acci6 protectora del cava es deguda tant al
component alcohdlic (etanol) com al component no alcohdlic (polifenols)
(Treball 2).

Individus amb baix risc cardiovascular amb un consum agut de 40g de solubles
de cacau diluits en aigua o llet presenten una reduccié significativa de
l'activacié del NF-kB, no obstant, I'efecte és més intens en preséncia d’aigua
(Treball 3).

Individus amb baix risc cardiovascular amb un consum agut de 40g de solubles
de cacau diluits en aigua o en llet presenten una reducci6 de la concentracié de
la molécula d’adhesi6 endotelial soluble ICAM-1, la qual és significativa quan la

matriu és l'aigua (Treball 3).

El menor efecte dels solubles de cacau diluits en llet respecte en aigua podria
ser atribuible a la preséncia de lipids en la llet que actuarien com a inductors de
'activacié del NF-kB, per tant, els efectes saludables dels solubles de cacau

contrarestarien els efectes negatius de la llet (Treball 3).



Conclusions

CONCLUSIO FINAL | RECOMANACIO

Aquesta Tesi Doctoral aporta evidéncia cientifica sobre els mecanismes cel-lulars i
moleculars a través dels quals el consum moderat de begudes alcohdliques i d’altres
aliments amb polifenols poden exercir un efecte protector contra I'arteriosclerosi en
retardar o evitar la formacié de la placa d’ateroma. Les dades donen credibilitat als
resultats dels estudis epidemioldgics previs i, a més, afegeixen informacio sobre els
mecanismes especifics mitjangcant els quals els polifenols exerceixen efectes

beneficiosos per a la salut.

Tot i que, en la present Tesi Doctoral s’han demostrat aquests efectes
beneficiosos del consum moderat d’alcohol, hem de recordar que aquest és toxic quan
es pren en quantitats elevades i que pot induir dependéncia en un percentatge no
despreciable d’individus. Per tant, considerem que NO es pot aconsellar beure
alcohol a les persones que siguin abstemis pel risc de que alguna d’elles caigui en la
situacié de dependéncia o consumeixin alcohol en excés. No obstant aixo, els
bevedors moderats d’alcohol se’ls ha d’aconsellar que continuin aquest habit perd
sense superar la dosis considerada saludable (fins a 30-40g d’alcohol/dia en homes i

10-20g d’alcohol/dia en dones), sempre i quan no hi hagin contraindicacions médiques.
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Diagnostic Performance of Urinary Resveratrol
Metabolites as a Biomarker of Moderate Wine
Consumption
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Background: Nutritional biomarkers may be better
measures of dietary exposure than self-reported dietary
data. We evaluated resveratrol metabolites, potential
biomarkers of wine consumption, in humans after mod-
erate consumption of sparkling, white, or red wines.
Methods: We performed 2 randomized, crossover trials
and a cohort study. In the first study, 10 healthy men
consumed 30 g of ethanol/day as sparkling wine or gin
for 28 days. In the second trial, 10 healthy women
consumed 20 g of ethanol/day as white or red wine for
28 days. We also evaluated 52 participants in a study on
the effects of a Mediterranean diet on primary preven-
tion of cardiovascular disease (the PREDIMED Study).
We used liquid chromatography-tandem mass spec-
trometry to analyze urinary total resveratrol metabolites
(TRMs) and predictive values and ROC curve analyses
to assess the diagnostic accuracy.

Results: We observed significant increases in TRMs
[72.4 (95% confidence interval, 48.5-96.2; P = 0.005),
211.5 (166.6-256.3; P = 0.005), and 560.5 nmol/g creati-
nine (244.9-876.1; P = 0.005)] after consumption of
sparkling, white, or red wine, respectively, but no
changes after the washout or gin periods. In the cohort
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study, the reported daily dose of wine consumption
correlated directly with TRMs (r = 0.654; P <0.001).
Using a cutoff of 90 nmol/g, we were able to use TRMs
to differentiate wine consumers from abstainers with a
sensitivity of 72% (60%—84%); and a specificity of 94%
(87%-100%).

Conclusions: Resveratrol metabolites in urine may be
useful biomarkers of wine intake in epidemiologic and
intervention studies.

© 2006 American Association for Clinical Chemistry

Epidemiologic studies have shown a negative correlation
between moderate wine consumption and cardiovascular
disease (1). In addition to ethanol, wine contains several
minor compounds, such as polyphenols, that contribute
to the differences observed between wine and distillates
(2,3). To date, no studies have been performed to deter-
mine biomarkers of wine consumption. Resveratrol
(3,5,4'-trihydroxystilbene) and piceid (resveratrol-3-O-f3-
glucoside) are phenolic compounds present mainly in
grapes and wine (4), and these compounds may have a
role in the prevention of cancer, cardiovascular disease
(1), and neurodegenerative diseases (5). In addition, they
may be useful as biomarkers of wine consumption.
Biomarkers for epidemiologic and clinical assays have
3 distinct advantages over dietary data obtained by food
frequency questionnaires (FFQs)’ (6, 7). One advantage is
that biochemical markers of the intake of some nutrients
are more precise than dietary assessment. Another advan-
tage is that dietary data obtained by FFQ are often
inadequate because of insufficient reporting of food com-

® Nonstandard abbreviations: FFQ, food frequency questionnaire; LC-MS/
MS, liquid chromatography-mass spectrometry; PPV, positive predictive
value; NPV, negative predictive value; CI, confidence interval; and TRMs, total
resveratrol metabolites.
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position. The third advantage is that biomarker analysis
provides a more proximal measure of specific nutrient
intake than do FFQ data because it is an integrated
measure of the bioavailability and metabolism of the
component.

Recent advances in analytical techniques have im-
proved the effectiveness and expanded the possibilities of
biomarker analyses. Tandem mass spectrometry increases
the sensitivity and selectivity of measurement of the
metabolites of some nutrients (8, 9). Resveratrol metabo-
lites could be the best nutritional biomarkers for wine
consumption because trans-resveratrol-3-O-glucuronide
has been reported to be the main resveratrol metabolite in
human blood (10), urine (11), LDL (12), and target organs
(13). Other phenolic metabolites previously used as bio-
markers of food consumption include 4'-O-methylgallic
acid (the main gallic acid metabolite) for tea (14), isoferu-
lic acid for coffee (14), and isoflavonoids for soy (15).

The aim of this study was to determine the concentra-
tions of resveratrol metabolites in blood and urine in 2
different studies after 4 weeks of wine consumption and
to evaluate their usefulness as potential biomarkers of
wine intake in intervention studies. In addition, we ana-
lyzed baseline data from a cohort included in a large
intervention study to assess the diagnostic performance of
this biomarker in real-life conditions.

Material and Methods
STUDY PARTICIPANTS
Clinical trials. The 2 intervention studies were open, pro-
spective, randomized, crossover, single-blinded clinical
trials.

The sparkling wine study (January to June 2005) in-
cluded 10 healthy men [mean (SD) age, 28.2 (7.3) years;
body mass index, 25.2 (1.3) kg/m?], and the wine study
(September to December 2004) included 10 healthy
women [mean (SD) age, 38.1 (9.2) years; body mass index,
24.1 (4.0) kg/m?]. All participants in both studies were
healthy, and none reported any prior relevant disease.

COHORT STUDY

The PREDIMED (PREvencion con Dleta MEDiterrdnea)
Study is a large, parallel group, multicenter, controlled,
randomized 4-year clinical trial aimed at assessing the
effects of the Mediterranean diet on the primary preven-
tion of cardiovascular disease (http://www.predimed.
org). In the present study, we analyzed the baseline data
of 52 consecutively admitted trial participants (30 men
and 22 women admitted April to July 2005). Exclusion
and inclusion criteria have been described previously by
Estruch et al. (16). Twenty-nine participants (55.8%) re-
ported a mean (SD) daily intake of 118.3 (112.3) mL of
wine. Seven (13.5%) reported intermittent drinking,
mostly during weekends, consuming a mean of 98.0 (28.7)
mL of wine per week, and 16 participants (30.7%) did not
drink. All but 2 (93%) of the daily drinkers reported to
preferentially consume red wine, although 24% also re-

Zamora-Ros et al.: Resveratrol Metabolites as Biomarker of Wine Consumption

ported drinking lower amounts of white wine and spar-
kling wine. The Institutional Review Board of the Hospi-
tal Clinic of Barcelona approved the 3 study protocols,
and written informed consent was obtained from each
participant.

STUDY DESIGN

Clinical trials. Both studies were carried out over a 16-
week period. During the first 4 weeks, the participants did
not drink any alcoholic beverages (first washout period).
During the next 4 weeks, they underwent the first inter-
vention, after which they underwent a second 4-week
washout period. During the final 4 weeks, the participants
underwent the second intervention.

In the sparkling wine study, the interventions con-
sisted of the intake of 30 g of ethanol/day as sparkling
wine (300 mL/day) or as gin (100 mL/day) in a random
order during dinner. In the wine study, the volunteers
consumed 20 g of ethanol/day as red wine (200 mL/day)
or white wine (200 mL/day), also in a random order
during dinner.

In both studies, diet was monitored before and after
each intervention period by use of a 3-day food-and-drink
recall questionnaire, which had been validated previously
in our country (17). We converted the reported consump-
tion into nutritional data with the Professional Diet Bal-
ancer software (Cardinal Health Systems, Inc.). The clin-
ical investigators and laboratory technicians did not know
the sequence of the intervention.

Reports from the participants and the number of empty
bottles returned showed adherence. We did not observe
significant differences between nutrient intake, anthropo-
metric variables, and energy expended in physical activity
before and after the evaluated interventions.

Urine and serum samples were collected the morning
after the interventions and washout periods after over-
night fasting and were coded with random numbers and
stored at —80 °C until analyses, which were performed
with no knowledge of the clinical data.

Cohort study. At baseline, participants completed a 137-
item validated FFQ (18) and the validated Spanish ver-
sion (19) of the Minnesota Leisure Time Physical question-
naire. Data collected included information on drinking
habits, such as amount, frequency, and type of alcohol
intake. We took samples of fasting blood and morning
urine from all participants. Energy and nutrient intakes
were calculated from Spanish food composition tables
(20). Urine samples were coded and stored at —80 °C
until analyses. The clinical investigators and laboratory
technicians were blinded to clinical data.

Reported daily consumption of the key food items and
nutrients, as well as estimated energy expenditure from
physical activity, were similar in the participants who
drank wine daily, those who drank intermittently, and
those who did not drink any kind of wine.
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MEASUREMENT OF TOTAL RESVERATROL IN

BEVERAGES BY HPLC WITH A DIODE ARRAY DETECTOR
We concentrated 5 mL of sparkling wine, white wine, or
gin, under reduced pressure and protected against expo-
sure to ultraviolet light, to a final volume of 2 mL. Wines
were injected directly into the HPLC according to the
previously described method (21 ). Results are reported as
milligrams of total resveratrol consumed per day.

QUANTIFICATION OF RESVERATROL METABOLITES

FROM HUMAN SAMPLES

We used liquid chromatography—-tandem mass spectrom-
etry (LC-MS/MS) as described elsewhere (12) to analyze
resveratrol metabolites extracted from urine and serum
samples by solid-phase extraction. Briefly, urine samples
(5 mL) were loaded on Oasis HLB cartridges (60 mg;
Waters) that had been equilibrated. The cartridges were
washed, and resveratrol metabolites were eluted with
acidified methanol solution and ethyl acetate. The organic
extract was evaporated under N,. The samples were
redissolved with 100 uL of the mobile phase used for the
LC initial conditions with taxifolin as internal standard
and then analyzed in the LC-MS/MS system.

We identified and quantified resveratrol metabolites in
urine and serum with an LC system (Perkin-Elmer s200)
coupled to a triple-quadrupole mass spectrometer (API
3000; Perkin-Elmer Sciex) as described elsewhere (12).
The intra- and interassay CVs for trans-resveratrol were
2.4% and 4.8%, respectively, and the analyses were per-
formed in duplicate. All results for urinary resveratrol
metabolites were corrected for urinary creatinine and are
reported as nanomoles per gram of creatinine in the
morning urine (11, 12). Urinary creatinine was assayed
with the standard Jaffe (alkaline picrate) kinetic method
(22). Serum (500 pL) was treated with 20 pL of ortho-
phosphoric acid, vortex-mixed for 1 min, and processed
by the same procedure.

STATISTICAL ANALYSIS

We used the standard statistical methods of the SPSS
Statistical Analysis System, Ver. 11.5 (SPSS). Descriptive
statistics with the mean (SD) were used for the baseline
characteristics of the participants. Because the data were
skewed (Kolmogorov and Levene tests), we used the
Wilcoxon test for related samples to compare changes
in outcome variables in response to each intervention
period in both clinical trials. To exclude the presence of a
carryover effect, we compared the observed outcome
variables before both intervention periods. To compare
groups in the cohort study, we used the 2-tailed t-test and
ANOVA when indicated. We used Pearson correlations to
examine associations between wine consumption and
urinary excretion of resveratrol metabolites. To assess the
accuracy of urinary resveratrol metabolite measurement
for differentiating between wine consumers and noncon-
sumers, we calculated the sensitivity, specificity, positive
(PPV) and negative predictive values (NPV), the likeli-
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hood ratio, and the ROC curve for the 2 randomized,
crossover trials and the cohort study. With ROC curve
analysis, we calculated a cutoff point that provided opti-
mized sensitivity and specificity for the identification of
wine consumers. Within- and between-group differences
are expressed as means and 95% confidence intervals
(CIs). All statistical tests were 2-tailed, and the signifi-
cance level was 0.05.

Results
RESVERATROL CONCENTRATIONS IN BEVERAGES
The amount of total resveratrol consumed per day in the
clinical trials was 0.357, 0.398, and 2.56 mg for sparkling,
white, and red wine, respectively. The content of resvera-
trol in gin was below the detection limits.

CLINICAL TRIALS

Sparkling wine study. After 28 days of dietary supplemen-
tation with 300 mL/day of sparkling wine, cis- and
trans-resveratrol-3-O-glucuronides were found in the
urine of all participants, whereas only very low concen-
trations of these metabolites were detected in the urine
after the washout periods and the gin period. The mean
concentrations of resveratrol metabolites in urine before
and after each intervention are shown in Fig. 1. The
amount of total resveratrol metabolites (TRMs) identified
in this study increased by 72.4 nmol/g (95% CI, 48.5-96.2
nmol/g; P = 0.005) after sparkling wine consumption,
whereas the concentration of these metabolites did not
vary significantly after the gin period (Fig. 1). The order of
interventions did not affect the results. No positive results
were obtained when urine was checked for resveratrol
aglycone, piceid, and sulfoconjugates. Serum concentra-
tions of resveratrol and its metabolites were below the
limits of detection in all participants evaluated.

White and red wine study. After 28 days of dietary supple-
mentation with white or red wine (200 mL/day), trans-
and cis-resveratrol-3-O-glucuronide were found in the
urine of all participants, whereas only very low concen-
trations of these metabolites were detected in urine after
the washout periods (Fig. 2). According to the TRM
results, both metabolites increased by 211.5 nmol/g (95%
Cl, 166.6-256.3 nmol/g; P = 0.005) after white wine
consumption and by 560.5 nmol/g (244.9-876.1 nmol/g;
P = 0.005) after red wine intake. The differences between
the changes observed after white and red wine intake
significantly favored red wine [349.6 nmol/g (86.8—612.3
nmol/g); P = 0.005]. For all participants, no free resvera-
trol, piceid, or sulfoconjugates were detected in the urine,
and resveratrol and its metabolites were below the limits
of detection in serum.

BOTH CLINICAL TRIALS

We used ROC curves to assess the effectiveness of urinary
resveratrol metabolite measurement as a biomarker for
wine intake. The optimal cutoff point was 90 nmol/g,



1376

180
160 -

140 |
Fig. 1. Concentrations of urinary resveratrol gluc-
uronides after washout period 1, sparkling wine
intervention, washout period 2, and gin intervention.
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inine. Values are the means (SD; error bars) of duplicate
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resveratrol-3-glucuronide; [], cis-resveratrol-3-glucuronide;
M, total resveratrol glucuronides. Significant differences:
#, P <0.05; =x, P = 0.005 for difference from results
obtained during the previous washout period (Wilcoxon
test).
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which allowed differentiation of the washout and gin
periods from the wine periods (Fig. 3): area under the
curve = 0.985 (95% CI, 0.928-0.999); sensitivity = 93%
(88%-99%); specificity = 98% (94%-100%); likelihood
ratio = 46.7 (35.8-57.6); PPV = 95.6% (91.1%-100%);
NPV = 85.3% (77.5%-93.1%).

COHORT STUDY

Participants who reported wine consumption had signif-
icantly higher urinary concentrations of trans- and cis-
resveratrol-3-O-glucuronide than those who did not con-
sume wine (Fig. 4). The mean (SD) urinary TRM
concentration was 282.7 (305.2) nmol/g for participants
who reported moderate daily wine consumption, a value
that differed significantly from that measured in those
who did not consume wine [mean difference, 242.2
nmol/g (95% CI, 125.0-359.3 nmol/g); P = 0.001] and
those who consumed wine intermittently [171.4 nmol/g
(44.5-298.2 nmol/g); P = 0.01; Fig. 3]. Mean (SD) urinary
TRM concentrations were 111.3 (69.1) nmol/g for partici-
pants who reported intermittent wine consumption, a

1200

1000
Fig. 2. Concentrations of urinary resveratrol gluc-
uronides after washout period 1, white wine inter-
vention, washout period 2, and red wine interven-
tion.

Results are expressed as nmol of trans-resveratrol/g creat-
inine. Values are the means (SD; error bars) from duplicate
measurements of samples from 10 volunteers. [, trans-
resveratrol-3-glucuronide; [], cis-resveratrol-3-glucuronide;
M, total resveratrol glucuronides. Significant differences:
#, P <0.05; #, P = 0.005 for differences from results
obtained during the previous washout period (Wilcoxon
test); #, P = 0.005 for difference from values after white
wine intake (Wilcoxon test).

800

600

400

trans-resverarol (nmolfg creatinine)
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*%

sparkling wine washout 2 gin

value that differed from the concentration observed in
abstainers [70.8 nmol/g (6.4-135.2 nmol/g); P = 0.035].
The reported daily wine consumption correlated directly
with urinary concentrations of resveratrol glucuronides
(r = 0.654; P <0.001).

The cutoff of 90 nmol/g enabled differentiation of
moderate wine drinkers from those who did not drink
wine with an area under the ROC curve (Fig. 5) of
0.863 (95% CI, 0.739-0.942), a sensitivity of 72% (60%—
84%), a specificity of 94% (87%-100%), a PPV of 96.4%
(91.3%-100%), an NPV of 59.1% (45.7%-72.5%), and a
likelihood ratio of 11.6 (2.9-20.3). The percentage of false
negatives was higher in those who consumed wine inter-
mittently than in those who consumed it daily (43% and
24%, respectively); consequently, the sensitivity was
higher in those who consumed moderate amounts of wine
daily (76%) than in those who consumed wine intermit-
tently (57%).

In all participants, no free resveratrol, piceid, or sulfocon-
jugates were detected in the urine, and resveratrol and its
metabolites were below the limit of detection in the serum.

*k T **#

white wing washout 2 red wing
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Fig. 3. ROC curve of urinary TRM concentrations for wine consumption
periods vs washout and gin consumption periods in the clinical
studies.

Discussion

An ideal biomarker should be specific, have an adequate
half-life, and provide good correlation between the mea-
sured value and exposure (7). The results of the current
study indicate that resveratrol metabolites fulfill the cri-
teria to be considered as a biomarker of wine intake.

The 2 intervention clinical trials, which included men
and women, allowed assessment of a urinary concentra-
tion of resveratrol metabolites of 90 nmol/g as a cutoff to
differentiate wine drinkers from non-wine drinkers: this
cutoff had a sensitivity and specificity >90% and a PPV
>95%. The usefulness of this biomarker was then tested
in a cohort of 52 consecutively admitted participants in a
large-scale feeding clinical trial, the PREDIMED Study. In
real-life conditions, this biomarker had a sensitivity of
73%, a specificity of 93%, and a PPV of 96%. However, the
NPV was 60% because of a high percentage of false
negatives among intermittent drinkers. Thus, urinary
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Fig. 5. ROC curve of urinary TRM for discrimination of wine consumers
from non-wine consumers in the PREDIMED Study.

Sensitivity
\

concentrations of resveratrol metabolites are particularly
useful as biomarkers of wine intake for moderate and
regular drinkers, just as other phenolic compounds have
been shown to be useful biomarkers for the intake of
fruits, vegetables, tea, or coffee (14,23). We selected
resveratrol as a marker of wine intake because it is a
characteristic polyphenol of grape and wine products.
Although a few other foods contain resveratrol (24-27),
the quantities in those foods are much lower than those
observed in grape and wine products (4, 21, 28).
Resveratrol metabolites were detected in morning
urine after moderate and regular wine intake. Resveratrol
metabolism has been investigated extensively in preclin-
ical studies using animals (11, 29, 30), but few studies
have been performed in humans (10, 12, 30-33). In the
current trials, resveratrol intake ranged from 0.0040
mg/kg (0.35 mg of total resveratrol) for those who drank
sparkling wine to 0.041 mg/kg (2.56 mg of total resvera-
trol) for those who consumed red wine; these values are

*hkf
Fig. 4. Concentrations of urinary resveratrol glucu-
ronides among non-wine consumers, intermittent
consumers, and moderate daily consumers.

Results are expressed as nmol of trans-resveratrol/g creat-
inine. Values are the means (SD; error bars) from 52
participants. [], trans-resveratrol-3-glucuronide; [, cis-res-
veratrol-3-glucuronide; M, sum of the resveratrol glucu-
ronides. Significant differences: *, P <0.05; %, P <0.01;
sxx, P <0.001 for difference from results obtained for
samples from non-wine consumers (unpaired ttest). #, P
<0.01 for difference from values for intermittent wine
consumers (unpaired ttest).

maoderate daily consumer
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similar those reported in the literature (10,30). These
amounts cover the usual range of resveratrol intake from
wine products (34, 35). To achieve high amounts of res-
veratrol, supplements must be taken (36). In the current
trials, we were able to identify resveratrol metabo-
lites in urine ~10 h after moderate intake of sparkling
wine. Meng et al. (30) did not detect any resveratrol
metabolites in the urine of volunteers after a comparable
single dose of resveratrol, but the authors were able to
quantify resveratrol metabolites in urine samples after a
higher single dose (0.014 mg/kg). Because the accumula-
tion of a metabolite increases after several days of inges-
tion (6, 37), our results suggest that urine analysis may be
useful for determining regular wine intake. The metabol-
ically active compounds could enter the urine when their
concentrations in plasma increase and exceed the relevant
renal threshold (38). Taking into account the bioactivity of
wine phenols and comparing a single dose vs regular and
moderate intake, Fisher and Hollenberg (39) observed an
increased vascular response indicated by endothelial ni-
tric oxide release over time. Furthermore, inclusion of
resveratrol intake in a complex meal could increase or
decrease the bioavailability of polyphenols (40).

We also observed interindividual variability in our
intervention studies (Figs. 1 and 2). Similar results have
been described previously for resveratrol in LDL particles
(12), anthocyanins (41), isoflavones (42), and olive oil
phenols such as tyrosol and hydroxytyrosol (43). Despite
this variability among individuals, however, we observed
a highly significant correlation between wine intake and
urinary concentrations of the metabolites. Higher concen-
trations of resveratrol metabolites were found after higher
resveratrol intake (when red wine was consumed). Like-
wise, a lower concentration of resveratrol metabolites was
found after lower resveratrol intake (sparkling or white
wine). After the washout periods as well as after gin
intervention, very low concentrations of resveratrol gluc-
uronide were detected in urine, possibly from previous
intake of food with very low resveratrol content or
interference from compounds with a similar structure,
such as estrogens. Similar results have been observed
after washout periods in studies investigating quercetin
(44) and other polyphenols (45), as well as for hydroxy-
tyrosol, a metabolite of dopamine, in an study of olive oil
(46). Mean (SD) TRM concentrations did not differ signif-
icantly in response to various periods of no wine intake in
our studies [43.4 (23.5), 51.5 (36.1), and 40.5 (33.6) nmol/g
for sparkling, white, and red wine, respectively] as part of
the larger PREDIMED Study.

Urinary resveratrol glucuronide is the main metabolite
of resveratrol in humans (~97%) (30-32) and rodents
(>90%) (29, 30), except in the study by Walle et al. (40%)
(33). In studies of low resveratrol intake, only the glucu-
ronidate form was detected (30). In the current studies, 2
monoglucuronides, trans- and cis-resveratrol-3-O-gluc-
uronide, were identified after moderate wine consump-
tion, findings similar to those of previous studies (11, 47).

Zamora-Ros et al.: Resveratrol Metabolites as Biomarker of Wine Consumption

Resveratrol sulfates were not detected in morning urine
after wine intake. However, further investigation is
needed in this regard. The sulfate form has been reported
in human urine after administration of high resveratrol
doses (33). In other studies, the free form of resveratrol
was not detected in human urine after moderate wine
consumption but was found after high doses were con-
sumed (31, 32).

In the present study, resveratrol metabolites were also
measured in serum. In these samples, however, no res-
veratrol metabolites were detected an average of 10 h after
the consumption of wine. In previous studies, resveratrol
has been detected in plasma after a minimum resveratrol
intake of 0.357 mg/kg in a single dose (31, 32). Further-
more, the half-life of resveratrol in human plasma is 2 h,
with the highest concentrations being recorded at 30 min
(31,32). Thus, plasma concentrations of resveratrol are
not a useful marker for regular intake because plasma
concentrations increase only after very recent intake.

In summary, we identified resveratrol metabolites in
human urine after moderate wine intake, suggesting that
these metabolites can be used as a biomarker of moderate
wine intake in regular drinkers. This biomarker can also
be used to exclude moderate wine drinking in abstainers
but may be less effective in intermittent drinkers. There-
fore, resveratrol metabolites may be used as a measure
of compliance in interventional studies as well as an
objective measure of wine consumption in epidemiologic
studies.
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Background: The Mediterranean diet has been shown to have
beneficial effects on cardiovascular risk factors.

Objective: To compare the short-term effects of 2 Mediterranean
diets versus those of a low-fat diet on intermediate markers of
cardiovascular risk.

Design: Substudy of a multicenter, randomized, primary prevention
trial of cardiovascular disease (Prevencién con Dieta Mediterranea
[PREDIMED] Study).

Setting: Primary care centers affiliated with 10 teaching hospitals.

Participants: 772 asymptomatic persons 55 to 80 years of age at
high cardiovascular risk who were recruited from October 2003 to
March 2004.

Interventions: Participants were assigned to a low-fat diet (n =
257) or to 1 of 2 Mediterranean diets. Those allocated to Medi-
terranean diets received nutritional education and either free virgin
olive ail, 1 liter per week (n = 257), or free nuts, 30 g/d (n = 258).
The authors evaluated outcome changes at 3 months.

Measurements: Body weight, blood pressure, lipid profile, glucose
levels, and inflammatory molecules.

Results: The completion rate was 99.6%. Compared with the
low-fat diet, the 2 Mediterranean diets produced beneficial changes

in most outcomes. Compared with the low-fat diet, the mean
changes in the Mediterranean diet with olive oil group and the
Mediterranean diet with nuts group were —0.39 mmol/L (95% ClI,
—-0.70 to—0.07 mmol/L) and —0.30 mmol/L (CI, —0.58
to — 0.01 mmol/L), respectively, for plasma glucose levels; —5.9
mm Hg (Cl, —8.7 to —3.1 mm Hg) and — 7.1 mm Hg (Cl, —10.0
to —4.1 mm Hg), respectively, for systolic blood pressure;
and —038 (ClI, —055 to—0.22) and — 026 (Cl, —0.42
to —0.10), respectively, for the cholesterol-high-density lipoprotein
cholesterol ratio. The Mediterranean diet with olive oil reduced
C-reactive protein levels by 0.54 mg/L (Cl, 1.04 to 0.03 mg/L)
compared with the low-fat diet.

Limitations: This short-term study did not focus on clinical out-
comes. Nutritional education about low-fat diet was less intense
than education about Mediterranean diets.

Conclusion: Compared with a low-fat diet, Mediterranean diets
supplemented with olive oil or nuts have beneficial effects on
cardiovascular risk factors.

Ann Intern Med. 2006;145:1-11.

For author affiliations, see end of text.
International Standard Randomized Controlled Trial Number (ISRCTN):
35739639.

*For a list of additional PREDIMED Study Investigators, see the Appendix,
available at www.annals.org.
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Cardiovascular disease is the main cause of death in
industrialized countries, but incidence rates have
marked geographic differences. The low incidence of cor-
onary heart disease (CHD) in Mediterranean countries has
been partly ascribed to dietary habits (1-3). Recent find-
ings from large European cohort studies (4—6) suggest that
a high degree of adherence to the Mediterranean diet is
associated with a reduction in mortality. In small clinical
studies, the Mediterranean diet or some of its components
have reduced blood pressure (7) and have improved lipid
profiles (8, 9) and endothelial function (10). Moreover, a
recent cross-sectional study (11) and a 2-year feeding trial
(12) have shown that adherence to the Mediterranean diet
is associated with reduced markers of vascular inflamma-
tion. These beneficial effects on surrogate markers of car-
diovascular risk add biological plausibility to the epidemi-
ologic evidence that supports a protective effect of the
Mediterranean diet.

Olive oil, a rich source of monounsaturated fatty acids,
is a main component of the Mediterranean diet. Virgin
olive oil retains all the lipophilic components of the fruit,
a-tocopherol, and phenolic compounds with strong anti-
oxidant and anti-inflammatory properties (13, 14). Tree

nuts, which are also typical in the Mediterranean diet, have
a favorable fatty acid profile and are a rich source of nutri-
ents and other bioactive compounds that may beneficially
influence the risk for CHD, such as fiber, phytosterols,
folic acid, and antioxidants (15). Frequent nut intake has
been associated with decreased CHD rates in prospective
studies (15). Walnuts differ from all other nuts through
their high content of polyunsaturated fatty acids, particu-
larly a-linolenic acid, a plant n-3 fatty acid (16), which
may confer additional antiatherogenic properties (17).
Therefore, we designed a large-scale feeding trial in high-
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Context

Some experts attribute a low incidence of heart disease in
Mediterranean countries to dietary habits.

Contribution

In this multicenter, 3-group trial, investigators randomly
assigned 772 adults at high risk for cardiovascular disease
to a low-fat diet or to a Mediterranean diet supplemented
with either virgin olive oil (1 L per week) or nuts (30 g per
day). After 3 months, the Mediterranean diet groups had
lower mean plasma glucose level, systolic blood pressure,
and total cholesterol-high-density lipoprotein cholesterol
ratio than the low-fat diet group.

Cautions

The Mediterranean diet groups received more nutritional
education than the low-fat diet group.

Implications

Mediterranean diets supplemented with olive oil or nuts
may improve cardiovascular risk factors.

—The Editors

risk participants to assess the effects of 2 Mediterranean
diets, one supplemented with virgin olive oil and the other
supplemented with mixed nuts, compared with a low-fat
diet on cardiovascular outcomes. We report the results of a
3-month intervention on intermediate markers of cardio-
vascular risk in the first 772 participants who were re-
cruited into the trial.

MEeTHODS
Study Design

The Prevencién con Dieta Mediterrdnea (PREDIMED)
Study is a large, parallel-group, multicenter, randomized,
controlled, 4-year clinical trial that aims to assess the effects
of the Mediterranean diet on the primary prevention of
cardiovascular disease (www.predimed.org). An estimated
9000 high-risk participants (>5000 participants are al-
ready recruited) will be assigned to 3 interventions: Medi-
terranean diet with virgin olive oil, Mediterranean diet
with mixed nuts, or low-fat diet. The main outcome is an
aggregate of cardiovascular events (cardiovascular death,
nonfatal myocardial infarction, or nonfatal stroke). The
anticipated completion date of the trial is December 2010.

We designed our present study to assess the 3-month
effects of the dietary interventions on surrogate markers of
cardiovascular risk in participants entering the study dur-
ing the first 6 months of recruitment. The institutional
review boards of the 10 participating centers approved the
study protocol.

Participants and Recruitment
From October 2003 to March 2004, we selected 930
potential participants in primary care centers affiliated with
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10 teaching hospitals across Spain. Eligible participants
were community-dwelling men, 55 to 80 years of age, and
women, 60 to 80 years of age, who fulfilled at least 1 of 2
criteria: type 2 diabetes or 3 or more CHD risk factors
(current smoking, hypertension [blood pressure >140/90
mm Hg or treatment with antihypertensive drugs], low-
density lipoprotein [LDL] cholesterol level =4.14 mmol/L
[=160 mg/dL] [or treatment with hypolipidemic drugs],
high-density lipoprotein [HDL] cholesterol level =1.04
mmol/L [=40 mg/dL], body mass index [BMI] =25 kg/
m?®, or a family history of premature CHD). Exclusion
criteria were history of cardiovascular disease, any severe
chronic illness, drug or alcohol addiction, history of allergy
or intolerance to olive oil or nuts, or low predicted likeli-
hood of changing dietary habits according to the stages-of-
change model (18).

The primary care physicians based participants’ eligi-
bility on review of clinical records and a screening visit.
They obtained a list of candidates from computer-based
records of patients who attended each participating center
and reviewed their clinical records to exclude those who
did not meet eligibility criteria. They then invited suitable
candidates by telephone to attend a screening visit. The
visit included an interview with administration of a 26-
item questionnaire to inquire about medical conditions
and risk factors related to eligibility. Of the eligible candi-
dates who met entry requirements, 95% agreed to partici-
pate and provided informed consent.

Randomization and Intervention

After the screening visit, each center randomly as-
signed eligible participants to 1 of 3 diet groups by using a
computer-generated random-number sequence. The coor-
dinating center constructed the randomization table, and
participants were randomly assigned into blocks of 50 par-
ticipants balanced by center, sex, and age group (<70 years
and =70 years). We concealed allocation into the interven-
tion groups by using closed envelopes with correlative
numbers by prespecified subgroups of sex and age.

The baseline examination included the administration
of a 14-item questionnaire, an extension of a previously
validated questionnaire (19), that assessed the degree of
adherence to the traditional Mediterranean diet. We as-
signed values of 0 or 1 to each item (Appendix Table 1,
available at www.annals.org). We also administered a 137-
item validated food frequency questionnaire (20); the val-
idated Spanish version (21) of the Minnesota Leisure Time
Physical Activity Questionnaire; and a 47-item question-
naire about education, lifestyle, history of illnesses, and
medication use. We performed anthropometric and blood
pressure measurements and obtained samples of fasting
blood and spot urine. We repeated all examinations at 3
months.

The same dietitian delivered the interventions to the 3
randomized groups in each center. On the basis of the
assessment of individual Mediterranean diet scores, the di-
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etitian gave personalized dietary advice during a 30-minute
session to each participant, with recommendations on the
desired frequency of intake of specific foods. We advised
participants who were allocated to the low-fat diet to re-
duce intake of all types of fat, and we gave them a leaflet
with written recommendations according to the American
Heart Association guidelines (22). For total fat intake,
these recommendations were opposite to those given to
participants in the 2 Mediterranean diet groups, who re-
ceived instructions intended to increase the 14-item Med-
iterranean diet score, including increased consumption of
vegetable fats and oils. We did not suggest any energy
restriction.

While the participants who were allocated to the low-
fat diet did not receive further intervention, those assigned
the 2 Mediterranean diet groups had access to more intense
intervention in 2 ways. First, they were given a free provi-
sion of typical Mediterranean fatty foods (olive oil or nuts).
Depending on group assignment, participants were given
either free virgin olive oil (15 L [1 L/wk] for 3 months) or
free sachets of walnuts, hazelnuts, and almonds (1350 g of
walnuts [15 g/d], 675 g of hazelnuts [7.5 g/d], and 675 g
of almonds [7.5 g/d] for 3 months). To improve adherence
and account for family needs, participants in the corre-
sponding Mediterranean diet groups were given excess ol-
ive oil or additional 1000-g packets of nuts. We analyzed
the nutrient composition of the olive oil and nuts used in

Mediterranean Diet and Cardiovascular Risk Factors | ARTICLE

the study by standard methods in a reference laboratory
(Appendix Table 2, available at www.annals.org). Second,
1 week after inclusion, the dietitian delivered a 1-hour
group session with up to 20 participants, with separate
sessions for each Mediterranean diet group. Each group
session consisted of informative talks and provision of writ-
ten materials with elaborate descriptions of typical Medi-
terranean foods and seasonal shopping lists, meal plans,
and cooking recipes. Throughout the study, all participants
had free and continuous access to their center dietitian for
advice and consultation.

Measurements

Trained personnel measured weight and height by us-
ing calibrated scales and a wall-mounted stadiometer, re-
spectively; waist circumference midway between the lowest
rib and the iliac crest by using an anthropometric tape; and
blood pressure in triplicate with a validated semiautomatic
oscillometer (Omron HEM-705CP, Hoofddorp, the
Netherlands). We calculated energy and nutrient intake
from Spanish food composition tables (23). At the
3-month visit and when consulted by participants, dieti-
tians assessed any adverse effects from the interventions by
administering a checklist of symptoms and gave advice on
how to remedy them. The checklist included mouth symp-
toms; bloating, fullness, or indigestion; altered bowel habit;
and any other diet-related symptom.

Figure 1. Study flow diagram.

Assessed for eligibility (n = 930)

Not eligible (n = 158)
Did not meet inclusion criteria: 86
Declined to participate: 33
Could not change diet: 18
Had chronic alcoholism: 14
Had gastrointestinal disease: 4
Had food allergies: 3

(n=772)

Randomly assigned

!

|

Mediterranean-
style diet + virgin
olive oil (n = 257)

Mediterranean-
style diet + mixed
nuts (n = 258)

Low-fat diet
(AHA guidelines)
(n =257)

Excluded (did not
tolerate nuts) (n = 1)

>

Excluded (n = 2)
Declined follow-up: 1
Breast cancer: 1

Evaluable participants
at 3 mo (n = 257)

Evaluable participants
at 3 mo (n = 257)

Evaluable participants
at 3 mo (n = 255)

AHA = American Heart Association.
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Table 1. Baseline Characteristics*

Characteristic

(n = 257)
Mean (SD) age, y 68.6 (6.9)
Men, n (%) 102 (40)
Family history of CHD, n (%) 63 (24)
Current smokers, n (%) 37 (14)
Mean (SD) BMI, kg/m?+ 29.7 (4.1)
Overweight or obese (BMI =25 kg/m?), n (%) 232 (90)
Type 2 diabetes mellitus, n (%) 143 (56)
Hypertension, n (%) 199 (77)
Dyslipidemia, n (%) 165 (64)
Medications, n (%)
ACE inhibitors 108 (42)
Diuretics 93 (36)
Other antihypertensive agents 60 (23)
Statins 104 (41)
Other lipid-lowering agents 18 (7)
Insulin 16 (6)
Oral hypoglycemic drugs 89 (35)
Aspirin or other antiplatelet drugs 44 (17)
Occupation, n (%)
Unskilled 59 (23)
Skilled, manual 99 (39)
Skilled, nonmanual 59 (23)
Directive and professional 40 (15)
Education level, n (%)
Primary school 189 (74)
First-degree high school 39 (15)
High school or university 28 (11)

Mediterranean Diet
with Virgin Olive Oil

Mediterranean Diet Recommended
with Mixed Nuts Low-Fat Diet
(n = 258) (n = 257)
68.5 (6.2) 69.5 (6.1)
128 (50) 109 (42)
55 (21) 60 (23)
50 (19) 40 (15)
29.4 (4.1) 30.2 (4.3)
233 (90) 231 (90)
129 (50) 149 (58)
193 (75) 213 (83)
171 (66) 179 (70)
118 (46) 114 (44)
85 (33) 93 (36)
43 (16) 57 (22)
115 (45) 107 (42)
19 (7) 14 (5)
24 (9) 21(8)
93 (36) 100 (39)
49 (19) 45 (18)
59 (23) 61 (24)
99 (38) 90 (35)
54 (21) 59 (23)
46 (18) 47 (18)
180 (70) 185 (72)
44 (17) 43 (17)
34 (13) 29 (1)

* ACE = angiotensin-converting enzyme; BMI = body mass index; CHD = coronary heart disease.

t Calculated as weight in kg divided by height in m>.

Samples of serum, EDTA plasma, and urine were
coded, were shipped to central laboratories, and were
stored at —80 °C until assay. The clinical investigators and
laboratory technicians were blinded to the interventions.
Analytes determined for each participant in frozen samples
of whole serum or plasma as appropriate were blood glu-
cose level by the glucose—oxidase method; serum insulin
level by radioimmunoassay; cholesterol and triglyceride
levels by enzymatic procedures; HDL cholesterol level after
precipitation with phosphotungstic acid and magnesium
chloride; apolipoproteins Al and B levels by using turbi-
dimetry; soluble intercellular adhesion molecule-1 (ICAM-
1), vascular cell adhesion molecule-1 (VCAM-1), and in-
terleukin-6 levels by standard enzyme-linked immunosorbent
assays; and high-sensitivity C-reactive protein (CRP) level
by particle-enhanced immunonephelometry. We per-
formed all analyses in duplicate. Intra- and interassay vari-
ation coefficients for insulin, CRP, ICAM-1, VCAM-1,
and interleukin-6 ranged from 1.8% to 5.4% and from
0.9% to 9.9%, respectively.

In participants without diabetes, we calculated insulin
resistance by using the homeostasis model assessment
method (24): insulin resistance = fasting insulin (uU/
mL) X fasting glucose (mmol/L)/22.5. In a random sam-
ple of 273 participants (35%), we measured urinary tyrosol
and hydroxytyrosol levels by gas chromatography—mass

spectrometry as markers of adherence to virgin olive oil
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intake (25) and the a-linolenic acid plasma content by gas

chromatography as a measure of adherence to nut (walnut)
intake (8).

Statistical Analyses

For a parallel design, statistical power calculations in-
dicated that 227 participants per group would be needed to
detect mean differences of 0.13 mmol/L (SD, 0.49) (5
mg/dL [SD, 19]) in LDL cholesterol level (8) (a = 0.05;
power = 0.8). Although we used LDL cholesterol level to
set sample size, we were equally interested in changes in all
end points in our exploratory and nonconfirmatory study.
We based the analysis on the intention-to-treat principle.
We used descriptive statistics with means and SDs for the
baseline characteristics of the participants. For analysis of
laboratory variables, we used the average of 2 baseline mea-
sures as the baseline value and the average of the 2 mea-
sures taken after the 3-month intervention as the final vari-
able. We transformed values with a skewed distribution
(CRP, VCAM-1, ICAM-1, and interleukin-6) to their nat-
ural logarithm for analyses. We examined 3-month
changes in clinical, dietary, and laboratory variables, in-
cluding center, as a stratification factor in the multivariable
model. We controlled potential confounding by age, sex,
and baseline body weight, entering these variables also into
the multivariable model. We excluded participants whose
energy intake, as derived from the food frequency ques-
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tionnaires, was outside prespecified ranges (500 kcal/d to
3500 kcal/d for women and 800 kcal/d to 4000 kcal/d for
men) (26) from the calculations of food, energy, and nu-
trient intake. In addition, we excluded participants with
plasma CRP levels greater than 10 mg/L at any measure-
ment, indicating an inflammatory process, from statistical
analyses of inflammatory biomarkers. Within- and be-
tween-group differences are expressed as means and 95%
Cls. All statistical tests were 2-tailed, and the significance
level was 0.05. We performed analyses by using SPSS, ver-
sion 11.0 (SPSS Inc., Chicago, Illinois).

Role of the Funding Sources

This study was supported by a grant from the Spanish
Ministry of Health (Red G03/140). Fundacién Patrimonio
Comunal Olivarero and Hojiblanca SA, the California
Walnut Commission, Borges SA, and Morella Nuts SA
generously donated the olive oil, walnuts, almonds, and
hazelnuts, respectively, used in the study. The funding
sources had no role in the design, collection, analysis, or
interpretation of the data or in the decision to submit the
manuscript for publication.

REsSULTS

We excluded 158 of 930 eligible participants before
randomization for various reasons (Figure 1). Table 1
shows the baseline characteristics of the 772 participants
who entered the study. Of these participants, 697 were
Europeans of Spanish descent and 75 were Hispanic im-
migrants from Central and South America. Although the
trial is an ongoing, large multicenter trial with large block
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sizes, the groups were balanced in ethnic origin, demo-
graphic characteristics, adiposity, and risk factors. Three
participants withdrew before study completion; their base-
line characteristics were similar to those of the overall
group.
Adverse Effects

Thirty-four (13%) participants in the Mediterranean
diet with nuts group had difficulty chewing whole nuts or
reported that small fragments of nuts were lodged between
their teeth. This problem was solved satisfactorily by the
advice to consume the nuts crushed and mixed with low-
fat yogurt, except for 1 participant who withdrew from the
study. Participants who were allocated to the Mediterra-
nean diet with olive oil group or to the low-fat diet group
reported no adverse effects.

Food, Energy, and Nutrient Intake

We excluded the following participants from food, en-
ergy, and nutrient calculations because they reported unre-
alistic energy intakes: 21 in the Mediterranean diet plus
olive oil group, 19 in the Mediterranean diet plus nuts
group, and 8 in the low-fat diet group (26). The main
dietary changes were the large increases in consumption of
virgin olive oil and nuts in the corresponding Mediterra-
nean diet groups that were provided with these foods. Re-
ciprocal decreases in the consumption of common olive oil
indicated that participants replaced this oil by the virgin
variety supplied. Both olive oil and nut intake decreased
nonsignificantly in the low-fat group. Participants in the 3
groups increased the intake of vegetables, legumes, fruit,
and fish and decreased the intake of meat, sweets, and dairy

Table 2. Changes in the Consumption of Key Food Items and 14-Point Mediterranean Diet Score*

Food Consumed

Mean Changes from Baseline at 3 mo (95% Cl), g/d

Mediterranean Diet
with Nuts
vs. Low-Fat Diet

Mediterranean Diet
with Olive Oil
vs. Low-Fat Diet

Mediterranean Diet Mediterranean Diet Low-Fat Diet Mean (95% CI) P Value Mean (95% ClI) P Value
with Virgin Olive Oil  with Mixed Nuts (n = 256) Between-Group Between-Group
(n = 257) (n = 257) Difference, g/dt Difference, g/dt
Virgin olive oil 32 (27 to 37) 1.2 (0.1 to 2.5) -0.1 (-3.0t0 2.8) 33 (27 to 39) <0.001 0.8 (-3.4t0 4.9) 0.72
Refined-mixed -25 (=30 to -21) -0.6 (-5.5t04.3) -1.6 (-5.810 1.6) -24 (=28 to -21) <0.001 1.4 (-5.9 10 3.0) 0.52
olive oil
Total nuts 1.7 (0.5 t0 2.9) 40 (33 to 47) -0.7 (-3.3t01.9) 0.8(-5.5t07.2) 0.80 38 (32 to 45) <0.001
Vegetables 13 (-6.2 to 39) 18.0 (-1.4 to 36.0) 8.1 (-13.0 to0 29.0) 5.2 (-28.0 t0 39.0) 0.76 11 (=24 to 45) 0.54
Legumes 8.5 (3.5 t0 13.0) 10 (5.8 to 14) 3.5(0.2t06.8) 4.6 (1.4 t0 10.0) 0.137 33(-2.8t09.4) 0.29
Fruits 5.5 (-34.0 to 44.0) 15 (=11 to 41) 25 (1 to 50) -12 (-56 to 32) 0.58 -10 (22 to -42) 0.53
Fish or seafood 1.8 (-6.0t09.7) 2.4 (-7.8t0 13.0) 11.0 (4.5 to 28.0) —12.0 (-29.0 to0 3.5) 0.124 -7.4 (-24.0 to 10.0) 0.39
Meat or meat -23 (-34to -12) -29 (45 to -13) -7.8 (-16.0 to 1.0) -17.0 (-31.0 to -3.1) 0.017 -17.0(-31.0t0-2.3) 0.023
products
Pastries, cakes, or -2.1 (3.7 to -0.5) -3.0 (4.6 to-1.4) -1.8 (-3.6t00.2) -2.5(2.7t02.2) 0.84 -1.5 (4.0 to 1.0) 0.23
sweets
Dairy products -17.0 (-38.0to 4.1) —45 (=70 to -19) -22.0 (-50.0 to 4.6) 4.6 (-32.0 to 40.0) 0.31 -16 (-58 to 25) 0.45
Alcohol -0.5(-1.9t0 0.9) -1.3(-2.7t0 0.1) 0.1 (-1.6t0 1.8) -0.7 (-2.9to 1.5) 0.53 -1.5(-3.7t00.8) 0.20
14-unit 22(19t02.4) 2.8(2.6t03.1) -0.1(-0.31t00.2) 23(2.0t02.7) <0.001 2.7 (2.41t03.1) <0.001
Mediterranean
diet score

* Of participants in the Mediterranean diet with olive oil, Mediterranean diet with nuts, and low-fat diet groups, 21, 20, and 8 participants, respectively, were excluded from
calculations of food intake because reported energy was outside of prespecified ranges.
T Adjusted for center, age, sex, and baseline body weight.
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products (Table 2). The Mediterranean diet score in-
creased in the 2 Mediterranean diet groups and remained
unchanged in the low-fat group. The results did not
change when we included the participants whose energy
consumption was out of range in the calculations.

Estimated energy expenditure from physical activity
was similar in the 3 groups at baseline and after 3 months
(data not shown). We observed a reduction from baseline
in reported energy intake in the groups allocated to the
Mediterranean diet plus olive oil and low-fat diets (Table
3). The 3 groups decreased saturated fatty acid intake from
baseline; the 2 Mediterranean diet groups reduced choles-
terol intake; and the Mediterranean diet with nuts group
decreased the intake of total carbohydrate and increased
the intake of fiber, total fat, monounsaturated fatty acids,
and polyunsaturated fatty acids.

Biochemical measurements in plasma and urine sam-
ples from a random group of 273 (35%) participants in the
study showed good adherence to supplemental foods in the
Mediterranean diet groups. Compared with the low-fat
diet group, participants assigned to the Mediterranean diet
with olive oil group showed an increase from baseline in
urinary tyrosol levels of 19 ng/mL (95% CI, 5 to 35 ng/
mL) and in hydroxytyrosol levels of 84 ng/mL (CI, 34 to
135 ng/mL); those allocated to the Mediterranean diet
with nuts group showed an increase in plasma a-linolenic
acid level of 0.15 mol% (CI, 0.09 to 0.21 mol%).

Cardiovascular Risk Factors

Table 4 shows the changes in cardiovascular risk fac-
tors. Body weight and adiposity measures were slightly re-
duced in the 3 groups, with no between-group differences
and statistically significant within-group changes only for
BMI in the low-fat group. Compared with participants
assigned to the low-fat diet group, those in the 2 Mediter-
ranean diet groups had decreased systolic and diastolic

blood pressure, blood glucose levels, and cholesterol-HDL
cholesterol ratio and increased HDL cholesterol levels.
Fasting insulin levels and homeostasis model assessment
scores were also lower in participants without diabetes in
the 2 Mediterranean diet groups. Total cholesterol and
triglyceride levels decreased only in the Mediterranean diet
with nuts group.

Inflammatory Markers

We excluded from calculations 8 participants in the
Mediterranean diet plus olive oil group, 2 participants in
the Mediterranean diet plus nuts group, and 4 participants
in the low-fat diet group who had plasma CRP levels
greater than 10 mg/L in at least 1 measurement. Figure 2
shows the changes from baseline values in CRP, interleu-
kin-6, ICAM-1, and VCAM-1 concentrations in the 3
groups. The CRP concentration decreased only in partici-
pants who were allocated to the Mediterranean diet plus
olive oil group. Compared with participants in the low-fat
diet group, adjusted between-group changes in CRP levels
were —0.54 mg/L (CI, —1.04 to —0.03 mg/L) for those in
the Mediterranean diet with olive oil group and 0.33 mg/L
(CIL, —0.19 to 0.84 mg/L) for those in the Mediterranean
diet with nuts group. Circulating intetleukin-6, ICAM-1,
and VCAM-1 concentrations decreased in both Mediterra-
nean diet groups and increased in the low-fat diet group.
Compared with the low-fat diet group, the between-group
changes in interleukin-6 level were —1.6 ng/L (CI, —2.5
to —0.6 ng/L) for the Mediterranean diet with olive oil
group and —1.3 ng/L (CI, —2.3 to —0.4 ng/L) for the
Mediterranean diet with nuts group. The between-group
changes in ICAM-1 level were =104 ng/mL (CI, —135
to —72 ng/mL) and —97 ng/mL (CI, —128 to —65 ng/
mL), respectively; the between-group changes in VCAM-1
level were —178 ng/mL (CI, —277 to =79 ng/mL) and
—167 ng/mL (CI, —267 to —68 ng/mL), respectively. Be-

Table 3. Changes in Energy and Nutrient Intake*

Nutrients

Mean Changes from Baseline at 3 mo (95% Cl)

Mediterranean Diet with Mediterranean Diet with
Olive Oil Nuts vs. Low-Fat Diet
vs. Low-Fat Diet

Energy, kcal

Energy from total protein, %
Energy from total carbohydrate, %

Fiber, g/d
Energy from total fat, %
SFA, %
MUFA, %
PUFA, %
Linoleic acid, g/d
a-linolenic acid, g/d

Marine n-3 fatty acids, g/d
Energy from olive oil, %

Energy from nuts, %
Cholesterol, mg/d

Mediterranean Diet
with Virgin Olive Oil
(n = 257)
-180 (271 to -89)
0.36 (-0.06 to 0.78)
0.33 (-0.59 to 1.26)
0.98 (-0.74 to 2.70)
-0.75 (-1.60 to 0.08)
-0.77 (-1.00 to —0.49)
0.15 (-0.39 to 0.70)
-0.11 (-0.38 t0 0.17)
-2.1(-2.8to-1.1)
0.06 (-0.17 to 0.04)
0.02 (-0.05 to 0.08)
2.05 (1.20 to 2.90)
0.40 (0.01 to 0.79)
-53 (=75 to -31)

Mediterranean Diet
with Mixed Nuts
(n = 257)

-34 (=140 to 67)
-0.28 (-0.69 t0 0.11)
-29(-4.0t0-1.9)
3.8(1.8t05.7)

34(.4t045)

-1.00 (-1.40 to -0.72)
1.38 (0.81 to 2.00)
3.0(.5t03.6)

7.6 (5.81t09.3)
1.20 (0.92 to 1.40)
0.11 (0.01 to 0.21)
0.46 (-0.41 to 1.30)
10.2 (8.7 to 12.0)
-54 (74 to -34)

Low-Fat Diet Mean (95% ClI) 4 Mean (95% ClI) 4
(n = 256) Between-Group Value Between-Group Value
Differencet Differencet
—197 (=300 to -95) 4.5 (-139.0 to 148.0) 0.95 161 (12 to 310) 0.034
0.83 (0.38 to 1.27) -0.47 (-1.07 t0 0.13) 0.122  -1.00 (-1.60 to -0.38) 0.002
-0.36 (-1.50 to 0.80) 0.22 (-1.30 to 1.70) 0.84 —3.6 (-5.2to -2.1) <0.001
0.60 (-0.94 to 2.20) 0.49 (-1.90 to 2.90) 0.69 2.00 (-0.54 to 4.50) 0.124
—1.40 (-2.50 to -0.21) 0.45 (-1.00 to 1.90) 0.55 5.0 (3.5t0 6.5) <0.001
-0.74 (-1.20 to -0.31) —-0.09 (-0.55 to 0.36) 0.69 0.07 (-0.40 to 0.54) 0.78
-0.52 (-1.20 t0 0.22) 0.58 (-0.30 to 1.45) 0.198 1.9(1.0to 2.8) <0.001
0.14 (-0.46 t0 0.17) 0.03 (-0.53 to 0.58) 0.93 3.0(2.4t03.5) <0.001
-0.68 (-1.80 to 0.44) —0.27 (-0.85 t0 0.31) 0.76 1.4(1.1t01.7) <0.001
-0.10 (-0.27 to 0.08) 0.03 (-0.32 to 0.25) 0.82 1.20 (0.86 to 1.50) <0.001
0.13 (-0.02 to 0.28) 0.11 (-0.26 to 0.04) 0.143 -0.04 (-0.20 t0 0.12) 0.60
0.06 (-1.00 to 1.20) 1.9 (0.55 to 3.20) 0.006 0.17 (-1.20 to 1.50) 0.81
-0.07 (-0.57 to 0.42) 0.03 (-1.30 to 1.40) 0.97 9.1 (7.7 to 10.0) <0.001
—13 (-47 to 21) -38 (-152 to 76) 0.27 —42 (-165 to 80) 0.152

* Forty-nine participants were excluded from calculations of energy and nutrient intake because reported energy was unrealistic (see Table 2). MUFA = monounsaturated

fatty acid; PUFA = polyunsaturated fatty acid; SFA = saturated fatty acid.
T Adjusted for center, age, sex, and baseline body weight.
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Table 4. Changes in Adiposity, Blood Pressure, and Cardiovascular Risk Factors*

Variable

Weight, kg
BMI, kg/m?
Waist, cm
Systolic BP, mm Hg
Diastolic BP, mm Hg
Fasting glucose level
mmol/L
mg/dL

Fasting insulin level,
pmol/L¥

HOMA index+

Total cholesterol
level

mmol/L
mg/dL
LDL cholesterol level
mmol/L
mg/dL

HDL cholesterol
level

mmol/L
mg/dL

Triglyceride level
mmol/L
mg/dL

Cholesterol-HDL
cholesterol ratio

Mean Changes from Baseline at 3 mo (95% Cl)

Mediterranean Diet with
Olive Oil vs. Low-Fat Diet

Mediterranean Diet with
Nuts vs. Low-Fat Diet

Mediterranean Diet

with Virgin Olive Oil

(n = 257)

-0.19 (-0.46 to 0.07)

—-0.12 (-0.24 to 0.06)

-0.82 (-1.80 to 0.14)
-4.8(-6.7 t0-2.7)
-2.5(-3.5t0-1.5)

-0.21 (-0.41 to -0.01)
-3.8(-7.4t0-0.2)
-9.7 (-15.3 t0 -3.8)

-0.53 (-0.83 to -0.23)

-0.10 (-0.21 t0 0.01)
-3.90 (-8.10 to 0.35)

-0.15 (-0.25 to -0.05)
-5.8 (-9.8 t0 -1.8)

0.62 (0.08 to 0.04)
2.4(3.1t01.6)

-0.03 (-0.13 t0 0.07)
-3.0 (-11.8 t0 5.9)
-0.32 (-0.45 to -0.18)

Mediterranean Diet
with Mixed Nuts
(n = 257)

-0.26 (-0.59 to 0.08)

-0.09 (-0.24 to 0.05)

-0.29 (-0.95 t0 0.37)
-6.5(-8.7 to —4.3)
-3.6 (-4.7to-2.5)

-0.14 (-0.31 t0 0.03)
-2.5(-5.51t00.5)
-9.7 (-15.9 to -3.5)

-0.54 (-0.82 to -0.26)

-0.13 (-0.22 to -0.04)
5.0 (-8.6 to —1.4)

-0.10 (-0.19 to -0.01)
-3.80 (-7.30 to -0.39)

0.020 (0.002 to 0.050)
0.94 (0.10 to 1.80)

-0.09 (-0.16 to -0.01)
-7.6 (-14.0 to -1.1)
-0.17 (-0.27 to -0.02)

Low-Fat Diet Mean (95% CI) 4 Mean (95% CI) P
(n = 256) Between-Group Value Between-Group Value
Differencet Differencet
-0.24 (-0.48 t0 0.01) 0.01 (-0.39 to 0.42) 0.96 0.01 (-0.40 to 0.43) 0.95
-0.21 (-0.38 to —0.05) 0.09 (-0.12 to 0.29) 0.40 0.15 (-0.06 to 0.35) 0.165
-0.37 (-1.20 t0 0.44) -0.52 (-1.60 t0 0.61) 0.37 0.12 (-1.00 to 1.30) 0.84
0.64 (-1.30 to 2.30) -5.9 (8.7 to -3.1) <0.001 -7.1(-10.0 to —-4.1) <0.001
-0.85 (-1.79 to 0.09) -1.60 (-3.00 to -0.01) 0.048 2.6 (-4.2t0 1.0) 0.001
0.017 0.039
0.19 (-0.06 to 0.04) -0.39 (-0.72 t0 -0.07) -0.30 (-0.58 to -0.01)
3.5(-1.0t0 8.0) -7.0 (-13.0to -1.3) -5.4 (-10.5 to -0.2)
6.5(-3.81016.7) -16.7 (-27.1 to -0.4) 0.001 -20.4 (-31.9t0-9.7) <0.001
0.32 (-0.15 t0 0.79) -0.91 (-1.40 to -0.46) <0.001 -1.1 (-1.6 to -0.55) <0.001
0.26 0.040
0.02 (-0.10 to 0.14) -0.09 (-0.25 t0 0.07) -0.16 (-0.31 t0 -0.01)
0.74 (-3.80 to 5.30) -3.5(9.5102.6) —6.20 (-12.00 to -0.28)
0.177 0.119
-0.15 (-0.12 to 0.09) -0.10 (-0.25 to 0.04) -0.09 (-0.23 to 0.05)
-0.56 (—4.60 to 3.50) -3.9(95101.7) -3.4(-8.9102.1)
<0.001 0.006
-0.01 (-0.03 t0 0.01) 0.08 (0.04 to 0.10) 0.04 (0.01 to 0.07)
-0.37 (-1.20 to 0.40) 2.9 (1.7 to 4.0) 1.60 (0.45 to 2.70)
0.21 0.022
0.03 (-0.05 to 0.10) -0.08 (-0.20 to 0.04) -0.15 (-0.26 to -0.02)
2.4 (-4.4t09.2) -7.1(-18.0t0 3.9) -13.0 (-23.0to -1.9)
0.06 (-0.05 to 0.16) -0.38 (-0.55 t0 -0.22) <0.001 -0.26 (-0.42 t0 -0.10) 0.002

* BMI = body mass index; BP = blood pressure; HDL = high-density lipoprotein; HOMA = homeostasis model assessment (a measure of insulin resistance); LDL =

low-density lipoprotein.
T Adjusted for center, age, sex, and baseline body weight.

¥ Determined only for 305 participants without diabetes (95 in the Mediterranean diet with olive oil group, 110 in the Mediterranean diet with nuts group, and 100 in the

low-fat diet group).

tween-diet differences in CRP levels were magnified, but sta-
tistical significance was unchanged when we included partici-
pants with CRP levels greater than 10 mg/L in the
calculations. This did not affect the results of the other inflam-

matory molecules.

Subgroup Analyses

We observed no differences in outcomes for any study
group in subgroups defined by center, ethnic origin, sex,
age, baseline weight, or physical activity. However, partic-
ipants with hypertension showed statistically significantly
higher reductions from baseline in systolic blood pressure
when given each of the 2 Mediterranean diets, with mean
changes of —6.2 mm Hg (CI, —8.4 to —4.0 mm Hg) for
olive oil and —7.4 mm Hg (CI, —9.9 to —5.0 mm Hg)
for nuts. Participants with hypertension in the low-fat diet
group showed a mean change in systolic blood pressure of
1.2 mm Hg (CI, —1.0 to 3.4 mm Hg). Participants with
normal blood pressure in the low-fat diet, Mediterranean
diet with olive oil, and Mediterranean diet with nuts
groups showed mean changes in systolic blood pressure
of —1.8 mm Hg (CI, —6.7 to 3.0 mm Hg), 0.5 mm Hg
(CI, —1.4 to 2.5 mm Hg), and —2.2 mm Hg (CI, —4.5 to
0.1 mm Hg), respectively. Changes in diastolic blood pres-
sure according to blood pressure status followed a similar
pattern (data not shown).

www.annals.org

DiscussioN

If the Mediterranean diet was useful in primary car-
diovascular prevention, one would expect that persons who
adhere to the diet show a reduction in risk factors for
atherosclerosis. In our study, high-risk participants who
improved their baseline Mediterranean diet after nutri-
tional education and supplementation with virgin olive oil
or mixed nuts showed lower blood pressure, improved
lipid profiles, decreased insulin resistance, and reduced
concentrations of inflammatory molecules compared with
those allocated to a low-fat diet.

The Mediterranean diet is high-fat because large
amounts of monounsaturated fatty acid-rich olive oil are
used in Mediterranean cultures (27, 28). Scientific evi-
dence has documented the beneficial effect of diets with a
relatively high monounsaturated fatty acid content on car-
diovascular risk factors, obesity, and diabetes (1, 28-31)
(Appendix Table 3, available at www.annals.org). How-
ever, when nutritional advice is given to people with in-
creased adiposity, clinicians are stll reluctant to recom-
mend high-fat, high-monounsaturated fatty acid diets as
an alternative to the traditional (and less palatable) low-fat
diets because of the belief that fat provides excess energy,
thus promoting obesity. Because many participants in our
study were obese or had diabetes, our results are reassuring
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Figure 2. Changes from baseline in plasma concentrations of the inflammatory biomarkers in the 3 intervention groups.
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A. Mean changes from baseline of C-reactive protein (CRP). B. Mean changes from baseline of interleukin-6. C. Mean changes from baseline of
intercellular adhesion molecule-1 (/CAM-I). D. Mean changes from baseline of vascular cell adhesion molecule-1 (VCAM-1). The low-fat diet followed
the guidelines of the American Heart Association. Error bars are 95% Cls. *P < 0.018 for difference from baseline by 2-tailed #test. 1P < 0.003 for

difference from baseline by 2-tailed #-test.

in the lack of weight gain when supplementing ad libitum
diets with sizable amounts of unsaturated fats, such as
those contained in olive oil or nuts. Our results also add to
the increasing evidence that diets enriched with nuts do
not induce weight gain (32-34).

Healthy diet and lifestyle are critical for preventing
and treating hypertension (35). In our study, both Medi-
terranean diets were associated with statistically significant
reductions in blood pressure in participants with hyperten-
sion who were already receiving antihypertensive medica-
tion. Observational studies (36, 37) and small feeding trials
(38, 39) have suggested that increased olive oil consump-
tion helps lower blood pressure (40). Recently, the Omni-
Heart study (41) also reported that diets rich in monoun-
saturated fatty acids from various sources exerted an
antihypertensive effect. No effects on blood pressure have
been reported for diets enriched with nuts in small trials
(15). However, walnuts seem to have favorable effects on
vasomotor activity (42). Furthermore, the intake of a-lin-
olenic acid, the plant n-3 fatty acid that is abundant in

8|4 July 2006 | Annals of Internal Medicine | Volume 145 ¢ Number 1

walnuts, was inversely related to blood pressure in a large
cross-sectional study (43). Participants following the Med-
iterranean diet with nuts increased a-linolenic acid intake
by an average of 1 g/d; thus, walnut consumption may
have helped lower blood pressure. Another explanation for
the blood pressure reduction observed with the 2 Mediter-
ranean diet groups is the change in the overall food pat-
tern, which was similar to that advocated in the Dietary
Approaches to Stop Hypertension (DASH) trial (44), with
the exception of the high content of olive oil. Salt intake
was not restricted in our study. The blood pressure—lower-
ing effect of the Mediterranean diets was similar to that of
the unrestricted-sodium DASH diets (44) and was less
than that of the low-sodium DASH diet (45). The effect
was greater, however, than that obtained by partial substi-
tution of carbohydrates with monounsaturated fatty acids
in the OmniHeart study (41).

The 2 Mediterranean diets were associated with lower
fasting glucose levels in all participants and lower fasting
insulin levels and insulin resistance in those without diabe-

www.annals.org



tes, thus extending previous observations of the favorable
effects of Mediterranean diets on insulin sensitivity in pa-
tients with the metabolic syndrome (12). Insulin resistance
and diabetes are linked to excess energy intake, particularly
in the form of saturated fatty acids and simple sugars, and
to increased adiposity (46). Low-fat, high-carbohydrate di-
ets have traditionally been advised for patients with diabe-
tes. However, such diets may worsen metabolic control, an
untoward effect that is not observed with high-fat diets
based on monounsaturated fatty acid-rich oils or nuts
(31). Frequent nut consumption has been inversely associ-
ated with diabetes risk (47). In addition, decreased intake
of meat and dairy products and increased fiber intake, as
observed in the 2 Mediterranean diet groups, have been
shown to reduce the incidence of diabetes in conjunction
with lifestyle interventions (48, 49). Our results further
support a beneficial effect of healthy diets on insulin resis-
tance.

Replacing carbohydrate with dietary fat lowers triglyc-
eride levels and increases HDL cholesterol levels, while
substituting monounsaturated fatty acids for saturated fatty
acids lowers LDL cholesterol levels (50, 51). Total fat in-
take was high both at baseline and after 3 months, and we
observed a similar reduction in saturated fatty acid intake
of approximately 1% of energy in the 3 groups. However,
the lipid profile did not change in the low-fat diet group,
while HDL cholesterol levels increased in the 2 Mediterra-
nean diet groups, especially when olive oil was supple-
mented. While diets enriched with various nuts have an
established hypocholesterolemic effect (8, 15, 42), why
substituting virgin olive oil for refined olive oil has such
beneficial lipid effects is unknown. Minor olive oil constit-
uents contained in virgin olive oils (13, 14) might explain
these effects and merit further study. Since low-fat diets
usually lower both LDL cholesterol and HDL cholesterol
concentrations (52-54), a fat-rich Mediterranean diet may
be a better nutritional option for high-risk individuals.

Nut consumption in small trials has not resulted in
lower serum triglyceride levels (15). The triglyceride-low-
ering effect observed in participants in the Mediterranean
diet with nuts group might be related to the increased
intake of a-linolenic acid from walnuts, since a-linolenic
acid consumption was inversely related to triglyceride con-
centrations in a cross-sectional study (55).

Atherosclerosis is widely viewed as an inflammatory
disease (56). Epidemiologic, clinical, and experimental
studies have shown that the Mediterranean diet (10—12) or
the frequent consumption of several main components of
this dietary pattern, such as olive oil (14, 57), nuts (34,
42), or red wine (57, 58), is associated with a lower inflam-
matory status and improved endothelial function. Similar
findings have been reported recently for other healthy di-
etary patterns (59). We observed reduced concentrations of
cell adhesion molecules in participants assigned to the 2
Mediterranean diet groups, supporting the anti-inflamma-
tory effects of this dietary pattern.

www.annals.org
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Our study has some limitations. Ensuring adherence
to dietary instructions is difficult in a feeding trial. How-
ever, adherence to recommended dietary patterns and sup-
plemental foods was good, as judged by self-report and
objective measurements. On the other hand, our design
has the strength of reproducing real-life conditions with
home-prepared foods, reflecting usual practice. A second
limitation is that nutritional education about low-fat diet
was less intense than education about Mediterranean diets.
In fact, fat intake was only marginally reduced in the group
assigned to the low-fat diet. This was partly because of the
study design but also because participants belonged to a
Mediterranean culture, where people prefer using olive oil.
Because the low-fat diet was not the usual diet, participants
in this group also changed food habits in a healthy way.
Therefore, the differences in outcomes observed between
the Mediterranean diet groups and the low-fat diet group
might be attributed to the supplemental foods provided.
The duration of follow-up of only 3 months cannot be
considered a major limitation because effects of dietary in-
terventions on risk factors do not need a long induction
period (44, 45, 53) and seem to persist as long as adher-
ence is maintained (12, 48, 49).

In conclusion, our results suggest that the healthy ef-
fects of the Mediterranean diet observed in epidemiologic
studies are exerted partly through plausible mechanisms:
improved lipid profiles and reductions in blood pressure,
insulin resistance, and systemic markers of inflammation.
Our study duration was far too short to deal with clinical
outcomes. Longer follow-up of the whole PREDIMED
trial will eventually provide stronger evidence. In the
meantime, an increasing body of knowledge supports the
Mediterranean diet as a useful tool in managing individuals
who are at high risk for CHD.
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Appendix Table 1. Quantitative Score of Adherence to the Mediterranean Diet

Foods and Frequency of Consumption

O~ wWwN =

. Do you use olive oil as main culinary fat?

. How much olive oil do you consume in a given day (including oil used for frying, salads, out-of-house meals, etc.)?
. How many vegetable servings do you consume per day? (1 serving = 200 g [consider side dishes as half a servingl)
. How many fruit units (including natural fruit juices) do you consume per day?

. How many servings of red meat, hamburger, or meat products (ham, sausage, etc.) do you consume per day?

(1 serving = 100-150 g)

6. How many servings of butter, margarine, or cream do you consume per day? (1 serving = 12 g)

7. How many sweet or carbonated beverages do you drink per day?
8. How much wine do you drink per week?

9. How many servings of legumes do you consume per week? (1 serving = 150 g)
10. How many servings of fish or shellfish do you consume per week? (1 serving = 100-150 g of fish or 4-5 units or

200 g of shellfish)

11. How many times per week do you consume commercial sweets or pastries (not homemade), such as cakes, cookies,

biscuits, or custard?

12. How many servings of nuts (including peanuts) do you consume per week? (1 serving = 30 g)
13. Do you preferentially consume chicken, turkey, or rabbit meat instead of veal, pork, hamburger, or sausage?
14. How many times per week do you consume vegetables, pasta, rice, or other dishes seasoned with sofrito (sauce made

with tomato and onion, leek, or garlic and simmered with olive oil)?

Criteria for 1 Point*

Yes

=4 tbsp

=2 (=1 portion raw or as salad)
=3

<1

<1
<1
=3 glasses
=3

=3
<3

=1

Yes

* 0 points if these criteria are not met.

Appendix Table 2. Fatty Acid, Tocopherol, and Sterol Composition of Virgin Olive Oil and Nuts Used in the Trial*

Constituents

Total fat, %
Palmitic acid
Stearic acid
Oleic acid
Linoleic acid
a-Linolenic acid
a-Tocopherol, mg/100 g
B-Tocopherol, mg/100 g
y-Tocopherol, mg/100 g
Total sterols, mg/700 g
B-Sitosterol, %
Campesterol, %
A-5-Avenasterol, %

Olive Oil

100
8.2(0.2)
3.2(0.1)
75.0 (0.8)
6.8 (0.2)
0.4 (0.0)
14.7 (0.0)
4.3 (0.0)
0.4 (0.0)
155.8 (0.0)
95.5 (0.1)
3.2(0.0)

<0.1

Walnuts

62.9 (0.3)
6.3 (0.0)
2.6 (0.0)

14.0 (0.3)

61.3 (0.4)

14.3 (0.1)
4.9 (0.1)
2.0 (0.1)

50.2 (1.3)

198.5 (7.8)

84.0 (0.8)
5.3 (0.0)
7.6 (0.9)

Almonds

50.2 (0.2)
7.4 (0.1)
1.8 (0.0

61.2 (0.4)

26.7 (0.2)
0.1 (0.0)

48.4 (0.9)
5.4 (0.9)
6.0 (0.2)

224.2 (25.4)

79.1 (0.5)
3.3 (0.0)
6.3 (1.2)

Hazelnuts

53.2 (0.3)
7.4 (0.1)
1.9(0.1)

72.1(0.2)

13.3(0.2)
0.8 (0.0)

38.8 (1.5)
8.8 (1.5)

20.7 (0.4)

174.6 (8.6)

82.8 (1.1)
5.2 (0.1)

11.1(0.2)

* Values are means (SD) of 6 measurements of random samples from different lots.
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Appendix Table 3. Randomized Feeding Trials Comparing a Mediterranean Diet with Other Healthy Diets for Intermediate
Cardiovascular Outcomes*

Author, Year (Reference)

Michalsen et al.,
2006 (60)

Stachowska et al.,
2005 (61)

Vincent-Baudry et al.,
2005 (62)

Bravo-Herrera et al.,
2004 (63)

Esposito et al., 2004 (12)

Rodriguez-Villar et al.,
2004 (64)

Ros et al., 2004 (42)

Sendergaard et al.,
003 (65)

Toobert et al., 2003 (66)
Singh et al., 2002 (67)

Fuentes et al., 2001 (10)

Mezzano et al.,
2001 (68)

Pérez-Jiménez et al.,
2001 (69)

Zambon et al., 2000 (8)

Ferro-Luzzi et al.,
1984 (70)

Strazzullo et al.,
986 (38)

Country

Germany

Poland
France

Spain

Italy

Spain

Spain

Denmark

United States

United Kingdom

Spain

Chile

Spain

Spain

Italy

Italy

Study Sample
101 patients with CHD

37 kidney graft
recipients

212 men and women
with =1 risk factor

41 healthy participants

180 participants with
the metabolic
syndrome

21 patients with type 2
diabetes mellitus

21 ﬂarticipants with

ypercholesterolemia

131 patients with CHD

an
hypercholesterolemia

279 postmenopausal
women with type 2
diabetes mellitus

54 healthy participants

22 men with
hypercholesterolemia

42 healthy participants

59 healthy participants

49 patients with
ypercholesterolemia

48 healthy participants

57 healthy participants

Study Design

Parallel group: Mediterranean
diet vs. low-fat diet

Parallel group: Mediterranean
diet vs. low-fat diet

Parallel group: Mediterranean
diet vs. low-fat diet

Crossover: Mediterranean diet
vs. low-fat diet vs. high-fat,
high-saturated fat diet

Parallel group: Mediterranean
diet vs. prudent western diet

Crossover: Mediterranean diet
vs. low-fat diet

Crossover: Mediterranean diet
vs. a similar diet where
walnuts replaced 32% of
energy from MUFAs

Parallel group: Mediterranean
diet vs. usual diet; both
groups received fluvastatin,
40 mg

Parallel group: Mediterranean
diet nutrition education vs.
usual diet

Parallel group: Mediterranean
diet vs. vitamin C, 1 g/d, vs.
placebo

Crossover: Mediterranean diet
vs. low-fat diet after baseline
gigh-fat, high-saturated-fat

iet

Parallel group: Mediterranean
diet vs. high-fat diet; wine
was added after the second
month

Crossover: Mediterranean diet
vs. low-fat diet after baseline
Igligh-fat, high-saturated-fat

iet

Crossover trial: Mediterranean
diet vs. a similar diet where
walnuts replaced 35% of
energy from MUFAs

Sequential: Mediterranean diet
vs. high-fat western diet
Sequential: Mediterranean diet
vs. high-fat western diet

Duration

1y

6 mo
3 mo

3 mo

24 mo

6 wk

4 wk

12 mo

6 mo

6 wk

4 wk

20d

4 wk

6 wk

6 wk

6 wk

Main Outcomes

Lipid profile, insulin, CRP,
fibrinogen,
homocysteine

Oxidative status in plasma
and red blood cells

BMI, lipids, glucose,
insulin, homocysteine

Lipids, tissue factor
expression by
circulating monocytes

BMI, BP, insulin resistance,
lipid profile,
endothelial function,
inflammatory markers

Glycemic control, lipids,
LDL oxidizability

Endothelial function in the
brachial artery,
adhesion molecules,
CRP, lipid profile,
homocysteine,
oxidation biomarkers

Endothelial function in the
brachial artery

BMI, BP, glycemic control,
lipids, quality of life

Forearm blood flow by
venous occlusion
plethysmography

Lipids, endothelial
function in the brachial
artery, inflammatory
markers

Prothrombotic and
profibrinolytic factors

Lipids, free fatty acids,
insulin sensitivity,
glucose uptake by
isolated monocytes

Lipid profile, LDL
resistance to in vitro
oxidative stress

Lipid profile

BP

Resultst

No differences in changes of risk
factors or inflammatory
markers

Decreased oxidative status

No differences in changes of risk
factors

Improvement in all outcomes
except lower HDL cholesterol
levels vs. high-fat diet; no
differences vs. low-fat diet

Improvement in all outcomes

Reduced VLDL lipid levels; no
effect on other outcomes

Reduced endothelium-dependent
vasodilatation; increased
levels of VCAM-1, total
cholesterol, and LDL
cholesterol

Improved outcome

Improvements in BMI, glycemic
control, and quality of life

Improved outcome

Improvement of all outcomes vs.
baseline; marginal
improvement of
endothelium-dependent
vasodilatation vs. low-fat diet

Improved outcomes;
improvement enhanced by
addition of wine

Improvement of all outcomes
except reduced HDL
cholesterol levels vs. baseline;
no differences vs. low-fat diet

Higher total and LDL cholesterol
levels, other outcomes similar

Lower total and LDL cholesterol
levels

Lower systolic BP

* With the exception of 2 widely cited Italian papers from the 1980s (38, 70), which were not randomized, we included only randomized feeding trials with intermediate
outcomes in which 1 diet was a Mediterranean diet containing at least 15% energy as MUFA derived in part from olive oil. BMI = body mass index; BP = blood pressure;
CHD = coronary heart disease; CRP = C-reactive protein; HDL = high-density lipoprotein; LDL = low-density lipoprotein; MUFA = monounsaturated fatty acid;
VCAM-1 = vascular cell adhesion molecule-1; VLDL = very-low-density lipoprotein.
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