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1. INTERES

Les bondats del vi ja foren descrites per Hipocrates, pare de la medicina moderna, qui afirmava
que "el vi és cosa admirablement apropiada per I’home, tant en I’estat de salut com en el de
malaltia, si s’"administra oportunament i amb la justa mesura, depenent de la constitucid

individual".

Tot i que al llarg de la historia s’han descrit els efectes beneficiosos del vi, no va ser fins I'any
1992 quan Renaud i Lorgeril (Renaud and de Lorgeril, 1992) van publicar I'article sobre la
“Paradoxa Francesa”, en el qual el tema va adquirir una major rellevancia cientifica. Els autors
van portar a terme un estudi epidemiologic que va posar de manifest, com Francga un pais amb
un elevat risc cardiovascular degut al seu gran consum de greixos saturats, similar al d’altres
paisos desenvolupats no mediterranis, presentava una mortalitat cardiovascular inferior a ells,
més propera a altres paissos mediterranis. Els autors van proposar com a factor protector
cardiovascular el consum moderat de vi, el que va millorar notablement el model matematic

de regressio passant d’un coeficient de correlacié de 0.73 a un de 0,87.

A partir d’aquesta observacié s’han portat a terme nombrosos estudis clinics (Estruch et al.,
2004;Badia et al., 2004;Sacanella et al., 2007;Vazquez-Agell et al., 2007) epidemiologics
(Mukamal et al.,, 2003;Gronbaek, 2002) i revisions bibliografiques (Urquiaga and Leighton,
2005;Goldfinger, 2003;Burns et al., 2001) que intenten dilucidar quines sén concretament els
seus efectes beneficiosos, quins mecanismes es troben afectats i finalment quin component o
components del vi (etanol, polifenols o sinergies entre ells) sén els responsables d’aquestes

accions.

Per arribar a coneixer els possibles efectes del vi, o dels seus components, és necessari estimar
de forma precisa la ingesta dels mateixos. En assajos clinics controlats on l'investigador pot
coneixer i controlar la majoria de les variables, aquest no és un factor tan determinant, pero es
tracta d’un factor limitant en estudis epidemioldgics o en assajos clinics amb participants que

fan vida normal.

Amb aquesta finalitat, en epidemiologia nutricional, existeixen las enquestes alimentaries i els
biomarcadors nutricionals. Les enquestes son realitzades mitjancant entrevista personal o
glestionaris autoadministrats en els que els voluntaris han de recordar, normalment, la seva
ingesta actual (Ultimes 24h) o habitual (ultims 6 mesos o 1 any) tant de quin tipus d’aliment o
beguda com de quantitat consumida (Arija Val and Fernandez Ballart, 2002). Aquestes

estimacions solen tenir biaixos, degut a que I'enquestat pot infraestimar la ingesta d’aliments
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que considera poc saludables, com poden ser las begudes alcoholiques, o sobrevalorar el
consum d’aliments que considera saludables, como poden ser fruites i verdures (Spencer et al.,
2008). També és molt habitual el biaix anamnesic, per no recordar de forma precisa la totalitat

de la seva dieta.

Degut a que las enquestes alimentaries presenten diverses limitacions els investigadors
cerquen opcions alternatives para estimar de forma més objectiva la ingesta dels participants
d’un estudi. Una alternativa a aquests qliestionaris sén els biomarcadors nutricionals, els quals
presenten unes avantatges evidents respecte a les enquestes (Marshall, 2003;Potischman,
2003;Spencer et al., 2008), tot i que com totes les metodologies també tenen els seus punts
febles. Els biomarcadors poden presentar tres avantatges importants respecte a les enquestes:
i) és una mesura més precisa i objectiva; ii) les enquestes es transformen en components
mitjangant les taules de composicié d’aliments, les quals, en si mateixes presenten limitacions
degut a la gran variabilitat de composicié i de tipus d’aliments que hi ha en el mercat; iii) és
una mesura que reflexa I'estatus nutricional de [lindividu, que tenen en compte Ia
biodisponibilitat dels components. Contrariament, les limitacions més importants dels
biomarcadors sén: el cost, molt més elevat que qualsevol tipus d’enquesta alimentaria i la
disponibilitat d’un biomarcador robust i validat per mesurar la ingesta d’un aliment o d’un

component determinat.

Un bon marcador biologic ha de complir uns estrictes requisits per ser considerat com a tal, els
que Spencer et al detallen en una recent revisid bibliografica (Spencer et al., 2008):
i)metodologia d’analisi robusta; ii) sensible; iii) especific; iv) i coneixement sobre els seus

parametres farmacocinetics.

La nostra hipotesis de partida comenca amb la seleccié de potencials marcadors biologics de
consumo de vi. Entre els possibles compostos destaca el resveratrol que és un component
caracteristic del raim i dels seus productes derivats (Andres-Lacueva et al., 2002;Cantos et al.,
2002b;Lamuela-Raventds et al., 1995;Romero Perez et al.,, 1996), i que es troba present
Unicament en petites quantitats en pocs aliments (cacauets, festucs i algunes fruites del bosc)
(Burns et al., 2002;Rimando et al., 2004;Sobolev and Cole, 1999;Tokusoglu et al., 2005). Al
1997, la revista Science va publicar per primera vegada els efectes anticancerigens del
resveratrol (Jang et al., 1997) i a continuacid van sorgir diversos treballs que han atribuit al
resveratrol, multiples propietats beneficioses (Baur and Sinclair, 2006) (Fig 1) relacionades
amb la seva potencial activitat antioxidant, antiinflamatoria, vasodilatadora, antiagregant

plaquetaria, anticancerigena i Ultimament s’ha demostrat que també podria actuar com a



Interes

mimetic de la restriccié calorica (Alarcon de la Lastra and Villegas, 2005;Baur and Sinclair,

2006;Delmas et al., 2005a;Delmas et al., 2006).
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Figura 1. Nombre de publicacions aparegudes en el PubMed per any de la paraula
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“resveratrol”, i els events més destacats en la historia cientifica del mateix (Baur and

Sinclair, 2006).
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2. OBJECTIUS

1. Determinar els metabolits del resveratrol en teixits d’humans després d’un consum
moderat de vi.

2. Establir un biomarcador del consum moderat de vi en humans.

3. Elaborar una taula de composicié de resveratrol en aliments, especifica per aliments
d’origen espanyol.

4. Coneixer les fonts dietetiques més importants del consum de resveratrol i estimar la
ingesta en la poblacié adulta espanyola.

5. Valorar la utilitat del biomarcador de consum de vi en estudis clinics com a factor de
acompliment del tractament.

6. Avaluar 'estat antioxidant de I'organisme i estudiar possibles mecanismes endogens

de control.
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3. INTRODUCCIO

3.1. Compostos fenolics

3.1.1. GENERALITATS

Els compostos fenolics, quimicament poden ser definits com a substancies que tenen un minim
d’un anell aromatic substituit amb almenys un grup hidroxil. Constitueixen el grup més
nombros i esta ampliament distribuit en el mén vegetal, amb més de 8000 estructures
conegudes (Harborne, 1989) i sén productes del metabolisme secundari de les plantes que

provenen de la via metabolica del acid siquimic i del acetat (Harborne, 1989).

Durant decades els compostos fenolics han estat coneguts per ésser responsables en part, de
diverses propietats sensorials en aliments d’origen vegetal (Tomads-Barberan, 2003). Entre els
pigments fenolics destaquen les antocianines que aporten les tonalitats vermelloses, bleves i
liles tipiques de moltes fruites, hortalisses i derivats, com el vi negre. També és caracteristica la
astringéncia d’algunes fruites, hortalisses i derivats gracies a la presencia dels tanins
condensats (proantocianidines). Fins i tot alguns fenols senzills sén responsables d’aromes

caracteristics d’algunes fruites (eugenol en platans).

Posteriorment aquest compostos fitoquimics van tenir la seva cabuda en els tratats de
fisiologia vegetal, especialment por estar involucrats en el creixement i reproduccio de plantes
actuant com a fitoalexines (Bravo, 1998). Les fitoalexines sbn compostos sintetitzats per les

plantes en resposta a infeccions o algun altre tipus d’estres.

En el camp de la nutricio, l'interes d’aquests compostos fenolics es basa en els possibles
efectes beneficiosos per a la salut que la bibliografia els hi ha atribuit (Baur and Sinclair,
2006;Delmas et al., 2005a;Delmas et al., 2006;Fremont, 2000). Estudis epidemiologics han
suggerit associacions entre la ingesta d’aliments rics en polifenols i la prevencié de malalties
relacionades amb procesos oxidatius i de inflamacié (malalties degeneratives, cardiovasculars,

cancers) (Scalbert and Williamson, 2000;Arts and Hollman, 2005;Kampa et al., 2007).
3.1.2. CLASSIFICACIO

Les substancies fenoliques constitueixen un grup molt nombrés de compostos que inclouen
families de compostos amb estructures molt diverses, algunes simples com els acids fenolics i

altres de molt complexes com els tanins. Els polifenols poden ser classificats en subgrups

13
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segons els seus grups funcionals (Taula 1) o la seva estructura base quimica (Taula 2)

(Harborne, 1989).

Taula 1: Classificacié dels compostos fenolics segons els seus grups funcionals.

Tipus

No flavonoids

Grup
Alcohols fenolics

Exemples
Tirosol

Acids benzoics

Acid galic, acid
protocatequic, acid
vainillic

Aldehids benzoics

Vainillina, sirigaldehid

Acidos cinamics

Trans -caféic, para -
cumaric, trans -ferulic

Esters dels acids
cinamics

Acid cutaric, acido caftaric,
acid fertaric, acid
clorogénic

Aldehids cinamics

Coniferaldehid,
sinapaldehid

Tanins hidrolitzables

Galotanins, elagitanins

Fenols volatils

Eugenol, 4-vinil-guaiacol

Flavonoids

Cumarines Escopoletina

Lignans Pinoresinol

Secoiridoids Ligstrosids, oleuropeina

, Resveratrol, Piceid

Estilbens S ’ ’
Viniferines

Flavones Apigenina, luteolina

Flavonols Quercetina, kampferol

Flavanones Naringenina, hesperidina

Flavanols o flavan-3-ols

Catequina, epicatequina

Antocianidines

Malvidina, pelargonidina

Isoflavones

Genisteina, daidzeina

Flavanonols

Dihidrofisetina,
dihidroquercetina

Proantocianidines o
tanins condensats

Proantocianidina B2

Xalcones

Buteiina, floretina
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Taula 1: Classificacid dels compostos fenolics segons Harbone (Harborne, 1989)

Compostos fenolics Estructura base

Fenols simples Ce

Acids hidroxibenzoics Ce-C;
Acetofenones i acids fenilacetics Ce-C,
Acids hidroxicinamics, cumarines, cromones Cs.C3
Lignans (Ce-Cs)2
Lignines (C6-C3)n
Naftoquinones Ce-C4
Benzofenones, xantones Ce-C1-Cq
Estilbens, antraquinones Cs-C>-Cs
Flavonoids Cs-C3-Cs
Biflavonoids (Ce-C3-Ce)2
Proantocianidines o tanins condensats (Ce-C3-Cs)n

Dels subgrups principals (Tomas-Barberan, 2003), els que presenten les estructures més
simples sén els acids hidroxicinamics i els acids hidroxibenzoic. Seguint I'ordre de complexitat
estructural es troben els estilbens. A continuacié apareixen els flavonoids, grup molt nombrés
del que es coneixen més de 5000 compostos (Harborne, 1989). La seva estructura basica és la
del 2-fenilbenzopirona (C6-C3-C6) (Figura 2) i es classifiquen en 8 subclasses: flavones,
flavonols, flavanones, flavanols o flavan-3-ols, antocianidines, isoflavones, flavanonols i
xalcones (Ross and Kasum, 2002). També s’han de destacar alguns lignans. Finalment, sén
també d’interés els tanins, polimers complexes classificats en base a la seva ruta de biosintesi i
a les seves propietats quimiques en tanins condensats i tanins hidrolitzables. Els primers sén
també anomenats proantocianidines, i com el seu nom indica sén polimers d’alt pes molecular

de les antociandines. Els segons sén polimers heterogenis formats per acids fenolics, en
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particular acid galic, i sucres simples. Son més petits que els tanins condensats i sén

hidrolitzats amb major facilitat.

Figura 2. Esquelet base (C6-C3-C6) del que deriven tots els flavonoids.

Dado que este trabajo de tesis doctoral esta focalizado en resveratrol, piceido y demas

estilbenos, le dedicaremos un apartado especial a esta familia de compuestos.
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3.2. Estilbens/Resveratrol

3.2.1. BIOSINTESI DEL RESVERATROL EN PLANTES

L’estructura quimica basica dels estilbens és la de 1,2-difeniletilé, d’ells el més important és el
resveratrol (3,4’,5-trihidroxiestilbé). Els estilbens presenten 2 estereoisomers: les formes cis (2)
i les formes trans (E). Les formes trans- poden isomeritzar-se en les formes cis- quan ‘ exposen

a les radiacions ultraviolades (Lamuela-Raventds et al., 1995).

El resveratrol és produit en algunes plantes superiors mitjancant I'enzim estilbeno sintetasa.
Aquest transforma una moléecula de p-coumaroil-CoA i tres molécules de malonil-CoA en el
resveratrol. Els mateixos precursors son els emprats com a substrat per la xalcona sintetasa en

la ruta metabolica dels flavonoids (Figura 3).

p-Coumaryl CoA +3 Malonyl CoA

Stilbene Chalcone
synthase synthase

[ OH

HO l SN
OH

Resveratrol (a stilbene) Tetrahydrochalcone (a chalcone)

OH O

Chalcone isomerase

Flavononol ——-

Flavonone

Flavonol \

Isoflavone Flavone Anthocyanidin

Figura 3. Ruta de biosintesi del resveratrol i dels flavonoids en plantes (Shahidi and Naczk,

2004).
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El piceid (resveratrol glucosid) és el derivat majoritari del resveratrol present en plantes. La
glucosidacid esta associada freqlientement a la necessitat d’incrementar 'emmagatzematge

dels compostos polifendlics.

D’altres estilbens, d’estructura similar al resveratrol, com el picetanol, pteroestilbé,
rapontigenin, raponticin, pinosilvin, del quals es presenten les seves estructures quimiques en
la Figura 4. D’aquests també s’han estudiat per les seves potencials propietats beneficioses

sobre malalties com la cardiovasculars o el cancer (Roupe et al., 2006)

R;
R, — R,
Ry N
R4 R;
R; R4
trans-Estilbé cis-Estilbé
Estilbens R; R, R; R,
Resveratrol H OH OH OH
Piceid H OH OH O-Glucosa
Rapontigenina OH OCH; OH OH
Raponticina OH OCH; OH O-Glucosa
Picetanol OH OH OH OH
Pinosilvina H H OH OH
Pterostilbé H OH OCH; OCHs;

Figura 4. Estructures quimiques dels estilbens (formes trans- y cis-)

L’enzim estilbeno sintetasa no es troba Unicament en el génere Vitis, sind que també es troba
present en almenys 72 espécies en el regne vegetal, perd d’aquestes només el raim (Cantos et
al., 2002b;Romero-Perez et al.,, 2001;Adrian et al., 2000), cacauets (Sobolev and Cole,
1999;Sanders et al., 2000;Lee et al., 2004;Chukwumah et al., 2007), festucs (Tokusoglu et al.,

2005;Gentile et al., 2007) i algunes baies (Burns et al., 2002;Lyons et al., 2003;Rimando et al.,
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2004;Wang et al., 2002c) es troben presents habitualment en la nostra dieta. En altres
aliments i plantes també es pot localitzar resveratrol i/o piceid en quantitats variables: te
itadori (arrel del tubercle Polygonum cuspidatum infusionada en te) (Burns et al., 2002), Ildpol
(Humulus lupulus) (Jerkovic et al., 2005;Callemien et al., 2005), alguna varietat de tomaquet
(Solanum lycopersicum) (Ragab et al., 2006), luca (Yucca schidigera) (Oleszek et al., 2001),
Polygonum cuspidatum (Gao et al., 2002), Caragana sinica (Shu et al., 2006), Ruibarbre (Rheum
undulatum) (Matsuda et al., 2001), eucaliptus (Eucaliptus sp.) (Hillis et al., 1974), Pterolobium
hexapetallum (Kumar et al., 1988), Bauhinia racemosa (Anjaneyulu et al., 1984), Veratrum
grandiflorum (Hanawa et al., 1992). La produccié d’aquesta fitoalexina esta molt estimulada
per I'estrés biotic (Romero-Perez et al., 2001) i I'abiotic (Rudolf et al., 2005;Chung et al., 2003)
qgue pateix la planta o el fruit, incrementant la seva produccié en cas d’infeccions fungiques,
exposicié a radiacions UV (Cantos et al., 2001;Cantos et al., 2002a;Cantos et al., 2003) i al
tractament amb 0z6 (Gonzalez-Barrio et al., 2006). La importancia biologica a nivell vegetal
dels estilbens, en general, i del resveratrol, en particular, es degut a la seva activitat

antifungica.

En I'actualitat s’esta investigant la transferencia del gen que codifica a I'estilbeno sintetasa a
altres especies vegetals com el tabac (Hain et al., 1993), I’ arros (Stark-Lorenzen et al., 1997), el
kiwi (Kobayashi et al., 2000), I'alfals (Hipskind and Paiva, 2000), I'ordi (Leckband and Lorz,
1998), el blat (Leckband and Lorz, 1998), la poma (Ruhmann et al., 2006;Szankowski et al.,
2003), I'enciam (Liu et al., 2006), o el tomaquet (Nicoletti et al., 2007) per augmentar la
resisténcia endogena a patogens d’origen fungic. Aquestes plantes transgéniques encara es
troben en fase experimental i, per aquesta rad, esta prohibit el seu us en alimentacié humana

o0 animal.

3.2.2. FONTS ALIMENTARIES | CONSUM DE RESVERATROL

Els estilbens majoritaris en els aliments sén el resveratrol i el piceid, en les seves formes cis i
trans. Com s’ha comentat en |'apartat anterior, fins al moment s’ha detectat el resveratrol i/o
el piceid en almenys 72 especies vegetals, sense tenir en compte les noves plantes

transgeniques.

El resveratrol es va detectar per primer cop al 1988 en pells de raims (Creasy and Coffee, 1988)
i posteriorment en el vi negre (Goldberg et al., 1995;Lamuela-Raventés et al., 1995;Mattivi et

al., 1995;Moreno-Labanda et al., 2004;Rodriguez-Delgado et al., 2002). En la década dels 90 la
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preséncia de resveratrol es va ampliar a altres derivats del raim com el most (Romero-Perez et
al., 1999;Vinas et al., 2000), vi rosat (Romero Perez et al., 1996), blanc (Alvarez-Sala et al.,
2000;Martinez-Ortega et al., 2000;Rodriguez-Delgado et al., 2002;Romero Perez et al., 1996) i
cava (Andres-Lacueva et al., 2002;Pozo-Bayon et al., 2003). Entre 1993-1995 es descubreix el
piceid en pells de raim i en els productes vinics, comprovant que la forma glucosilada en molts
casos és la majoritaria (Romero-Perez et al.,, 1999). Posteriorment els investigadors s’han
centrat en apreciar diferencies en el contingut d’estilbens deguts al raim: varietats (Cantos et
al., 2002b;Romero-Perez et al., 2001;Adrian et al., 2000), estat de maduracid, climatologia, sols
(efecte terroir) (de Andres-de et al., 2007), grau d’infeccio flungica (Romero-Perez et al., 2001),
i deguts a les diferents tecnologies utilitzades per a I'’elaboracio dels vins (Jeandet et al., 1995).
D’aquesta forma, fins a finals de la decada dels 90, les fonts alimentaries conegudes del
resveratrol i piceid eren exclusivament el raim i els derivats. Posteriorment el ventall
d’aliments en que s’ha cercat i s’ha detectat el resveratrol i el piceid ha anat incrementant-se a
alguna fruita seca com els cacauets (Sobolev and Cole, 1999;Sanders et al., 2000;Lee et al.,
2004;Chukwumah et al., 2007), la crema de cacauet (lbern-Gomez et al., 2000) i els fefstucs
(Tokusoglu et al., 2005;Gentile et al., 2007), les fruites del bosc com els nabius, groselles o
mores (Burns et al., 2002;Lyons et al., 2003;Rimando et al., 2004;Wang et al., 2002c), te itadori
(arrel del tubercle Polygonum cuspidatum infusionada en te, és molt poc consumit) (Burns et
al., 2002) o el llupol (Jerkovic et al., 2005;Callemien et al., 2005). En tots els casos, a excepciod
del te (0.974mg/100g), les concentracions trobades son molt inferiors, entre 0.006-

0.008mg/100g, a les descrites en el vi negre (0.847mg/100g).

La ingesta de resveratrol només ha estat estudiada per Levi et al (Levi et al., 2005) el qual
investiga la relacié entre el consum dietétic de trans-resveratrol i cancer de mama. D’aquest
estudi Unicament es disposen dels tertils, el segon tertil en el que esta inclosa la mediana de la
ingesta de raim i vi aporten 72.3-126.4ug/d i 0.1-176.8ug/d respectivament. En aquesta tesis
doctoral es presentaran les Uniques dades disponibles de consum de resveratrol i piceid en
humans en la cohort EPIC-Espanya (Zamora-Ros et al., 2007) on es va poder comprovar que el
98% del resveratrol prové de la ingesta de vi i la mitjana de la ingesta total és inferior als
137ug/d per a les dones i 686ug/d pels homes, perque s’inclouen el resveratrol i el piceid (tant

en les seves formes cis com trans).
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3.2.3. BIODISPONIBILITAT

Existeixen pocs estudis sobre biodisponibilitat en humans del resveratrol, por aquest motiu
son imprescindibles els treballs realitzats in vitro, ex vivo i en animals d’experimentacié, per a
obtenir un major coneixement sobre I'absorcid, el transport, el metabolisme i I'excrecié del
mateix. La figura 5 esquematitza el coneixement actual sobre la biodisponibilitat del

resveratrol.

El resveratrol s’absorbeix en el intesti prim, en major quantitat en el jeju que a l'ili, en aquest
ultim s’absorbeix Unicament un 38% de la quantitat que pot travessar el jeju (Kuhnle et al.,
2000). Estudis de perfusié de resveratrol en I'intesti prim aillat no s’observen diferencies entre
les recuperacions a diferents dosis (Andlauer et al., 2000). En canvi en cel-lules Caco-2 apareix
una absorcié dependent de la concentracid a les tres primeres hores i particularment de forma
lineal durant la primera hora (Kaldas et al., 2003;Maier-Salamon et al., 2006), tot i que després
de tres hores d’incubacié, la concentracid de resveratrol assoleix una planuria (Henry et al.,
2005;Maier-Salamon et al., 2006). A concentracions altes de resverarol, la concentracié en
cél-lules Caco-2 s’incrementa, confirmant que els sistemes de transport no es saturen (Henry

et al., 2005).

L'efecte matriu en I’absorcié del resveratrol ha estat provat al ingerir el polifenol dissolt en tres
diferents matrius (vi, suc de raim o suc de verdures) (Goldberg et al.,, 2003) o barrejat amb
diversos tipus d’apats (estandard, greixosa o magra) (Vitaglione et al., 2005) i s’ha demostrat
que no presenta diferéncies significatives en la biodisponibilitat en humans. La forma
glucosilada del resveratrol, el piceid, pot ser hidrolitzat per la B-glucosidasa (“Lactase Phlorizin
Hydrolase”) abans d’ésser absorbit pel enterocit o pot entrar al enterocit i alla ser hidrolitzat
per la B-glucosidasa (“Cytosolic- 6-Glucosidasa”) (Henry-Vitrac et al., 2006). El piceid també pot
ser absorbit directament como a tal, tot i que la quantitat i velocitat és 4 vegades menor que
I'aglicona en cél-lules Caco-2 (Henry et al., 2005). En estudis en humans, Meng et al conclou
que el resveratrol estandard s’absorbeix en major quantitat que el piceid aportat pel suc de
raim i per aquest motiu es troben diferents recuperacions en orina quan es comparen les
mateixes dosis en les dos formes (Meng et al., 2004). El mecanisme de trasport del resveratrol
en els enterocits ha estat dilucidat mitjangant I'estudi en cel-lules Caco-2, en les quals es va
comprovar que el trans-resveratrol travessa la membrana apical per transport pasiu, en canvi
el piceid utilitza el transportador actiu sodi-dependent SGLT1, tot i que el MRP2 també sembla
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estar involucrat en la regulacié del flux (Henry et al.,, 2005). El resveratrol i el piceid son
rapidament metabolitzats per el enterocit transformant-los majoritariament en les seves
corresponents formes glucuronidades i sulfatades del resveratrol. Les formes sulfatades en les
cél-lules Caco-2 sén majoritaries (Kaldas et al., 2003;Maier-Salamon et al., 2006), en canvi en
els experiments ex vivo amb perfusions en intesti prim aillat, sén les formes glucuronidades les

més abundants (Andlauer et al., 2000;Kuhnle et al., 2000).

A baixes concentracions de resveratrol (10uM) la conjugacié és quasi total (84%) en cél-lules
Caco-2, mentrestant a altes dosis (200uM) la metabolitzacié és solament del 7.6%, aixo pot ser
degut a la saturacié o a la inhibicid de les vies enzimatiques a altes concentracions d’estilbens
(Maier-Salamon et al., 2006). S’"ha comprovat que gran part de resveratrol, sobre tot a altes
concentracions, s’"acumula en els enterocits (fins a un 60%) arribant a ser el major organ diana
on exercir els seus potencials efectes beneficiosos (Kaldas et al., 2003;Maier-Salamon et al.,
2006). El resveratrol no absorbit a nivell de I'intesti prim arriba al colon, lloc on pot ésser
metabolitzat per la microbiota intestinal i absorbit en forma de dihidroresveratrol, conjugant-
se posteriorment en els seus respectius glucuronids i sulfats (Walle et al., 2004). Finalment el
resveratrol no absorbit pot trobar-se en femtes en un porcentatge molt dispar entre 0.3 i

38.1% de la ingesta en humans (Walle et al., 2004).

Una vegada ja absorbit, el resveratrol és transportat via porta fins al fetge. Una vegada all3, el
resveratrol aglicona és rapidament metabolitzat en glucuronids i sulfats per hidrosolubilitzar la
molecula i facilitar la futura excrecié urinaria. Estudis en microsomes hepatics han mostrat que
les formes glucuronidades sdn majoritaries després de la incubacié amb trans- i cis-resveratrol
(Aumont et al., 2001;Brill et al., 2006). La glucuronidacié en microsomes hepatics és estereo-
selectiva, I'isomer cis es conjuga entre 5 i 10 voltes més rapid que l'isomer trans (Aumont et
al., 2001). També s’ha comprovat que la conjugacio és regid-selectiva, la posicié 3 es conjuga
en major quantitat que la posicié 4’ en ambdds isdbmers (Aumont et al., 2001). Els enzims
hepatics responsables de la glucuronidazié del resveratrol sén la UDP-glucuronosil transferasa
familia 1A (UGT1A), en particular la UGT1A1 pel trans-resveratrol-4’-O-glucuronid i la UGT1A9
pel trans-resveratrol-3-O-glucurénido. En estudis amb hepatocits in vitro, els principals
metabolits sdn els glucuronids en humans mentre que en rata sén els sulfats (Yu et al., 2002).
En canvi de Santi et al. en bidpsies hepatiques en humans va trobar que el resveratrol es millor
substrat per les sulfotransferases (K, 0.601M) (de Santi et al., 2000c;de Santi et al., 2000b) que
per les glucuronosil transferases (K, 0.15uM) (de Santi et al., 2000a). Posteriorment el

resveratrol pot arribar a ser excretat per la bilis, i ser reabsorbit a nivell intestinal. Aquesta
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recirculacié enterohepatica provoca un segon augment en els nivells plasmatics a partir de les

6 hores posteriors a la ingesta (Marier et al., 2002).

Finalitzada la seva etapa hepatica, el resveratrol passa a circulacid sistemica, i pot ser
transportat unit a cél-lules sanguinies (Blache et al.,, 1997), eritrocits o plaquetes; i
lipoproteines, LDL in vitro (Blache et al., 1997) i en humans (Urpi-Sarda et al., 2005;Urpi-Sarda
et al., 2007), tot i que la major part (>50%) viatja unit a proteines plasmatiques (Burkon and
Somoza, 2008). La preséncia de resveratrol en plasma o serum en humans ha estat investigada
en diversos estudis resumits en la taula 3. Les concentracions maximes (C,,,,) de resveratrol i
dels seus metabolits apareixen als 30-60 minuts després de la seva ingesta (Goldberg et al.,
2003;Soleas et al., 2001), tot i que depenent del metabolit poden apareixer a les 3 hores
(Boocock et al., 2007;Vitaglione et al., 2005) i fins i tot a les 6-8 hores (Burkon and Somoza,
2008). Cal destacar que Unicament Vitaglione et al. Han estat capacos de detectar en plasma
d’humans petites concentracions de resveratrol i dels seus metabolits després de la ingesta de
quantitats dietetiques de resveratrol (Vitaglione et al., 2005), altres autors no han detectat cap
metabolit en plasma o sérum a dosis similars (Meng et al., 2004;Zamora-Ros et al., 2006). Els
temps de vida mitjana del resveratrol i dels seus metabolits en plasma oscil-la entre les 2.9 i les
11.5 hores tenint en compte el metabolit i la dosis d’ingesta (Boocock et al., 2007), tot i que en
un estudi es van arribar a detectar traces de radioactivitat a les 72 hores posteriors a la ingesta
de '“C-Resveratrol (Walle et al., 2004). E| resveratrol-3-sulfat sembla ser el metabolit més
abundant (56%) , seguit de les 2 formes glucuronidades (39%) i només el resveratrol aglicd
representa un 4.7% (Boocock et al., 2007). En un estudi recent s’"ha ampliat el perfil metabolic
del resveratrol en plasma, sumant a les estructures esmentades amb anterioritat els

diglucuronids i els disulfats (Burkon and Somoza, 2008) (Figura 6).

Respecte a la posterior distribucié del resveratrol en teixits. Els principals teixits diana, a part
del tracte gastrointestinal (intesti prim i colon), sdn els ronyons, el fetge i els pulmons, i en
menor quantitat se pot localitzar en melsa, cor, cervell i testicles (Asensi et al., 2002;bd El-
Mohsen et al., 2006;Vitrac et al., 2003).El resveratrol destaca per tenir la capacitat de travessar
la barrera hematoencefalica i poder exercir els seus efectes protectors a nivell del sistema

nervids central (Wang et al., 2002a).

La via d’excrecid majoritaria és I'orina (53-85%) i les femtes (0.3-38%) mesurades com a
radioactivitat total a partir de la ingesta de resveratrol marcat (Walle et al., 2004). En canvi

qguan lI'analisi es realitza emprant la medicio directa del resveratrol i dels corresponents
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metabolits, les recuperacions en orina disminueixen fins el 5-37% de la dosis ingerida
(Goldberg et al., 2003;Meng et al., 2004;Soleas et al., 2001;Urpi-Sarda et al., 2007;Walle et al.,
2004;Zamora-Ros et al., 2006;Boocock et al., 2007;Burkon and Somoza, 2008). Les
recuperacions del resveratrol ingerit en estudis en humans es troben resumides en la Taula 2.
L’excrecio urinaria arriba al seu maxim a les 4 hores després del consum i representa
aproximadament el 77% del total de I’excrecié (Boocock et al., 2007). Tot i que el resveratrol i
els seus metabolits poden apareixer en orina fins i tot 24 hores després del consum. El perfil
metabolic en orina ha anat ampliant-se paral-lelament al les millores i al desenvolupament de
les técniques analitiques utilitzades, actualment s’han identificat un total de 4
monoglucuronids (cis- i trans- en posicions 3 i 4’), 4 monosulfats (cis- i trans- en posicions 3 i
4’), 2 disulfats (trans-3,5- i trans-3,4’-), 2 diglucuronids (trans-2C/4’-O-diglucuronid i trans-
2C/5-0O-diglucuronid) resveratrol aglico, dihidroresveratrol monoglucuronid i monosulfat
(Figura 6 7). En orina, como sol succeir en plasma, semblen ser més abundants les formes

sulfatades que las glucuronidades i en molt menor proporcié I'aglico.

METABOLITS INTESTINALS

OR;
R¢O l l

OR;

R,0
trans-isomers cis-isomers

trans-lsomers

trans-Resveratrol-3-O-glucuronid: Ri1=acid glucuronid; R2yR3y R4 =H
trans-Resveratrol-4’-O-glucuronid: R1=H; R2=acid glucuronid; R3y R4 =H
trans-Resveratrol-2-C/4’-O-diglucuronid: R1y R3 =H; R2 y Ra=acid glucuronid
trans-Resveratrol-2-C/5-O-diglucuronid: R1y R2 =H; R3y R4=acid glucuronid
trans-Resveratrol-3-sulfat: R1=SO3H; R2=H; R3y R4 =H
trans-Resveratrol-4’-sulfat: R1=H; R2=SO3H; R3y R4 =H
trans-Resveratrol-3,4’-disulfat: R1y R2 =SO3H; R3y R4 =H
trans-Resveratrol-3,5-disulfat: R1y R3=SO3H; R2y Ra= H

cis-lsobmers

cis-Resveratrol-3-O-glucuronid: Rs=acid glucuronid; Re y R7=H
cis-Resveratrol-4’-O-glucuronid: Rsy R7=H; Re=acid glucuronid
cis-Resveratrol-3-sulfat: Rs=SO3H; Re y R7=H
cis-Resveratrol-4’-sulfat: Rsy R7=H; R6=SO3H

Figura 6. Estructura quimica dels metabolits intestinals del resveratrol trobats en orina i/o

plasma en estudis in vivo.
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METABOLITS DE LA MICROBIOTA

OH

OR;

Dihidroresveratrol: R1=H; R2=H
Dihidroresveratrol-glucuronid: R1=H o acid glucuronid; R2=H o acid glucuronid
Dihidroresveratrol-sulfat: R1=H 0 SO3; R2=H o0 SO3

Figura 7. Estructura quimica dels metabolits de la microbiota del resveratrol trobats en orina

en estudis in vivo (Walle et al., 2004).
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Taula 3. Estudis de biodisponibilitat de resveratrol en humans.
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Nombre Font de Dosis (mg/kg Excrecio
. Crmax (HM/L) tmax (h) ..
subjectes Resveratrol pes corporal) urinaria (%)
10 Homes 19-61 Estandard en 120mL 0.357mg/kg Resv 0.031 0.5-1 Total 24.6% (24h) (Soleas
(45%) de vi blanc (25mg total) Conjugats 338ug/L etal,
2001)
4 4 Homes 25-45 Estandard disolt en 0.357mg/kg Resv 0.037 0.5 17.0 (24h) (Goldber
(100%) 100mL suc vegetal (25mg/70kg) Conjugats 462.5ug/L getal.,
2003)
4 4 Homes 25-45 Estandard disolt en 0.357mg/kg Resv 0.031 0.5 16.8 (24h) (Goldber
(100%) 100mL vi blanc (25mg/70kg) Conjugats 409.9ug/L getal,
2003)
4 4 Homes 25-45 Estandard disolt en 0.357mg/kg Resv 0.035 0.5 16.0 (24h) (Goldber
(100%) 100mL suc de raim (25mg/70kg) Conjugats 416ug/L getal.,
2003)
1 1 Home 30-50 Estandard 0.03mg/kg n.d. Gluc 52 (24h) (Meng et
al., 2004)
1 1 Home 30-50 Estandard 0.5mg/kg n.d. Gluc 34 (24h) (Meng et
al., 2004)
1 1 Home 30-50 Estandard 1mg/kg Gluc 1.86 1.5 Gluc 26 (24h) (Meng et
al., 2004)
1 1 Home 30-50 200mL suc de raim 0.005mg/kg n.d. n.d. (24h) (Meng et
(0.32mg total) al., 2004)
1 1 Home 30-50 400mL suc de raim 0.009mg/kg n.d. n.d. (24h) (Meng et
(0.64mg total) al., 2004)
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1 1 Home 30-50 600mL suc de raim 0.014mg/kg n.d. Cuantificado (24h) (Meng et
(0.96mg total) al., 2004)
1 1 Home 30-50 1200mL suc de raim 0.027mg/kg n.d. Gluc 5.0(24h) (Meng et
(1.92mg total) al., 2004)
6 3 Homes 23-34 4C-resveratrol 0.385mg/kg 53.4-84.9% (72h) (Walle et
(50%) ORAL (25mg total) al., 2004)
5 23-34 ¥C-resveratrol 0.023mg/kg 42.3-83.2% (72h)  (Walle et
INTRAVENOS (1.5 mg total) al., 2004)
1 Estandard ORAL 1.538mg/kg Tr. Gluc 13 (1) (Walle et
(100mg total) Sulf 24 (3) al., 2004)
Total 37 (12h)

10 10 Homes 30 300mL vi negre 0.0034pg/kg Gluc 0.096 1 (Vitaglio
(100%) (25-40) Lambrusco + apat ne et al.,

2005)
5 1 Homes 29 600mL vi negre 0.0329ug/kg Gluc 0.687 0.5-2 (Vitaglio
(20%) (24-38) Cabernet Franc ne et al.,

2005)
10 3 Homes 31 600mL vino tinto 0.0075ug/kg Resv 0.004 0.5 (Vitaglio
(30%) (24-54) Aglianico + apat Gluc 0.150 1-2 ne et al.,,

2005)

5 5 Homes 25-28 250mL vi negre 0.077mg/kg t-4’ Gluc 0.13 (Urpi-
(100%) (5.4mg total) (0.19) Sarda et
t-3 Gluc 0.38 (0.59)  al., 2007)

c-4’ Gluc 0.75 (1.2)
c-3Gluc1.9(1.9)
t-4’ Sulf 0.01 (0.03)
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t-3 Sulf 0.16 (0.67)

c-4’ Sulf 19.6 (17.4)

c-3 Sulf 0.47 (2.2)
Total 23.4 (4h)

10 Homes 19-61 Estandard 7.14mg/kg Rev 0.32(0.16) 0.833 (0.5-1.5) 0.04 (0.05) (Boocock
(45%) (0.5g total) Gluc 1 1.00 (0.35) 2.00 (1.0-6.0) 2.0(0.4) etal.,
Gluc 2 0.91 (0.36) 1.50 (1.0-5.0) 8.9(2.6) 2007)
3-Sulf 3.69 (0.95) 1.50 (1.0-5.0) 11.4 (2.3)
Total 22.34 (24h)
10 Homes 19-61 Estandard 14.29mg/kg Resv 0.51 (0.38) 0.759 (0.5-4.0) 0.1(0.1) (Boocock
(45%) (1g total) Gluc1 1.17 (0.90) 2.25(1.0-6.0) 2.1(1.1) et al.,
Gluc 2 1.66 (1.35) 1.75 (1.0-5.1) 3.2(1.7) 2007)
3-Sulf 6.82 (21.39) 2.00 (1.0-5.0) 7.3(3.1)
Total 12.7 (24h)
10 Homes 19-61 Estandard 35.71mg/kg Resv 1.18 (0.65) 1.375 (0.5-4.0) 0.1(0.1) (Boocock
(45%) (2.5g total) Gluc1 2.16 (0.81) 2.375 (1.0-8.0) 1.7 (1.7) et al.,
Gluc 2 4.02 (2.88) 2.00 (1.0-6.0) 3.1(1.4) 2007)
3-Sulf 9.05 (2.46) 2.00 (1.0-5.2) 5.2(2.6)
Total 10.1 (24h)
10 Homes 19-61 Estandard r 71.43mg/kg Resv 2.36 (1.71) 0.833 (0.5-1.5) 0.1(0.1) (Boocock
(45%) (5g total) Gluc1 3.18 (1.47) 2.00 (1.0-6.0) 0.5 (0.3) etal,
Gluc 2 4.29 (2.85) 1.50 (1.0-5.0) 3.0(1.4) 2007)
3-Sulf 13.94 (6.69) 1.50 (1.0-5.0) 5.0(1.6)
Total 7.7 (24h)
9 9 Homes 23-41 Estandard de piceid 1.22mg/kg t-3-Sulf 0.95 (0.16) 1 4.53 (Burkon
(100%) disolt en 100mL t-3-4’-Disulf 0.33 (0.07) 6-8 1.71 and
d’alcohol (15%) + t-3-5-Disulf 0.94 (0.17) 6-8 7.18 Somoza,
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400mL de llet 3-Gluc 0.16 (0.04) 6 2.99 2008)
semidesnatada 4’-Gluc 0.19 (0.05) 6 0.69
(2) t-Digluc 0.35 (0.09) 6 2.65

Tot 13.6-35.7(48h)

*Calculat a partir de pesos de referencia: 70kg per a homes i 60kg per a dones.

Resv: resveratrol; Gluc: glucuronids; Sulf: sulfats; Digluc: diglucuronids; Disulf: disulfats.
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3.2.4. EFECTES BENEFICIOSOS

3.2.4.1. MALALTIA CARDIOVASCULAR

La malaltia cardiovascular, segons el Ministeri de Sanitat i Consum espanyol (2004) representa
un 33.3% de la mortalitat total a Espanya, aquestes dades sén extrapolables a la majoria de

paisos desenvolupats (Ministerio de Sanidad y Consumo., 2004).

La importancia del resveratrol com a possible compost protector enfront a la malaltia
cardiovascular va sorgir a partir de diversos estudis epidemiologics, el primer i més destacable
va ser portat a terme per Renaud i Lorgeril (1992) denominat la Paradoxa Francesa (Renaud
and de Lorgeril, 1992). Al 1992 es va associar el vi com a factor protector de la mortalitat
cardiovascular a Franga. Aquest pais presenta un elevat consum de greixos saturats tot i que té
una mortalitat cardiovascular menor que determinats paisos del nord d’Europa amb dietes
similars en greixos saturats pero amb menor consum de vi. Aquell mateix any es va descobrir la
preséncia de resveratrol en el vi (Siemann and Creasy, 1992), i se li van associar part d’aquests
possibles efectes cardioprotectors del vi. Posteriorment diversos estudis han confirmat
aquests efectes beneficiosos del raim i el vi enfront a la malaltia cardiovascular (Baur and
Sinclair, 2006;Bradamante et al., 2004;Delmas et al., 2005a;Fremont, 2000). Els efectes
estudiats corresponen a una disminucid de [I'agregacié plaquetaria, promocié de la
vasorelaxacié, reduccid de la peroxidacio lipidica i disminucié de les concentracions sériques

de colesterol i triglicerids.

RESVERATROL | ARTERIOSCLEROSI

L'aterosclerosi és la major causa de dany coronari i particularment de malaltia vascular
isquémica. Actualment es coneix que I'aterosclerosi és un procés inflamatori cronic en la paret
de les grans arteries que ocorre en resposta a una agressié sobre I'endoteli. El procés
arteriosclerotic és el resultat de la modificacio de les reaccions normals entre els components
sanguinis i els de la paret arterial. La placa d’ateroma té el seu origen en la placa lipidica que
s’observa ja al néixer en les grandes arteries i es va transformant amb el temps en la placa
d’ateroma. Inicialment provoca simptomes, pero que sol manifestar-se quan venen associats
als factors de risc de I'aterosclerosi, tals com diabetis, hipertensid, consum de tabac, nivells de

colesterol LDL elevats (>160mg/dL) o de HDL baixos (<40mg/dL).

Els factors de risc provoquen esquingades en la llum de las arteries de tamany mitja i gros, en
els que es depositen substancies d’origen lipidic, es produeix inflamacié i finalment una

reduccio de la llum de les arteries amb la conseqient obstruccio al flux sanguini. El colesterol-
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LDL es diposita dintre de les plagues d’ateroma quan la concentracid de les liproproteines de
baixa densitat o LDL és elevada. Les cél-lules de la paret arterial interpreten aquest deposit
com una invasié activant al sistema inmune que provoca una resposta inflamatoria. Les
cel-lules immunitaries excitades sén els monocitos circulants que penetren en la paret de
I'arteria, es transformen en macrofags i comencen a fagocitar particules de LDL, transformant-
se en cel-lules escumoses. La inflamacié forma també una capsula de teixit fibrés entre la placa
d’ateroma i I'arteria. Quan va avancgant la placa d’ateroma, es produeix un estretament o
estenosi de I'arteria, inicialment parcial, fins a evolucionar a una completa obstruccié. A més a
més la placa d’ateroma és relativament fragil i pot trencar-se, sagnar i formar un trombo o
desprendre’s de la paret de I'arteria i finalment provocar un trombo (Figura 8).

El resveratrol pot actuar en diversos estadis de |'aterogenesi: acumulacio lipidica i oxidacio de
les LDL, infiltracié de monaocits i limfocits, proliferacid i migracid de les cél-lules musculars llises

i sobre |'agregacio plaquetaria (Baur and Sinclair, 2006;Bradamante et al., 2004;Delmas et al.,

2005a;Fremont, 2000).
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RESVERATROL | LIPOPROTEINES, COLESTEROL | TRIGLICERIDS

Augments en els nivells de lipoproteines LDL i VLDL contribueixen a la promocié de la
aterosclerosi. En estudis in vivo, el resveratrol ha demostrat no influenciar significativament i
de forma directa en la disminucié del colesterol i triglicerids sérics (Wang et al., 2002d), tot i
que hi ha algun estudi en el que si es podria observar una reduccié de triglicérids i VLDL (Zern
et al., 2003). També s’ha de destacar que en rates hipercolesteromiants, s’ha observat una
disminucid, tant dels lipids totals (colesterol total i triglicerids) com de las lipoproteines LDL i
VLDL (Kollar et al., 2000). En conills amb dietes riques en colesterol, el tractament amb

resveratrol va servir per reduir la placa d’ateroma (Miura et al., 2003).

Els mecanismes per els quals el resveratrol té la capacitat de disminuir les lipoproteines sén
diversos i estan actualment en estudi. En humans s’ha comprovat que el resveratrol pot arribar
a les LDL després d’una ingesta de vi negre (Urpi-Sarda et al., 2005). El resveratrol redueix el
contingut i la secrecié de I'apolipoproteina B (Pal et al., 2003), que és la responsable de la
sintesi de les LDL i VLDL. El resveratrol també modula el ratio de secrecié de triglicerids
sanguinis, provocant una reduccid d’aquests, sense modificar els nivells de triglicerids
intracel-lulars. Aquesta situacié podria afavorir una disminucié dels nivells de VLDL, rics en
triglicerids amb un potencial efecte aterogénic (directament suplementant de colesterol als
fibroblasts, produint alteracions endotelials i transformant els monocits-macrofags en cél-lules
escumoses). S’ha descrit que el resveratrol podria presentar un potencial efecto estrogénic
(Gehm et al.,, 2004;Bhat et al., 2001), degut a aquest efecte, el resveratrol podria també
estimular I'expressié d’E-RmRNASF, que podria modular i bloquejar alguns aspectes del
metabolisme hepatic de les lipoproteines, les quals predisposen en Ultima instancia a

I’aterosclerosi (Ratna and Simonelli, 2002).
RESVERATROL | ESTRES OXIDATIU

El segon factor en la formacié de la placa d’ateroma és l'oxidacié de la LDL en l'intima
fortament associat amb el risc de patir malaltia coronaria i infart de miocardi. La peroxidacié
lipidica és una reaccid en cadena induida per diferents fonts de radicals Iliures que estimulen
I'agregacid plaquetaria i promouen [Iactivitat procoagulant en la superficie dels

monaocits/macrofags.

Tot i que el resveratrol ha mostrat exercir un efecte antioxidant, aquest no seria el seu efecte

més predominant i encara se desconeix si actuaria com agent quelant i antiradicalari (Frankel
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et al., 1993;Fremont et al., 1999) o activant diverses rutes metaboliques o enzimatiques amb

marcada activitat antioxidant (Floreani et al., 2003).

Frankel et al (Frankel et al., 1993) van ser els primers investigadors que van demostrar que el
resveratrol podria prevenir I'oxidacio de les LDL in vitro, gracies a la seva accidé quelant sobre el
coure (metall amb marcada accié pro-oxidant) i a la seva capacitat antiradicalaria (Fremont et
al., 1999;Belguendouz et al.,, 1997). A més a més d’aquesta accidé directa, el resveratrol té
I’habilitat de modular diversos sistemes enzimatics presents en les cel-lules endotelials i
macrofags implicats en |'oxidacié de les LDL. El resveratrol podria prevenir o disminuir
I'activitat de la NAD(P)H oxidasa, hipoxantina/xantina oxidasa, mieloperoxidasa i augmentar
I'activitat de la superoxid dismutasa, catalasa, glutation peroxidasa, glutation reductasa,
glutation-S-transferasa i la NQO1 (Delmas et al., 2005a). L’accié d’aquests enzims consisteix en
contribuir a la reduccié de la formacid intracel-lular en cél-lules endotelials de les especies

reactives de |'oxigen i a la inhibicié de I'adhesié de leucocits.

L'oxidacio induida per les cel-lules endotelials o pels macrofags depen dels lipoperoxids
generats intracel-lularmente i posteriorment transferits a les LDL. Les lipooxigenases,
especialment la lipooxigenasa 15, estan involucrades en aquest procés i iversos estudis han

comprovat |'efecte inhibidor del resveratrol sobre les lipooxigenases (Pinto et al., 1999).

La ferrilmioglobina i el peroxinitrilo també sén potents oxidants implicats en I'oxidacié de les
LDL. S’ha observat que el resveratrol podria provocar una disminucié de I'acumulacié
d’hidroperoxids en les LDL promoguts per la ferrilmioglobina gracies a la reduccié del complex
oxoferril amb la metilmioglobina. A més a més el resveratrol inhibeix les modificacions en les

apoproteines de les LDL induides pel peroxinitrilo (Brito et al., 2002).
RESVERATROL | MACROFAGS

En condicions normals, els monocits entren per diapédesi en I'espai subendotelial, on es
diferencien en macrofags. Quan apareix una disfuncié endotelial, els monocits circulants
s’adhereixen a I'’endoteli arterial, migrant directament a I'espai subendotelial, diferenciant-se
en macrofags residents dintre de la matriu subendotelial. La LDL oxidada estimula I’expressio
dels receptors CD36 i SR-A en monocits, macrofags i cél-lules musculars llises, que en
situacions normals no es troben expressades. Aquests receptors internalitcen les LDL oxidades

de forma especifica, provocant una acumulacié massiva d’ésters de colesterol fins que es
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produeix la formaciéo de la cél-lula escumosa. Aquestes provoquen la placa lipidica que

precedeix a estadis més avancats de lesid ateriosclerotica (Delmas et al., 2005a).

L'expressié del receptor SR-A és regulat per la prostaglandina E2, la qual és expressada per la
ciclooxigenasa 2 en les cel-lules de musculatura llisa i aquesta ultima es troba inhibida pel
resveratrol (Mietus-Snyder et al., 2000). L’activitat del receptor SR-A en les cel-lules de
musculatura llisa també esta incrementat per diversos factors del creixent com poden ser la IL
1, el TNFa, el factor de creixement epidermic, factor de creixent derivat de les plaquetes i el
factor de creixement [ transformat. El resveratrol té la capacitat de reduir I'activitat dels
receptors SR-A en les cél-lules de musculatura llisa mitjangant I'actuacié sobre els factors
nuclears enumerats anteriorment (Kaneuchi et al., 2003). Per aquesta rad la reduccié de la
interaccio entre la LDL oxidada i aquests receptors dels macrofags contribueixen a prevenir un

estadi molt prematur en I'aterogenesi.
RESVERATROL | LA FORMACIO DE CEL-LULES ESCUMOSAS

La LDL oxidada estimula les cel-lules endotelials perqué produeixin quimiocines i factors
estimulants de granulocits i macrofags, que tenen una activitat quimiotaxica directa sobre els
monocits de I'endoteli. El resveratrol redueix la produccié de quimiocines responsables de la
guimiotaxis i de I'acumulacié de macrofags en la placa lipidica arterial, etapa inicial de la placa

d’ateroma (Delmas et al., 2005a).
RESVERATROL | CEL-LULES VASCULARS DE MUSCULATURA LLISA

La proliferacid i migracié de les cél-lules vasculars de musculatura llisa contribueix al progressiu
engrosament de la intima i al desenvolupament de la paret arterial esclerotica. Les LDL
oxidades promouen la proliferacié de les cel-lules vasculars de musculatura llisa, les quals
acumulen grans quantitats d’ésters de colesterol que es convertiran en cel-lules escumoses

(Delmas et al., 2005a).

El resveratrol a baixes concentracions (6.25-12.5 uM) inhibeix la proliferacio de les cél-lules
vasculars de musculatura llisa sense apoptosis, mitjancant els seus efectes antimitogenics
bloquejant la transici6 G1->S del cicle cel-lular i la sintesi d’ADN. No obstant elevades
concentracions de resveratrol (25 puM) indueixen I'apoptosis en les cel-lules vasculars de
musculatura llisa estimulades del serum perd no en les cél-lules vasculars de musculatura llisa

inactives (Mnjoyan and Fujise, 2003).
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RESVERATROL | LA VASORELAXACIO

El resveratrol té la capacitat de modular la produccié de vasoconstrictors (com I'endotelina-1)
(Liu et al., 2003) i vasodilatadors endogens (com el NO) (Das et al., 2005), que sén els
responsables de la motilitat dels vasos sanguinis que estan afectats en I'aterosclerosi. En les
cél-lules vasculars de musculatura llisa I'estrés oxidatiu incrementa I’endotelina-1. El
resveratrol inhibeix la secrecié d’endotelina-1 mitjancant I'atenuacié de l'activador de la
proteina-1, i interfirient en la via de I'ERK1/2 a través de la reduccié de la formacié de les
especies reactives de l'oxigen (ROS) (Liu et al., 2003). El resveratrol també pot reduir
I'expressio de I'endotelina-1 modulant varis del seus estimuladors com podrien ser
I"angiotensina Il (Miyazaki et al., 2008), trombina, PDGF-A i TNFo. . Aquesta accid és deguda a
I’atenuaciod per part del resveratrol de la fosforilacié de diversos enzims, com el p70(S6K), PKB,
ERK y ERK1/2, involucrats en la hipertrofia regulada per I'angiotensina Il (Olson et al.,,

2005;Haider et al., 2002).

La vasorelaxacié també pot ser dependent de la produccié d’oxid nitric. El resveratrol modula
els nivells de NO mitjancant la seva accié sobre la eNOS i la iNOS. En condicions normals les
cél-lules endotelials produeixen NO a baixes concentracions per a controlar la dilatacié dels
vasos sanguinis. No obstant, en situacions avancades d’arteriosclerosi, s’han trobat nivells de
NO elevats. El resveratrol ha mostrat la seva capacitat per relaxar I'endoteli intacte, contret
préviament, de |'aorta de rates a través de I'augment del NO via eNOS (Andriambeloson et al.,
1997;Flesch et al., 1998). Tot i que en arteries aillades d’humans amb malaltia coronaria, la
capacitat de vasorelaxacid mitjangant mecanismes NO-dependents es perd, en canvi pot
apareixer una dilatacié deguda a mecanismes NO-independents (Cruz et al., 2006). A nivell
molecular, el resveratrol pot comporta-rse com un fitoestrogen sobreestimulant la eNOS i
augmentant l'activitat promotora, I'estabilitzaci6 del mARN eNOS i la propia activitat de la

eNOS, modulada per I'activitat del factor transcriptor Sp1 (Wallerath et al., 2002).

La vasorelaxacid també pot ser dependent de la ruta del cGMP, ja que el resveratrol
incrementa el cGMP en las arteries coronaries, degut majoritariament a |'activacié de la
guanilil ciclasa particulada (EI-Mowafy, 2002). A nivell molecular, la cGMP/kinasa-G és un
antiproliferatiu de la senyalitzacié en les cél-lules de musculatura llisa i a més a més dilata els
vasos sanguinis a través de la reduccid del calci intracel-lular. La vasorelaxacié produida pel
resveratrol pot ser atribuida a la capacitat que té d’estimular els canals K'/Ca®" (Li et al., 2000),

i augmentar el NO a nivell endotelial.
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RESVERATROL I L'AGREGACIO PLAQUETARIA

L'agregacié plaquetaria excessiva o inapropiada pot liderar la formacié del trombo, i en
conseqiliéncia obstruir el vas sanguini. El resveratrol redueix I'agregacié plaquetaria induida
per la trombina i I’ADP (Bertelli et al., 1995;0las et al., 2002;Wang et al., 2002e). La trombina
disminueix I'activitat endotelial de la ectonucleotidasa provocant alts nivells d’ADP i ATP que
lideren I’activacio endotelial plaquetaria (Kaneider et al., 2004). A més a més, I'activacio de les
plaguetas per la trombina produeixen ROS, el resveratrol tindria la capacitat antiradicalaria per
a neutralitzar aquestes especies (Olas and Wachowicz, 2005). Un altre component involucrat
en la agregacid plaquetaria seria el factor activador plaquetari (Fragopoulou et al., 2000) i el
resveratrol podria inhibir I'efecte pro-agregant i pro-inflamatori, degut a la alliberacié de
tromboxans A, i leucotriens, estimulats pel factor activador plaquetari (Shigematsu et al.,

2003).

La sintesi d’eicosanoids i leucotriens de I’acid araquidonic esta molt relacionada amb
I'agregacid plaquetaria i es troben involucrades diverses rutes metaboliques com la de la
lipooxigenasa, la de la ciclooxigenasa i la de la prostaglandina H. El resveratrol inhibeix les
lipooxigenasas prevenint la alliberacié de substancies pro-inflamatories, i consecuentement
bloquejant la sintesi d’hepoxilines, mediadores de la mobilitzacié del calci, permeabilitat
vascular i I'activacié dels neutrofils. El resveratrol també modula la ruta de les ciclooxigenases,
inhibint de forma preferent I'activitat de la COX1. Les 2 isoformes de les COX (COX1 i COX2)
juguen un paper fonamental en la sintesi de prostaglandines que regulen I’homeostasis
vascular. Els tromboxans A,, que es troben sintetitzats per la COX1 en les plaquetes, sén uns
potents inductors de I'agregacié plaquetaria i de la vasoconstriccié. Mentre les prostaciclines,
sintetitzades per la COX2 en les cél-lules vasculars de I'endoteli, sén un potent antiagregant
plaquetari i vasodilatador. In vivo la capacitat antiagregant del resveratrol s’"ha comprobat en
conills en els que es bloqueja l'agregacid plaquetaria induida per una dieta
hipercolesterolémica. També s’ha demostrat en ratolins genéticament hipercolesterolémics
(apoE-/-/LDLR-/-) reduint I'area arteriosclerotica i la mida del trombo en I'endoteli induit

mitjancant laser.
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RESVERATROL | MODULACIO DE FACTORS NUCLEARS

El resveratrol té la capacitat de modular la comunicacié cel-lular i I'expressid de gens
involucrats en el desenvolupament de la arteriosclerosi com la cascada MAPK. El resveratrol
pot actuar inhibint la fosforilacié de la proteina quinasa C (Stewart et al., 1999), PI3K, Akt/PKB i
ERK1/2/JNK/p38 que activen la cascada MAPK (Delmas et al., 2005b).

En referéncia a la capacitat de modificar I'expressié genetica, el resveratrol té la capacitat
d’actuar sobre els factors nuclears com el NFKB, que esta implicat tant en la iniciacid i la
progressié de l'arteriosclerosi, com també en processos cancerigens (Thurberg and Collins,
1998). Mitjancant I'atenuacié de I'activitat d’alguns factors nuclears com I'AP-1, GATA o el ja
anomenat anteriorment NFKB, el resveratrol pot modular I'expressié de diversos gens (iNOS,
COX-2, ET-1, MCP-1, VCAM-1, ICAM-1, SR-A, IL-1, IL-6) (Tsai et al., 1999;Murias et al., 2004;Liu
et al., 2003;Collins and Cybulsky, 2001) molt involucrats en l'arteriosclerosi i en la resposta

inflamatoria (Delmas et al., 2005b).

RESVERATROL i INFLAMACIO

La inflamacié presenta un rol molt important en el desenvolupament de la malaltia
cardiovascular. Les ciclooxigenases tenen un paper crucial en la produccié de molecules pro-
inflamatories, i el resveratrol és un inhibidor efectiu de I'activitat ciclooxigenasa in vivo. En
rates amb una administraciod de resveratrol intravends disminueix la inflamacid associada a la
formacié de superoxid generat mitjancant isquémia/reperfusio, produccié d’oxidants per
hipoxantina/xantina oxidasa o per |'activacio del factor plaquetari. No obstant no afecta a la

inflamacid provocada pels leucotriens B,, un mecanisme independent a la ruta del superoxid.

Per un altre banda, el resveratrol contribueix a la reduccié de la resposta inflamatoria en
I'arteriosclerosi quan els macrofags, cél-lules de musculatura llisa o cél-lules endotelials son
activades i produeixen nombrosos productes pro-inflamatoris, com és el cas del TNFa,
interleukina-6, la proteina 1 quimioatraient dels monocits (CMP-1) (Zhu et al., 2008). El
resveratrol té la capacitat de disminuir la produccié de citocines pro-inflamatories, que regulen
I'expressié de les molecules d’adhesié (VCAM-1 i ICAM-1). Aquesta inhibicié ocorre en rates al
mateix nivell en un interval de concentracions plasmatiques molt ampli (d’un fins a 100
mmol/L), aix0 suggereix que el resveratrol pot actuar com a un interferent rapid de la senyal

molecular en el mecanisme de I'expressié de les VCAM-1 i ICAM-1.
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3.2.4.2. CANCER

La mortalitat deguda a malalties relacionades amb el cancer, segons el Ministeri de Sanitat i
Consum espanyol (2004), representa un 26.1% de la mortalitat total, aquestes dades podrien
ser extrapolades a la gran majoria de paisos desenvolupats (Ministerio de Sanidad y Consumo.,

2004).

En 1997 Jang i col-laboradors van publicar els potencials efectes quimiopreventius i
quimioterapeutics del resveratrol sobre els tres estadis de la carcinogénesi (iniciacié, promocié

i progressio) (Jang et al., 1997).
RESVERATROL | ANGIOGENESI

La creacié de nous vasos sanguinis és una etapa essencial en el creixement de tumors de
diametre superior a 2-3 mm (Baur and Sinclair, 2006). Dosis regulars de 2,5 a 100 mg/kg de pes
corporal de resveratrol en rates inhibeix la neovascularitzacié induida per tumors previament
induits (Tseng et al., 2004) i cicatritzats (Brakenhielm et al., 2001). A dosis diaries de 48ug/kg
de pes corporal en ratolins, el resveratrol té la capacitat d’inhibir la vascularitzacié en assaigs
de butxaca corneal (“corneal micropocket”) (Brakenhielm et al., 2001). El resveratrol pot
modular diversos enzims i factors involucrats en I'angiogénesi com sén les COX, ODC i la PKC
(Baur and Sinclair, 2006;Delmas et al., 2005a). De tots aquests treballs es despren la hipotesi
de que el resveratrol podria tenir un paper important en la inhibicié de la vascularitzacid i el

creixement dels tumors cancerigens.
RESVERATROL | ENZIMS

Estudis epidemiologics han evidenciat que la inhibicié de la COX a llarg termini podria reduir
significativament el risc de desenvolupar diversos tipus de cancer. La privacio de la codificacié
del gen de la COX 2 protegeix a ratolins amb cancer colorectal. El resveratrol redueix I'activitat
total de la COX en tumors i teixits normals in vivo mitjangant la inhibicié de I’activitat de la COX

1ilareduccid de la COX 2 (Baur and Sinclair, 2006).

L’ornitina decarboxilasa (ODC) també té un paper important en la carcinogenesi a través de la
inhibicié de la PKC (Stewart et al., 1999). El resveratrol no inhibeix directament I'activitat de la
ODC (Schneider et al., 2000), pero redueix la seva expressio in vivo i pot prevenir la seva
induccid per carcinogens (Afaq et al., 2003). Per aquest motiu el resveratrol podria enlentir el

desenvolupament del tumor a través de multiples mecanismes complementaris.
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RESVERATROL | EL METABOLISME DE MEDICAMENTS

El metabolisme de farmacs esta dividit en dos fases que involucren diferents tipus d’enzims. En
general, els enzims de Fase |, consisteixen principalment en el citocrom P450s i en les flavin
monooxigenases. Aquests enzims oxiden, redueixen o hidrolitzen molécules estranyes per
convertir-les en molécules més polares que facilitaran la seva posterior excrecid, tot i que
aquests enzims, els citocroms P450s majoritariament, també poden estar implicats en
I'activacié d’alguns pro-cancerigens. Els enzims de Fase Il inclouen enzims conjugadors i
antioxidants que sén els encarregats de detoxificar les molecules més perilloses, incloent els
productes toxics provinents dels enzims de Fase |. Existeixen diversos agents quimiopreventius
que incrementen l'activitat dels enzims de Fase Il, considerats com una prometedora

estrategia enfront la prevencio del cancer.

El resveratrol, in vitro, inhibeix I'activitat enzimatica de diversos citocroms P450s (Chang et al.,
2000;Yu et al., 2003a) i a més bloquegen la seva transcripcido mitjangcant antagonistes del seu
receptor aril hidrocarboni (Ciolino et al., 1998;Ciolino and Yeh, 1999). No obstant la inhibicié
del citocrom P450 podria alterar la farmacocineética d’altres farmacs. El resveratol s’"ha mostrat
com un potent inductor de I'expressié dels enzims en Fase Il in vitro (Cao and Li, 2004). Per
aquests motius, el resveratol es confirma com un inhibidor dels gens que codifiquen els enzims
de Fase | i com activador dels enzims de Fase Il mitjancant cADN array i la PCR transcriptasa
reversa usant fetges de rates tratades amb resveratrol. Gracies a la seva activitat sobre els
enzims metabolitzadors de medicaments, el resveratrol pot prevenir |'activacié de pro-
carcinogens mentre simultaniament incrementa la capacitat d’eliminar molecules

potencialment perilloses.

RESVERAROL | ALTERACIO EN EL CICLE CEL-LULAR | APOPTOSI

Un altre mecanisme pel qual el resveratrol podria lluitar contra la formacié de tumors
cancerigens és la inhibicié del cicle cel-lular i induccié de I'apoptosi. L'efecte antiproliferatiu i
pro-apoptotic del resveratrol en linies cel-lulars tumoroses esta ampliament documentat
(Aggarwal et al., 2004) i es basa en la inhibicid del cicle cel-lular de proteines (Yu et al., 2003b) i
I"augment de I'apoptosi en models tumorals in vivo (Fulda and Debatin, 2006). Altres estilbens
com el pteroestilbé també poden actuar inhibint el creixement o activant I'apoptosi cel-lular
en el melanoma B16 (Ferrer et al., 2005;Ferrer et al., 2007), aquests efectes podrien ser deguts
per la mediacid dels estilbens sobre la generacié de NO, un potencial regulador biologic de
I’'apoptosi (Chung et al., 2001).
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RESVERATROL | ESTRES OXIDATIU

Les especies reactives de I'oxigen participen en la iniciacio i la progressié del cancer, alterant
I’ADN i altres macromolécules (Hansen et al., 2007;Sgambato et al., 2001). El resveratrol pot
actuar directament en la modulacié dels enzims antioxidants, que pertanyen als enzims de
Fase Il, a més el resveratrol pot tenir activitat antioxidant de per se, tot i que no seria la seva
activitat principal. In vivo, el resveratrol incrementa la capacitat antioxidant del plasma i
disminueix la peroxidacio lipidica (Wenzel et al., 2005;Sengottuvelan et al., 2006), no obstant
existeix una gran dificultat en valorar si I'efecte antioxidant del resveratrol és degut a la seva

activitat o a la seva capacitat de modular els enzims de Fase Il.

3.2.4.3. RESVERATROL | ENVELLIMENT

El envelliment és un procés natural que avanga de forma inalterable en tots els organismes
vius. Els mecanismes bioquimics involucrats en I'envelliment sén encara confusos, un dels
factors més conegut i rellevant és el genetic. No obstant, actualment, els factors
medioambientals, en els que s’inclou I'alimentacié estan augmentant el seu protagonisme, ja
qgue podrien estar involucrats en I'expressio i/o alteracié génica. Un exemple que evideéncia
aquesta situacié va ser demostrat en la illa de Okinawa, on existeixen varies families japoneses
amb una elevada esperangca de vida. Part d’aquesta poblacié va emigrar a Brasil i
progressivament van anar modificant els seus habits alimentaris (canviant una dieta basada en
peix i hortalisses per una dieta amb una ingesta calorica superior al 30% i amb un consum alt

de carns grasses) provocant una disminucié en la seva su esperancga de vida.

Observacions epidemiologiques (Willcox et al., 2007a;Willcox et al., 2006;Willcox et al.,
2007b;Willcox et al., 2007c) i assaigs amb animals (Sinclair, 2005;Ingram et al., 2004) han
mostrat que una reduccié d’entre un 30 i un 40% de la ingesta calorica habitual (ad libitum) és
la forma més robusta i reproduible per retardar el envelliment i les malalties relacionades amb
aquest procés i d’agquesta manera augmentar I'esperanga de vida (Roth et al., 2005;Roth et al.,
2000). La restriccio calorica redueix I'arteriosclerosi (Rajala and Scherer, 2003), la inflamacio
(Chung et al., 2002), els efectes de I’envelliment (Kim et al., 2002a;Kim et al., 2002b;Kim et al.,
2002c;Yu and Chung, 2001), la resisténcia insulinica en el teixit adipos (Bergamini et al., 2003),
i la autofagia lisosomal (Bergamini et al., 2003). Aquest fenomen esta caracteritzat per un gen

silenciador, disminuint I'expressid de gens metabolics com és el cas dels que codifiquen
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I’'hnormona del creixement-IGF1 (Al-Regaiey et al., 2005;Masternak et al., 2006). Sota els
efectes de la restriccié calorica, el consum alterat d’oxigen modifica la ratio NAD'/NADH i

lidera I’activacié NAD'-depenent de la sirtuina (Howitz et al., 2003).

La sirtuina és una proteina denominada reguladora silenciosa de la informacio, i pertany a la
familia de les deacetilases NAD*-dependent. En mamifers, set gens de la sirtuina han esta
identificats (SIRT1-7) (Baur et al., 2006b). La funcié principal de la SIRT 1 sembla ser la de
promoure la supervivencia i la resisténcia al estrés en temps d’adversitat, i es creu que intervé
en la majoria dels efectes beneficiosos de la restriccid calorica (Guarente and Picard, 2005).
Degut a les seves prometedores funcions, diversos autors han realitzat un exhaustiu cribat
entre més de 20000 molécules, per identificar 25 molecules capaces d’augmentar, in vitro,
I'activitat de la SIRT 1 (Howitz et al., 2003). El resveratrol ha resultat ser un potent inductor de

|’activitat de la SIRT 1.

Posteriorment, el resveratrol s’ha estudiat en diversos tipus d’organismes per comprovar el
seu potencial efecte sobre les sirtuines. El resveratrol va perllongar I'esperanca de vida (Figura
9) en llevats (Saccharomyces cerevisiae) (Howitz et al., 2003), en organismes invertebrats:
Caenorhabditis elegants (Wood et al.,, 2004;Viswanathan et al., 2005) i Drosophila
melanogaster (Wood et al., 2004;Bauer et al., 2004); i més recentment en vertebrats:
Nothobranchius furzeri (Valenzano et al., 2006) i en ratolins amb dietes hipercaloriques (Baur
et al., 2006b) (Figura 10) a través de la via de la Situina-2 (Sir2)-dependent. Tot i que,

actualmente alguns autors estan posant en dubte el seu efecte (Garber, 2008).
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Figura 9. Esperanca de vida en organismes tractats amb resveratrol (Baur and Sinclair, 2006).

La SIRT 1 regula diversos processos metabolics com la produccié de glucosa i insulina (Milne et
al., 2007), el metabolisme dels lipids (Baur et al., 2006b) i la supervivéncia cel-lular (Guarente
and Picard, 2005). L’envelliment també es caracteritza per estar incrementades les alteracions
en el metabolisme de proteines, I'oxidacié lipidica i el dany de DNA. A més a més de la
regulacié de la SIRT 1 pel resveratrol, aquest és un potent modulador d’enzims antioxidants

capacos de reduir les altres alteracions involucrades en I'envelliment.
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ESPERANCA DE VIDA EN RATOLINS
TRACTACTS AMB RESVERATROL
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Figura 10. Esperanca de vida en ratolins tractats amb resveratrol (Baur et al., 2006a).

3.2.4.4.1SQUEMIA | DANY CEREBRAL

La malaltia cerebrovascular representa un 9.1% de la mortalitat total a Espanya, segons el
Ministeri de Sanidad i Consum (2004), en dones arriba fins un 11.3% en canvi en homes no

arriba al 8% (Ministerio de Sanidad y Consumo., 2004).

Diversos estudis han mostrat com el resveratrol podria actuar protegint del dany cerebral. En
rates suplementades diariament amb resveratrol intravends durant 21 dies, van mostrar una
millora motora i una disminucié significativa del volum de la zona afectada per la isquémia
després de l'oclusié de I'arteria cerebral media (Sinha et al., 2002). A jerbs, un tipus de
rosegador, se’ls va inyectar resveratrol durant o immediatament a continuacié d’una isquémia
cerebral global transitoria, seguida per una segona dosis a les 24 hores, disminuint o retardant

la mort de cél-lules neuronals i I'activacio de les cél-lules glials en el hipocamp (Wang et al.,
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2002b). Un tercer estudi ha mostrat que el resveratrol administrat de forma intravenosa va
reduir significativament el volum isquémic i el contingut d’aigua cerebral a dosis molt baixes
(100ng a 1ug/kg de pes) després de I'oclusio de I'arteria cerebral mitja en rates (Wang et al.,
2003). Aques resultats suggereixen que el resveratrol té la capacitat d’atravessar la barrera

hematoencefalica i d’exercir els seus efectes beneficiosos, fins i tot a dosis molt baixes.

3.2.4.5. OBESITAT | DIABETIS

La restriccid calorica produeix uns perfils metabolics interessants pel tractament de malalties
relacionades amb I'envelliment com poden ser el sobrepes/obesitat (Baur et al., 2006b) i la

diabetis tipus Il (Facchini et al., 2001;Milne et al., 2007).

El sobrepes i I'obesitat s’"han convertit en la gran epidémia del segle XXI, provocant greus
problemes de morbi-mortalitat (Li et al., 2005). En el treball de Baur et al. (Baur et al., 2006b)
en ratolins alimentats amb dietes hipercaloriques, suplementades o no amb resveratrol
(22.4mg/kg d), i comparats amb una dieta normocalorica seguits durant 2 anys. Els ratolins
normocalorics van mantenir el pes corporal sense canvis significatius durant tot I'estudi,
mentre que els ratolins amb dietes hipercaloriques van incrementar molt el pes. Els ratolins
amb la dieta hipercalorica suplementada amb resveratrol també van augmentar de pes pero
mai va arribar a ser tan elevat com amb la dieta no suplementada amb resveratrol. Tot i que el
més destacable de I'estudi va ser que la supervivéncia dels ratolins suplementats amb
resveratrol va ser igual a la dels ratolins normocalorics i molt més elevada que els ratolins que
van seguir una dieta hipercalorica sense adicié de resveratrol. Aixo va ser degut a un increment
de la sensibilitat de la insulina, una reduccié dels nivells del factor del creixement-1 (IGF-1), a
un augment de la proteina quinasa AMP-activada i I'activitat de la PGC-1ca,, un major nombre
de mitocondries i la millora de la funcié motora. Aquest estudi mostra com el resveratrol pot
reduir varies de les conseqliencies negatives del seguiment d’una dieta hipercalorica, obrint

una nova linia d’investigacio en relacié al tractament del sobrepes i de I'obesitat.

La diabetis és un desordre metabolic que properament assolira proporcions d’epidémia,
I’Organitzacié Mundial de la Salut ha predit que en I'any 2030, aproximadament uns 370
milions de persones en tot el mén patiran aquesta malaltia (Amos et al., 1997;Wild et al.,
2004). La diabetis, eventualment, lidera el risc de patir patologies tan freqiients com la malaltia

cardio- i cerebro-vascular, problemes renals, ceguera, complicacions neurologiques i mort
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prematura (Harris et al., 1987;Patlak, 2002). Existeixen dos tipus de diabetis: la tipus | i la tipus
I, molt més freqlient que l'anterior. La diabetis tipus Il es caracteritza per un complex
mecanisme fisiopatologic, on la seva principal caracteristica és el déficit relatiu de la produccié
d’insulina i una deficient utilitzacié periférica pels teixits de la glucosa, la denominada

resisténcia a la insulina.

En estudis amb ratolins amb dietes hipercaloriques, el resveratrol va protegir als ratolins
enfront la resistencia a la insulina (Lagouge et al., 2006;Baur et al.,, 2006b). En rates
diabetiques el resveratrol va tenir un efecte hipoglucemiant (Chi et al., 2007;Su et al., 2006).
Recentment s’ha trobat que aquest polifenol disminueix la secrecié d’insulina de les illetes
pancreatiques de rates normals (Szkudelski, 2006;Szkudelski, 2007) i que té la capacitat de
modificar la concentracié d’insulina plasmatica (Chi et al., 2007;Su et al., 2006;Baur et al.,

2006b;Chen et al., 2007).

D’una altra banda, els activadors de la SIRT1 milloren ’homeostasi de la glucosa i la sensibilitat
a la insulina en teixits metabolicament molt importants, com sén I'hepatic, el muscular i
I'adipds (Bordone and Guarente, 2005;Cohen et al., 2004;Heilbronn et al., 2005;Nisoli et al.,
2005;Imai et al., 2000). El resveratrol sembla actuar com a mimetic de la restriccio calorica
exercint els seus efectes beneficiosos en la funcié metabolica i mitocondrial (Baur et al.,
2006b;Howitz et al., 2003;Lagouge et al., 2006;Jarolim et al., 2004;Wood et al., 2004) en
mamifers. Per aquests motius poden ser un tractament molt esperancador contra la diabetis

tipus ll, entre d’altres malalties relacionades amb I’envelliment (Milne et al., 2007).
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3.2.5. ANALISI DE RESVERATROL | DELS SEUS METABOLITS EN MOSTRES BIOLOGIQUES

3.2.5.1. METODE D’EXTRACCIO EN FASE SOLIDA DE RESVERATROL | DELS SEUS METABOLITS EN
MOSTRES BIOLOGIQQUES

En estudis nutricionals, on la concentracié dels principis actius estudiats poden considerar-se
molt baixos respecte a estudis farmacologics o fins i tot de toxicitat, es fa necessari la posada a

punt de métodes analitics validats de gran sensibilitat.

Degut a la complexitat i a la baixa concentracid dels analits estudiats (resveratrol i els seus
metabolitos) en les mostres biologiques de I'estudi, previ a I'analisi cromatografic, aquestes

mostres han de patir una etapa preparativa.

Les tecniques preparatives tenen tres funcions basiques: a) Reduir compostos interferents que
podrien dificultar la posterior identificacié i quantificacié dels analits d’interes; b) Concentrar
els analits, ja que com succeeix en el cas del resveratrol en mostres biologiques es troben en
guantitats molt baixes (nano i picomolars); ¢) Canviar la matriu de la mostra, per facilitar la
deteccidé per espectrometria de masses, ja que la matriu pot provocar supressié ionica i

conseqlientment impossibilitar la deteccid dels nostres analits.

L’extraccio en fase solida (SPE) acompleix les tres funcions que anteriorment s’han descrit en el
mateix pas analitic, per aquest motiu es un dels metodes de preparacié més utilitzats per

mostres biologiques.

Addicionalment el volum de mostra necessari per realitzar el SPE pot adaptar-se a les
caracteristiques de I'estudi i quan es tracta d’estudis clinics o epidemiologics, on es disposen
de quantitats molt limitades degut al gran valor de les mostres bioldogiques es necessiten

metodes molt eficients, com és el cas del SPE.

De cartutxs de SPE al mercat existeixen cada vegada una varietat més gran, aquests ofereixen
una amplia gamma de possibilitats depenent de la naturalesa quimica dels analits estudiats i
de les substancies interferents. Com en qualsevol cromatografia, la interaccié dels analits i dels
interferents amb la fase estacionaria (adsorbent del cartutx) i la fase mobil (solvents)
proporcionara uns resultats més o menys adequats. En aquesta memoria s’expondra el
funcionament dels cartutxs SPE del tipus HLB® de Waters, ja que sén els emprats en |'apartat

experimental.
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3.2.5.1.1. CARTUTXS DE SPE CON RELLENO HLB®.

El farcit HLB® esta format per un sorbent Hidrofilic-Lipofilic-Equilibrat. Esta fabricat amb una
relacié caracteristica de monomers N-vinilpirrolidona hidrofilica i divinilbenze lipofilic. Es el
cartutx habitual de fase reversa, tot i que degut a la seva composicié millorada presenta unes
unions polars neutres que ofereixen una millor retencié dels analits polars. El metode general

recomanat perr utilitzar aquests cartutxs es detalla a continuacié de forma més amplia.

e Acondicionament i activacié del cartutx. Etapa en la que el cartutx es renta per
eliminar possibles substancies interferents. L'activacié també serveix per preparar
I’adsorbent del cartutx pel seu Us.

e Carrega de la mostra. La mostra s’introdueix en el cartutx, depenent del cartutx i de lo
concentrada que estigui la mostra, es pot carregar més o menys quantitat de mostra.
Aguesta mostra préviament pot haver estar tractada amb acid (per hidrolitzar enllagos
proteina-polifenols) i posteriorment centrifugada (per eliminar interferents de pes
molecular elevat). Si la mostra biologica esta molt concentrada és de gran utilitat diluir
la mostra préviament a realitzar la carrega en el cartutx per evitar colmatacions. En
aquesta fase també s’ha d’introduir el patrd intern que al final servira per a la
guantificacio.

e Rentat del cartutx. Depenent del metode poden haver-hi una o varies etapes de rentat.
Aquestes serveixen per eliminar el maxim nombre d’interferents sense eluir els analits.

e Elucié. En aquesta etapa, després d’haver eliminat un gran nombre d’interferents
s’elueix mitjangant solvents amb més afinitat per I'analit que pel farcit del cartutx.
Aguesta etapa ha de ésser el més exhaustiva possible per recuperar la maxima
quantitat d’analit en el minim volum. Amb I'analit també eluirem els interferents de la
mostra de naturalesa quimica similar a els nostres analits d’interés. No obstant, una
gran part dels interferents els haurem eliminat en I'etapa del rentat i alguns més que
poden ser retinguts en el cartutx després de I'elucié.

e Evaporacié i reconstitucié. Una vegada ja hem eluit els analits, es pot evaporar el
solvent, fins una certa quantitat de dissolvent o fins a sequedat. Posteriorment s’ha de
reconstituir els analits amb la menor quantitat possible de fase mobil. D’aquesta forma

s’aconsegueix concentrar als analits i canviar la matriu de I'analit.
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3.2.5.2. METODE D’ANALISI MITJANCANT CROMATOGRAFIA LIQUIDA ACOBLADA A
ESPECTROMETRIA DE MASSES EN TANDEM

La cromatografia liquida d’alta eficacia (CLAE o HPLC) és la técnica de separacido per
excel-léncia en I'analisi del resveratrol en aliments (Andres-Lacueva et al., 2002;Cantos et al.,
2002b;Lamuela-Raventds et al., 1995;Wang et al., 2002c) i en mostres biologiques (Boocock et
al., 2007;Meng et al., 2004;Urpi-Sarda et al., 2005;Urpi-Sarda et al., 2007), tot i que alguns

autors prefereixen I'Gs de la cromatografia de gasos (Goldberg et al., 2003;Soleas et al., 2001).

ELs detectors acoplaTs a I'HPLC poden ser diversos i han anat canviant a mesura que ha
evolucionat la instrumentacioé analitica. Quan la mostra a analitzar es troba en concentracions
elevades es poden emprar els detectors de ultravioleta-visible i és preferible si es disposa d’un
diode d’array. Els isbmers trans- del resveratrol aglicd i del glucosid sén habitualment
detectats a 306 nm. No obstant els dos isomers cis- son detectats a la longitut d’onda de 285
nm (Romero-Perez et al., 2001). Degut a que el limit de deteccid i de quantificacid que ens
proporciona aquesta técnica de deteccid espectrofotométrica sén relativament alts o no
suficientment sensibles per a detectar analits a concentracions baixes, pocs autors escullen
aquesta metodologia en I'analisi de mostres biologiques (Juan et al., 1999;Walle et al.,
2004;Zhu et al., 1999). Actualment la majoria de determinacions en mostres biologiques es
realitzen amb detectors d’espectrometria de masses, simple quadrupol (MS) (Vitaglione et al.,
2005;Yu et al., 2002) i triple quaprupol (MS/MS) (Boocock et al., 2007;Meng et al., 2004;Urpi-
Sarda et al.,, 2005;Urpi-Sarda et al., 2007;Yu et al., 2002). Cada cop és més freqiient I'Us
d’aquesta tecnologia, fins i tot en l'analisi d’aliments, per verificar la identificacié i per

guantificar compostos a molt baixes concentracions (Callemien et al., 2005).

Els espectrometres de masses treballen amb molécules ionitzades, de les quals identifiquen els
ions en funcié de la seva relacid massa/carrega (m/z). Un espectrometre de masses presenta

tres components fonamentals: la font d’ionitzacid, I'analitzador de massa i el detector.

La font d’ions és I'element de I'espectrometre que ionitza el material a ésser analitzat (I’analit).
Després els ions sén transportats pels camps magneétics o electrics a I'analitzador total. Les
fonts d’ionitzacié més freqiients en I'actualitat sén les que treballen a pressié atmosférica
(API), i entre elles destaca la d’ionitzacié per electroespray (ESI). Aquesta tecnica genera els
ions en la fase mobil abans de que la mostra a analitzar arribi a I'espectrometre de masses

(Fenn et al., 1989).
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L’analitzador de massa és la peca més flexible de I'espectrometre de massa. Utilitza un camp
electric o magnétic per afectar la trajectoria o la velocitat de les particules carregades d’una
certa manera. D’espectrometres de masses existeixen de quatre tipus: a) quadrupol; b) temps
de vol; c) trampa d’ions; d) transformacions de Fourier. Del primer tipus es poden
subclassificar basicament, segons el nombre de quadrupols, en dos tipus: a) quadrupol simple
(que actua de quadrupol analitzador); b) quadrupol triple, que presenta els tres quadrupols en
linia, el primer (Q1) i el tercer (Q3) actuen com analitzadors, mentre que el segon actua com a
cel-la de collisid (CID) en metodes tandem. Els ions precursors analitzats en Q1 s’acceleren i
col-lisionen en la CID per fragmentar-se donant com a resultar els ions productes que seran

escanejats en Q3.

En el cas del triple quadrupol es poden realitzar els quatre tipus d’experiments en tandem

(Figura 11) que es resumeixen en la Taula 4 i que es detallen a continuacié:

. Product lon Scan: es determinen els ions fragmentats que procedeixen d’un i6
precursor concret. Es la técnica utilitzada per confirmar la identitat d’un compost

determinat.

. Precursor lon Scan: es busquen els ions precursors d’un Unic i6 producte. Es la técnica
utilitzada per identificar la familia de compostos (metabolits) que provenen d’un analit

(aglico).

. Neutral Loss Scan: es mostren tots els parells d’ions (i precursor i ié producte) que
perden un fragment neutre constant. Es la técnica usada per identificar d’una barreja
de compostos aquells que tenen un fragment de molecula conegut (per exemple:

moléecules que tenen un glucuronid o un glucosid).

. Multiple Reaction Monitoring (MRM): es fixen tan les masses dels ions precursors i
ions productes a analitzar. Es la técnica més emprada per la quantificacié de
compostos, ja que s’obtenen els limits de deteccid i per tant els de quantificacié més

baixos.

L'element final de I'espectrometre és el detector. El detector registra la carrega induida o la
corrent produida quan un i6 passa a prop o colpeja una superficie. En un instrument
d’exploracid la senyal és produida en el detector durant la trajectoria de la mateixa (en qué
m/z) i produira un espectre de massa, un expedient del m/z's en el qual els ions estan

presents.
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Taula 4. Experiments d’espectrometria de masses en tandem (MS/MS) que es poden realitzar

en multiples etapas.

Experiment
Product lon Scan Estatic, seleccié de I'id Escanejat
precursor

Precursor lon Scan Escanejat Estatic, seleccid dels ions
producte

Neutral Loss Scan Escanejat, sincronitzat amb Escanejat, sincronitzat amb

Q3 Q1
Multiple Reaction Estatic, seleccié de I'id Estatic, seleccid dels ions
Monitoring precursor producte

Product ion scan Precursor ion scan

r -P'_-=

*

. E—

MS1

Estatico Escaneado Estatico

Neutral loss scan

4

MS1

Escaneado Escaneado Estatico Estatico

Figura 11. Esquema dels experiments de MS/MS que es poden realitzar en multiples etapas.
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3.3. BIOMARCADORS

Segons I'Institut Nacional del Cancer un marcador biologic és una molécula biologica que es
troba en la sang, altres liquids o teixits corporals, i és un signe d’un procés normal o anormal, o
de una afeccié o malaltia. Un marcador biologic pot usar-se per determinar la resposta del cos

a un tractament per una malaltia o afeccié.

Un biomarcador també pot ser utilitzat en epidemiologia per mesurar I'exposicié a diverses
substancies medioambientals. En particular, el biomarcador nutricional és un compost extern,
com podrien ser els components dels aliments o una variant de la substancia externa
processada per I'organisme, un metabolit analitzat en les mostres biologiques dels participants

gue serveix per determinar la seva exposicid o ingesta a aquest aliment o component.

El principal objectiu de I'epidemiologia nutricional és avaluar els efectes de la dieta en el risc
de patir malalties. Per comprendre fiablement com influeix la dieta és necessari coneixer de
forma precisa la ingesta d’aliments dels participants. La valoracidé de la dieta es pot realitzar

mitjancant biomarcadors nutricionals o a partir d’enquestes alimentaries.
3.3.1. ENQUESTES ALIMENTARIES

Per a coneéixer el consum alimentari individual o poblacional es disposa de les enquestes
alimentaries que estimen el consum durant un periode de temps determinat. Existeixen
diferents classificacions de les enquestes, perd una de les més habituals és en funcié del

periode de temps que es vol avaluar:
- Mesures de la ingesta dietética de dies concrets o actual

o Registre alimentari: metode prospectiu que consisteix en sol-licitar a la
persona entrevistada que anoti en un formulari diariament durant varis
dies (els més freqlents sén els de 3 dies), els aliments i begudes que va

consumint tant en a casa com fora.

o Recordatori de 24 hores: métode retrospectiu que consisteix en demanar
al subjecte que recordi tots els aliments i begudes ingerides el dia

anterior a I’entrevista.
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- Mesures de la ingesta habitual

o Questionari de Freqiiencia de Consum: métode retrospectiu en el que se
li administra al subjecte una llista tancada d’aliments i begudes sobre la
que es sol-licita la freqiiéncia y la porcié de consum durant un periode de

temps determinat (6 mesos, 1 any).

o Historia dietéetica: métode retrospectiu que inclou un o varis recordatoris
de 24 hores, amb la finalitat de coneixer la ingesta actual, i un

gliestionari de freqliencia de consum per coneixer la ingesta habitual.

En el capitol del llibre d’Arija Val & Fernandez Ballart apareix una completa revisié de les
avantatges i limitacions de I'is de les diverses enquestes alimentaries (Arija Val and Fernandez
Ballart, 2002). Les avantatges i limitacions de les enquestes estan en gran part influenciades
pel métode d’administracio de les mateixes, aquestes poden realitzar-se mitjangant entrevista,
ja sigui en persona o per via telefonica o autoadministrada. L'entrevista dona millors resultats
perque l'entrevistador pot facilitar i afavorir la resposta del qlestionari, no obstant pot
influenciar de forma diferent en la resposta dels participants introduint en I'estudi un biaix

degut a I'entrevistador (Delgado et al., 2008).

3.3.2. AVANTATGES DELS MARCADORS BIOLOGICS RESPECTE A L'ESTIMACIO DIETETICA o
MARCADORS DIETETICS.

Beaton et al. Va declarar que: “Sempre existeix un error en les estimacions dietetiques i el
desafiament actual és entendre, estimar, i tenir en compte aquest error estructural durant
I'analisi de les dades” (Beaton et al., 1997). Per coneixer aquest error és necessari disposar de
biomarcadors que reflexin la ingesta real dels individus. Aquests biomarcadors poden arribar a
substituir les estimacions dietetiques tradicionals (Kristal et al., 2005). Tot i que en algunes
situacions, les estimacions dietétiques sén encara imprescindibles degut a limitacions

econdomiques i a la falta de biomarcadors utils(Kelemen, 2006).

Existeixen tres raons principals per decantar-se per I'Us de biomarcadors nutricionals respecte

a les enquestes dietetiques convencionals (Potischman, 2003;Kelemen, 2006).

1.  Els biomarcadors nutricionals sén més precisos que les estimacions dietétiques. Les
enquestes, sobre tot els qlestionaris de freqiiencia de consum, ofereixen uns

inconvenients a I'hora d’identificar correctament I'aliment, degut a la gran gamma
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d’aliments presents en el mercat, a I'amplia varietat de tecniques culinaries
disponibles i finalment a les diferéncies en ingredients i en preparacié de receptes
culinaries. Un altre factor limitant és la quantificacié d’aquests aliments, tot i que es
faciliti mitjangant mesures casolanes i llibres de fotos sobre aquestes porcions. També
cal destacar que existeix la tendéncia entre els participants a sobreestimar el consum
d’aliments saludables (per exemple fruites i verdures) i infravalorar el consum
d’aliments considerats menys saludables (aliments rics en greixos saturats i begudes

alcoholiques, entre d’altres) (Spencer et al., 2008).

2. Les enquestes d’aliments sén transformades a components gracies a les bases de
dades o taules de composicio d’aliments (TCA). Les TCA presenten moltes limitacions
en quant a nombre d’aliments, variabilitat en composicid dels aliments, metodes
analitics utilitzats i nombre de components disponibles, sobre tot en el cas de
components minoritaris com poden ser els polifenols. També s’ha de tenir en compte
la complexitat de saber quines séon les TCA més adequades per I'estudi i com utilitzar

les TCA per part de I'investigador (Farran Codina and Zamora-Ros, 2006).

3.  Els biomarcadors proporcionen una mesura més propera de I'estat nutricional que
les estimacions dietetiques. Aix0 és degut a que els biomarcadors integren en la
mesura, la biodisponibilitat i el metabolisme del component. En canvi les TCA només

informen de la quantitat present en I'aliment.

La funcid principal dels biomarcadors nutricionals, com s’ha comentat anteriorment, és la
de coneixer de forma menys subjectiva que les enquestes alimentaries el consum d’un
component o grup de components (es tracti d’un nutrient o un no nutrient) o d’un aliment

o un grup d’aliments.

Una funcié secundaria dels biomarcadors nutricionals és la de valorar I'acompliment d’una
intervencié nutricional. Comprovar objectivament que els participants realment han seguit
el tractament o la suplementacid, en aquest cas dietéetica, de forma correcta. En aquest cas
les enquestes alimentaries no podrien substituir I'is de biomarcadors. Per exemple, en
I’estudi PREDIMED es suplementa la dieta habitual amb oli d’oliva verge o fruits secs, per
verificar que els participants que segueixen aquestes suplementacions ho estan seguint
correctament les pautes se’ls analitza en el grup de I'oli d’oliva verge, I’hidroxitirosol i el

tirosol en orina (polifenols caracteristics de I'oli d’oliva), també s’analitza I’acid oleic en
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plasma (acid gras caracteristic de I'oli d’oliva), i en el grup dels fruits secs I’acid o-linolénic

plasmatic (caracteristic de les nous) (Estruch et al., 2006).

3.3.3. CARACTERISTIQUES DELS BIOMARCADORS NUTRICIONALS O MARCADORS BIOLOGICS

La gran avantatja que presenten els biomarcadors nutricionals és que I'exposicié es mesura de

forma més objectiva que en les enquestes dietetiques. Com en qualsevol mesura analitica

correcte biomarcador ha de complir els classics requisits d’exactitud, reproducibilitat, fiabilitat

i validesa (Marshall, 2003).

A més a més qualsevol biomarcador nutricional per ser considerat Util ha de satisfer els

seglients 4 criteris (Spencer et al., 2008):

1.

Disposar d’un meétode analitic qualitativa i quantitativament robust. Es necessari
treballar amb la metodologia adequada per garantitzar la validesa dels resultats. En
components minoritaris, com és el cas dels polifenols, la sensibilitat i especificitat de la
tecnica adquireixen gran importancia. Els avengos en tecniques d’analisi quimic, com és
el cas de LC-MS/MS, estan permitint I'estudi d’aquests components en mostres

biologiques (Liu et al., 2002;Day and Williamson, 2001).

Les concentracions del biomarcador en la mostra biologica (teixit o biofluid) han de
ser sensibles als canvis en el consum del compost d’interés. Aquesta és la caracteristica
més important que necessita complir un biomarcador nutricional. En aquest apartat és
important considerar la capacitat que té el biomarcador de discriminar als consumidors
dels no consumidors, en el caso que sigui preceptiu, com en qualsevol prova
diagnostica, ha de presentar uns bons parametres de sensibilitat, especificitat i unos
valors predictius elevats, minimitzant els falsos positius i negatius. També cal destacar
la capacitat de detectar petits increments en I'exposicié, mostrant una bona correlacié

entre mesura i exposicio.

El biomarcador ha de ser especific de la ingesta del component d’interés. Per aquest
motiu qualsevol variacié en la seva concentracié ha de ser el resultat en un canvi en el
consum del component d’interés. En aquest apartat apareixen 2 tipus de biomarcadors
nutricionals: a) Biomarcador de consum d’un aliment especific o d’'un grup d’aliments
(exemples de polifenols i vitamines com biomarcadors nutricionals es poden observar a
la Taula 5); b) Biomarcador de consum d’un component o grup de components
especifics (exemples Taula 6).
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El cas ideal seria que un Unic aliment tingués el component d’interés, d’aquesta forma
les variacions en el marcador serien degudes exclusivament a les variacions en el
consum d’aquest aliment. Aquesta possibilitat és molt complicada, tot i que alguns
components sén especifics d’'uns aliments molt concrets. Aquest és el cas d’alguns
polifenoles, i el consum d’aliments rics en aquestes substancies com el te, cafe, vi,
soja, ceba (Spencer et al., 2008). Per millorar I'especificitat d’els marcadors és
necessari coneéixer més detalladament la composicid dels aliments, sobre tot en
components minoritaris. Paral-lelament és important que apareguin més estudis de
consum d’aquests components para coneixer quines sén les fonts dietétiques

majoritaries en la poblacié d’estudi.

Els biomarcadors d’'un component se suposa que sén més facils de trobar, tot i que
canvis en el consum no tenen necessariament que reflexar-se directament en el
biomarcador (Marshall, 2003). Tots els marcadors d’aliment no deixen d’estar inclosos
dintre d’aquest apartat, degut a que quan es mesuren les isoflavones en plasma s’esta
mesurant |'exposicid d’isoflavones, tot i que com aquestes sén casi exclusives dels

productes de la soja i derivats, es pot extrapolar al consum d’aquets grup d’aliments.

La interpretacio del biomarcador és més complexa que la de la enquesta alimentaria
degut a que el biomarcador també té en compte la biodisponibilitat del component. Per
aquest motiu els estudis farmaco o nutri-cinétics sén imprescindibles per aprofundir en
el coneixement de |'absorcié, metabolisme i excrecid del component. En el cas dels
polifenols, depenent de la dosis, del temps transcorregut des de la ingesta i de
I'individu poden apareéixer diferents perfils metabolics del mateix polifenol. Per aquest
motiu els avencos en les técniques analitiques sén imprescindibles per poder disposar
del perfil total de metabolits del polifenol. Una altra possibilitat, cada vegada menys
emprada, és la hidrolisi, normalment enzimatica, de les mostres biologiques.
L'inconvenient és que es perd una informacié que pot ser molt valuosa sobre quins

metabolits i la quantitat que es troben presents en la mostra biologica.

Una limitacié de I'Us dels biomarcadors és el temps de vida mitjana dels components
en la mostra biologica. Existeixen multiples exemples, depenent del teixit o biofluid
seleccionat, de biomarcadors d’ingesta a curt termini (2-6 hores) com podrien ser els
polifenols en plasma, d’ingesta a mig termini (1-5 dies) com podrien ser els polifenols

en orina, i de llarg termini (setmanes o mesos) per exemple el seleni en ungles
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(Marshall, 2003). Depenent de la nostra investigacié ens interessara més seleccionar
un teixit/biofluid o un altre, perqué la informacié que ens oferira el biomarcador sera
totalment diversa: a) un biomarcador a curt termini ens informara d’una ingesta aguda
(consum puntual); i b) un biomarcador a mig/llarg termini ens informara d’una ingesta

regular o habitual (consum continuat en el temps).

Una altra limitacié important és la gran variabilitat interindividual que existeix en la
majoria de respostes metaboliques quan es doéna la mateixa quantitat/dosis de
component, aquesta és una situacid molt freqiient en els estudis de biodisponibilitat

de polifenols (Urpi-Sarda et al., 2005;Urpi-Sarda et al., 2007;Manach et al., 2004).
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Taula 5. Biomarcador de consum de components o grup de components en estudis en humans.

Component Biomarcador Teixit/Biofluid Enquesta alimentaria Correlacio (r) Referéncia
Acids grassos AG Poliinsaturats Teixit adipds 321 2 recordatoris 24h 0.5 (Plakke et al., 1983)
subcutani
AG Monoinsaturats 0.22
AG Saturats 0.24
Greix lactic Acid pentadecanoic Teixit adipds 81 Registre 1 setmana 0.63 (Wolk et al., 1998)
(C15:0) subcutani
FFQ 0.40
Energia Aigua doplement Orina 15 dies 81 4 Recordatoris 24h 0.41 (Davies et al., 1994)

marcada (*H,*®0)

Nitrogen Nitrogen Orina 24h 160 FFQ 0.187 (Kipnis et al., 2001)
8 28 dies en cambra metabolica 0.16-0.70 (Bingham and
Cummings, 1985)
156 16 dies registre amb pesades 0.69
(Bingham et al., 1997)
FFQ 0.24
Recordatori 24h 0.10
Registre 7 dias 0.65
Potassi Potassi Orina 24h 156 16 dies registre amb pesades 0.76 (Bingham et al., 1997)
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FFQ 0.25
Recordatori 24h 0.51
Registre 7 dies 0.66
Vitamina C Vitamina C Plasma 127 16 dies registre amb pesades 0.49 (Bingham et al., 1997)
FFQ 0.26
Recordatori 24h 0.26
Registre 7 dies 0.22
Carotens Carotens Plasma 156 16 dies registre amb pesades 0.2-0.69 (Bingham et al., 1997)
FFQ 0.03-0.42
Recordatori 24h 0-0.19
Registre 7 dies 0.07-0.34
307 FFQ 0.11-0.52
Alfa-tocoferol Alfa-tocoferol Plasma 307 FFQ 0.41-0.52
Flavonol Flavonol Plasma 10 Registre 7 dies 0.75 (Noroozi et al., 2000)
Orina 24h 0.73
Vitamina K Vitamina K Orina 24h 9 30 dies en cambra metabolica 0.70 (Harrington et al., 2007)
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Daidzeina Daidzeina Plasma 96 FFQ 0.37 (Frankenfeld et al.,
2003)

Genisteina Genisteina Plasma 96 FFQ 0.43 (Frankenfeld et al.,
2003)

Taula 6. Biomarcador de consum d’un aliment o grup d’aliments en estudis humans.

Aliment Biomarcador Teixit/Biofluid Enquesta alimentaria

Correlacio

(r)

Referéncia

Fruitai Flavonoids totals Orina 24h 94 Recordatori 3 dies 0.35 <0.001 (Nielsen et al.,
Hortalisses 2002)
Naringenina 0.30 0.004
Hesperitina 0.38 <0.001
Tamarixetina 0.27 0.01
Isohamnetina 0.28 0.008
Fruita Carotenoids Plasma 161 FFQ 0.30 <0.01 (Bogers et al.,
2003)
Vitamina C 0.25 <0.01
Ploretina Orina 24h 94 Recordatori 3 dies 0.29 0.006
(Nielsen et al.,
Kamferol Orina puntual 53 Recordatori 2 dies 0.30 0.03

60




Antecedents Bibliografics

Lignans Orina 24h 98 FFQ/Recordatori 2 dies 0.27 0.008 2002)
(Mennen et
al., 2006)
(Lampe et al.,
1999)
Hortalisses Carotenoids Plasma 161 FFQ 0.32 <0.01 (Bogers et al.,
2003)
Vitamina C 0.34 <0.01
Quercetina Orina 24h 94 Recordatori 3 dies 0.28 0.007
(Nielsen et al.,
Enterolactona Orina 24h 53 Recordatori 2 dies 0.31 0.02 2002)
(Mennen et
al., 2006)
Suc de fruites Hesperitina Orina 24h 94 Recordatori 3 dies 0.32 0.002 (Nielsen et al.,
2002)
Isohamnetina Orina puntual 53 Recordatori 2 dies 0.30 0.03
_ _ (Mennen et
Naringenina 0.44 0.001 al., 2006)
Hesperitina 0.39 0.004
Acid galic 0.33 0.02
4-O-metilgalic 0.37 0.006
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Naringenina Orina 24h 0.37 0.007
Cafe Acid clorogeénic Orina puntual 53 Recordatori 2 dies 0.63 <0.001 (Mennen et
R al., 2006)
Acid cafeic 0.29 0.03
Acid isoferulic Orina 24h 344 FFQ 0.18-0.26 <0.001
(Hodgson et
al., 2004b)
Te Acido m-cumarico Orina puntual 53 Recordatori 2 dies 0.44 0.001 (Mennen et
) al., 2006)
Acido clorogénico 0.31 0.03
Acido gélico 0.45 <0.001
4-O-metilgalico 0.54 <0.001
4-0O-metilgalico Orina 24h 344 FFQ 0.50-0.57 <0.001
(Hodgson et
al., 2004a)
Vi Acid galic Orina puntual 53 Recordatori 2 dies 0.45 <0.001 (Mennen et
al., 2006)
4-0O-metilgalic 0.37 <0.006
Acid cafeic Orina 24h 0.38 0.005
Acid galic 0.70 <0.001
4-O-metilgalic 0.52 <0.001
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Poma Ploretina Orina puntual 53 Recordatori 2 dies 0.60 <0.001 (Mennen et
R al., 2006)
Acid m-cumaric Orina 24h 0.36 0.009
Isohamnetina 0.31 0.02
Kamferol 0.45 <0.001
Ploretina 0.35 0.01
Raim Naringenina Orina puntual 53 Recordatori 2 dies 0.31 0.02 (Mennen et
al., 2006)
Fruites citriques Hesperitina Orina puntual 53 Recordatori 2 dies 0.52 <0.001 (Mennen et
al., 2006)
Naringenina 0.56 <0.001
Hesperitina Orina 24h 0.46 <0.001
Naringenina 0.37 0.007
Llegums Isoflavones Orina 24h 19 Recordatori 3 dies 0.668 <0.01 (Adlercreutz
et al,, 1991)
Lignans 0.492 <0.05
Soja i derivats Isoflavones Orina 24h 60 FFQ 0.5 <0.001 (Chen et al.,
1999)
Isoflavones Orina 24h 98 FFQ/Recordatori 5 dies 0.39 <0.001
(Lampe et al.,
1999)

63




Antecedents Bibliografics

Soja bullida Isoflavones Orina 24h 19 Recordatori 3 dies 0.76 <0.001 (Adlercreutz

etal., 1991)
Lignans 085 <0.001

Derivats soja Isoflavones Orina 24h 19 Recordatori 3 dies 0.59 <0.01 (Adlercreutz
etal., 1991)

Proteina soja Isoflavones Orina del mati Recordatori 3 dies 0.61 <0.001 (Maskarinec
et al., 1998)

Blat i cibada Alkilresorcinols Plasma 30 3 dies registre amb 0.58 <0.001 (Landberg et

integrals pesadas al., 2008)
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4. PART EXPERIMENTAL

Amb la finalitat d’aconseguir els objectius d’aquesta tesi es va plantejar una metodologia de

treball dividida en els seglients tres apartats:
4.1. METODOLOGIA
4.1.1. Disseny dels estudis

Per a la realitzacié d’aquesta tesi s’han utilitzat dades i/o mostres de 3 assags clinics i d’un
estudi de cohorts, resumits en les publicacions i que a continuacid es detallen més

ampliamente.
4.1.1.1. ESTUDIS CLINICS
4.1.1.1.1. CAVA versus GINEBRA

Per a la realitzacid d’aquest primer treball, es va dissenyar un estudi clinic prospectiu,
aleatoritzat, creuat, controlat i a simple cec portat a terme conjuntament amb |’Hospital Clinic
de Barcelona (Vazquez-Agell et al., 2007). Es van reclutar 20 homes sans, d’entre 25 i 50 anys,
normopes o amb un lleuger sobrepes [IMC= 25.2 (1.3) kg/m?], dels quals cap d’ells va declarar
cap dels seglents criteris d’exclusid: diabetic, fumador, hipertens, amb nivells de colesterol
LDL plasmatic superior a 160mg/dL, HDL<40mg/dL, i abséncia de qualsevol patologia
cardiovascular, historia familiar de malaltia prematura cardiovascular, malaltia
cerebrovascular, malaltia vascular periferica, infeccié por VIH, malalties hepatiques degudes a
I"alcohol, cancer o alguna infeccié aguda greu. A més cap voluntari va consumir medicaments,
ni suplements vitaminics durant el periode de realitzacié de I'estudi. Tots els participants eren
consumidors moderats de begudes alcoholiques al menys durant els 5 anys previs a l'inici

d’aquest estudi.

Les dos intervencions van consistir en la ingesta de 30g d’alcohol al dia durant 4 setmanes, en
forma de cava (300mL/d) o de ginebra (100mL/d) per avaluar les diferéncies entre els efectes
beneficiosos sobre la salut de dos begudes alcoholiques amb un contingut mig en polifenols
(cava) i I'altre sense polifenols (ginebra). Abans de cada periode d’intervencio es va seguir un
periode de rentat (wash-out) de 4 setmanes en el que estava prohibit la ingesta d’alcohol.
Durant les 16 setmanes de I'estudi als voluntaris se’ls va proporcionar una llista d’aliments i
begudes a restringir, entre elles el cafe, te, ceba i I'oli d’oliva verge (aliments molt rics en
polifenols que podrien interferir o emmascarar els efectes en la part meédica de I'estudi). Les
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mostres de sang i orina de primera hora del mati es va obtenir el primer i Ultim dia de cada
periode d’intervencié. Aquest dia, els voluntaris eren entrevistats per una dietista que recollia
mitjangant un qiestionari de freqiiencia de consum validat la ingesta d’aliments i mitjancant el
gliestionari de Minesota |'exercici fisic realitzat (Elosua et al., 1994). El disseny de I’estudi
s’exposa esquematicament en la Figura 12. Dels 20 participants Unicament es va determinar el

resveratrol urinari en 10 d’ells (10).

PERIODE DE 12 PERIODE DE 22
RENTAT INTERVENCIO RENTAT INTERVENCIO

300mL/d 100mL/d GIN

| o

RENTAT S INTERVENCIO RENTAT
100mL/d GIN

INTERVENCIO
300mL/d

PERIODE DE 12 PERIODE DE F

Figura 12. Disseny de I’estudi cava vs ginebra
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4.1.1.1.2. VI BLANC versus VI NEGRE

El disseny d’aquest segon treball va ser molt similar a I’anterior, es va realitzar també un assaig
clinic prospectiu, aleatoritzat, creuat, controlat i a simple cec elaborat conjuntament amb
I’'Hospital Clinic de Barcelona (Sacanella et al., 2007). Es van reclutar 35 dones sanes, d’entre
23 i 50 anys, normopes o amb un lleuger sobrepes [IMC= 24.1 (4.0) kg/m?], les quals no van
declarar cap dels seglients criteris d’exclusié: diabética, fumadora, hipertensa, LDL> 160mg/dL,
HDL<35mg/dL, i abséncia de qualsevol patologia cardiovascular, historia familiar de malaltia
prematura cardiovascular. A més cap voluntaria va consumir medicaments, anticonceptius
orals ni suplements vitaminics durant el periode de realitzacié de |‘estudi. Totes les
participants eren consumidores moderades de begudes alcoholiques com a minim durant els

ultims 5 anys previs a I'inici d’aquest estudi.

Les dos intervencions van consistir en la ingesta de 20g d’alcohol (equivalents a un consum
moderat d’alcohol) al dia durant 4 setmanes, en forma de vi blanc (200mL/d) o de vi negre
(200mL/d) per avaluar les diferéncies entre els efectes beneficiosos sobre la salut de dos
begudes alcoholiques amb un contingut mig i alt de polifenols, respectivament. Abans de cada
periode d’intervencid es va seguir un periode de rentat (wash-out) de 4 setmanes en el que
estava prohibida la ingesta de qualsevol tipus d’alcohol. Durant les 16 setmanes de I'estudi a
les voluntaries se’ls va proporcionar una llista d’aliments i begudes riques en polifenols que
han de restringir el seu consum. Totes les intervencions es van iniciar amb el primer dia de la
menstruacid, degut a que és el moment del cicle menstrual amb menor presencia de
progesterona, a més d’aquesta forma totes les dones eren avaluades en la mateixa data del
cicle i per tant el possible efecte hormonal es contraresta. Les mostres de sang i d’orina de
primerahora del mati es van obtenir el primer i Ultim dia de cada intervencié. Aquest dia, les
voluntaries eren entrevistades per una dietista, que recollia mitjangant un qliestionari de
freqiiencia de consum validat la ingesta d’aliments i amb el gqliestionari de Minesota el exercici
fisic realizat (Elosua et al., 1994). El disseny de I'estudi s’exposa de forma més detallada a la

Figura 13. De les 35 participants només es va determinar el resveratrol urinari en 10 d’elles.
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N ————

PERIODE DE 12INTERVENCIO PERIODE DE % 22NTERVENCIO
VI BLANC N V| NEGRE

Sang Sang Sang
Orina Orina Orina

FFQ FFQ FFQ

L 4 1 3

PERIODE DE 12 NTERVENCIO PERIODE DE & 22INTERVENCIO
(o]

VI NEGRE VI BLANC

Figura 13. Disseny de I’estudi vi blanc vs vi negre
4.1.1.1.3.ESTUDI PREDIMED

L’estudi PREDIMED (PREvencié amb Dieta MEDiterrania) és una xarxa tematica de centres del
Ministeri de Sanitat i Consum iniciada en Octubre 2003, i que engloba a 16 grups
d’investigadors en 8 comunitats autonomes. Es tracta d’un gran assaig clinic d’intervencié a 5
anys, multicéntric, amb grups paral-lels, aleatoritzat i controlat, que avalua I'eficacia d’una
Dieta Mediterrania tradicional suplementada amb oli d’oliva verge o fruits secs, en comparacio
amb una Dieta Baixa en Greix, en la prevencid primaria de malalties cardiovasculars en

persones d’alt risc (www.predimed.org) (Estruch et al., 2006).

Fins la data s’han reclutat més de 6000 participants d’alt risc cardiovascular, tot i que vol

arribar la xifra de 9000, distribuits uniformement entre les tres intervencions. Els participants
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han de complir els seglents criteris d’inclusié per poder ser admesos en I'estudi: homes
d’entre 55 i 80 anys o dones d’entre 60 i 80 anys, que siguin diabétics o que tinguin 3 o més
dels seglients factors de risc cardiovascular: fumador, amb hipertensid arterial, nivells LDL>
160mg/dL, HDL<40mg/dL, IMC>25kg/m?, o historia familiar de malaltia cardiovascular
prematura. A més a més els participants no eren acceptats en |'estudi si tenien algun dels
seglients criteris d’exclusié: historia de malaltia cardiovascular, malalties croniques severes,
addiccié a drogues o alcohol, alergia o intolerancia a fruits secs o a I'oli d’oliva, o finalment

baixa disposicid a canviar d’habits dietetics.

Els voluntaris sén distribuits aleatoriament en una de les tres intervencions: dieta mediterrania
suplementada amb oli d’oliva verge (1L/setmana per a tota la familia), dieta mediterrania
suplementada amb 30g/d de fruits secs (50% nous, 25% ametlles i 25% avellanes) o el grup
control, en aquest cas val ésser pacients con amb alt risc cardiovascular es segueix la pauta de
I’Associacié de Cardiolegs Americans, aquesta dieta es pot resumir com una dieta en general
baixa en greix. El segon objectiu de I’estudi PREDIMED consisteix en valorar la ingesta de vi
com a factor cardiosaludable. Degut a que cap beguda alcoholica pot ser recomenada a un
abstemi, I'efecte del vi sera estudiat de forma observacional. Per aquest motiu els participants
de qualsevol de les 3 intervencions poden consumir vi, I'Unica recomanacio realitzada per la
dietista és la de reduir el consumo del vi fins que aquest estigui dintre de la moderacié: 2-3
copes/d per als homes i 1-2 copes/d per a les dones. Als voluntaris que no bebien vi no se’ls va

recomanar la seva ingesta. En la Figura 14 s’esquematitza el disseny de I'estudi.
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N=3000
Dieta Mediterrania Dieta Mediterrania American Heart
+oli d’oliva verge +fruits secs Association guidelines
(1L/setmana) (30g/d)

|

Consum moderat
i voluntari

Figura 14. Esquema de les intervencions en I’estudi PREDIMED.

Els participants sdn entrevistats per dietistes entrenades, a I'inici, 3 mesos (prova pilot, que
només es va realitzar amb una submostra de 772 participants), i posteriorment els seguiments
son anuals fins els 4 anys de duracié de l'estudi. En aquestes entrevistes s’'omplena un
gliestionari general, on entre d’altres s’obtenen les dades personals, historia medica i farmacs
prescrits, un questionari de freqliencia de consum validat, una enquesta de 14 items per
valorar 'adheréncia a la dieta mediterrania, i el qliestionari de Minesota adaptat i validat per
recollir la informacid sobre I'exercici fisic (Elosua et al., 1994). A més als voluntaris se’ls mesura
la pressid arterial i la freqUéncia cardiaca, es va realitzar mesures antropomeétriques (pes,
alcada, perimetre de la cintura) i també se’ls hi va extreure mostres d’orina i sang. En la visita
inicial també es recull mostres d’ungles dels peus per realitzar I'analisi de metalls. Les mostres
d’orina i sang son alicuotades i congelades a -802C fins al seu analisi. La Taula 7 resumeix totes

les recollides d’informacié i de mostres durant els 5 anys de duracié de I'estudi PREDIMED.
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Taula 7. Questionaris, mesures i recollida de mostres dels participants

de I'estudi PREDIMED

Visita

Temps (anys)

Qiiestionari. Inclusié X

Quiestionari General X

Qiiestionari Seguiment X X X X X
FFQ X X X X X X
Mediterranean score X X X X X X
Qiiestionari Activitat fisica X X X X X X
Mesures antropometriques X X X X X X
Mesures pressio arterial X X X X X X
Electrocardiograma X X X X X X
Analisi de sang X X X X X X
Analisi d’orina X X X X X X
Analisi ungles dels peus X
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4.1.1.2. ESTUDIS DE COHORTS

4.1.1.2.1.ESTUDI EPIC-ESPANYA

L'estudi EPIC (European Prospective Investigation into Cancer and nutrition) (www.iarc.fr/epic)
és un estudi de cohorts, prospectiu, multicentric, coordinat per I’Agéncia Internacional
d’Investigacid sobre cancer (IARC, International Agency for Research on Cancer) de
I’Organitzacié Mundial de la Salut (WHO). El reclutament dels participants es va iniciar al 1993 i
el van portar a terme 23 centres de 10 paisos europeus (Alemanya, Dinamarca, Espanya,
Franca, Grecia, Holanda, Italia, Noruega, Regne Unit i Suécia). En I'estudi europeu s’han

reclutat 519978 voluntaris sans, la majoria d’entre 35 i 69 anys, dels que un 70.5% sén dones.

La cohort espanyola (www.epic-spain.com) esta formada per 40885 voluntaris (61.7% de
dones) reclutats en 5 arees geografiques (Asturies, Granada, Guipuscoa, Murcia i Navarra).
Aquest estudi va sorgir amb I'objectiu de integrar I'epidemiologia amb les investigacions de
laboratori, amb els factors genétics i metabolics, i aprofundir en el coneixement cientific de la

nutricid i el cancer.

Als participants se’ls recolli la informacié sobre la ingesta habitual en I'any anterior, a través
d’una entrevista personalitzada mitjancant I'aplicacié d’un questionari informatitzat del
metode de la historia dietética, dissenyat i validat especialment per aquest estudi. El
gliestionari va ser estructurat en apats, i de cada individu es va recollir la informacié sobre el
consum habitual d’aliments en cada ocasid d’ingesta en I'any previ a I'entrevista. Aquest
contenia una llista basica de més de 600 aliments i begudes, i aproximadament 150 receptes o
plats regionals consumits en les comunitats participants. La porcié habitual de consum era

guantificada amb un manual de trenta cinc fotos, a més d’unitats i mesures casolanes.

També es va realitzar una exploracié fisica que consistia en la medicié del pes, talla dret i
assentat, la circumferéncia de la cintura i el perimetre de la cadera. En una submostra de la
cohort es van realitzar dos mesures de la pressié arterial. El qlestionari utilizat va incloure
informacidé sobre caracteristiques socio-demografiques, historia ocupacional, activitat fisica
laboral i en el temps d’oci, historia reproductiva i consum hormonal en dones, consum de
tabac, aixi com els antecedents clinics i quirdrgics. A més de tots els participants de la cohort

es va extreure una mostra de sang.

Com en qualsevol estudi prospectiu el seguiment és un apartat clau dintre del projecte.
Aquesta fase té com a objectiu coneixer I'aport de cada subjecta al temps d’observacié en la
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cohort, coneixer i avaluar canvis en I'exposicid, coneixer |'estatus vital de I'individu i identificar
els casos de cancer. En I'any 1996 es va iniciar un seguiment actiu de tots els individus que
formen la cohort i es va finalitzar al 1999, amb un seguiment proper al 98% (Figura 14). Per
portar-ho a terme es va elaborar un qlestionari de seguiment informatitzat realitzant-se via
telefonica. A més a més s’utilitzen d’altres metodes de seguiment, com el creuament de
diversos registres que es realitza anualment de forma informatitzada. La font principal per a la
identificacié dels difunts i el coneixement de la causa és el Registre de Mortalitat de I'Institut
Nacional de Estadistica (INE) i els Registres de Mortalitat autonomics. La identificacié dels nous
casos de cancer es realitza a través dels Registres de Cancer poblacionals de cada una de las

regions participants.

Entrevista personal Qestionaritelefonic

Historia dietetica \ » ; }

Extraccié de sang

|

Registre Mortalitat
Registre Cancer

Figura 14. Esquema del disseny de 'estudi EPIC-Espanya
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4.1.2. Metodologia analitica: Determinacio de resveratrol en mostres biologiques

La metodologia utilitzada i les millores introduides per a la determinacié del resveratrol i els
seus metabolits en mostres biologiques, plasma i orina i la seva adaptacié a estudis
epidemiologics amb un gran nombre de mostres han estat publicats pel nostre grup
d’investigacidé en revistes analitiques de prestigi internacional (Urpi-Sarda et al., 2005;Urpi-

Sarda et al., 2007).

En la primera publicacié d’aquesta tesi es va emprar la metodologia posada a punt per Urpi et
al. al 2005 (Urpi-Sarda et al., 2005) i que va ser millorada 2 anys més tard amb la finalitat
d’augmentar la sensibilitat, el perfil metabolic i I'aplicabilitat del métode (Urpi-Sarda et al.,
2007). Ambdues utilitzen una preparacié préevia de la mostra, una extraccié en fase solida en
cartutxos Oasis HLB® de Waters, i finalment una cromatografia liquida d’alta eficacia acoblada

a un detector de masses en tandem (LC-MS/MS).

Les millores en el métode van consistir en una adaptacid del SPE de cartutxos individuals a
plagues de 96 pouets. Gracies a aquesta millora el méetode pot ser aplicat a estudis
epidemiologics, amb un gran nombre de mostres, como és el cas del PREDIMED. Una atra
millora clau en el métode va consistir en assolir una bona resolucié dels pics dels sulfats del
resveratrol, augmentant qualitativament el perfil metabolic del resveratrol bioldgic i reduint el

temps de cromatografia de 38 a 10 minuts.

Les orines (1mL) dels voluntaris, un cop descongelades, es centrifuguen a 12500rpm a 102C
durant 5 minuts i s’acidulen amb HClI 200mmol/L. Les mostres de sérum (500uL)
descongelades sén acidificades amb acid orto-fosforic, agitades en vortex durant 1 minut i
després centrifugades en les mateixes condicions que l'orina. En aquesta etapa previa
s’aconsegueix reduir les interferéncies de gran pes molecular. A continuacié es procedeix a
realitzar I'extraccid6 en fase solida. Els cartutxos (plaques de 96 pouets) s’activen i
s’acondicionen amb 1mL de metanol i 1mL d’aigua acidulada (2M acid acetic). Es procedeix
amb la carrega de 1mL de l'orina, a la que s’afegeix el patré intern (hexestrol). Posteriorment
es renta el cartutx per eliminar el maxim possible d’interferencies, en el nostre cas amb 1mL
d’aigua acidulada (2M acid acetic) i 1mL d’una solucié aquosa acidulada (2M acid acetic) amb
metanol al 15%. A continuacid es procedeix a I’eluciéo amb 0.5mL de metanol acidulat (1M acid
acetic) i 1.5mL d’acetat d’etil acidulat (1M acid aceétic), incorporat en dos etapes (0.75 +
0.75mL). Amb la intencié de concentrar la mostra, els 2mL d’eluit es van evaporar fins a

sequedat sota una corrent de nitrogen. Finalment es reconstitueix amb 100uL de fase de
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reconstituci6 amb taxifolina, el segon patrd intern utilitzat. La fase de reconstitucié esta

formada pels dissolvents a les mateixes concentracions de les condicions inicials de la

cromatografia posterior. En la Figura 14 s’esquematitza totes les etapes de la SPE.

METODE PER CARTUTXOS HLB®

Preparacio de la mostra

(Acidificacio, centrifugacio)

Acondicionament/Equilibrat
MeOH/Aigua

Carrerga de la mostra

+ Patro Intern

Rentat
Aigua 2M acetic
15% MeOH en aigua 2M acetic

Elucio
MeOH 1M acetic
Acetat d’etil 1M acetic

Evaporacio/Reconstitucié

Rentats més agressius
serveixen per eliminar més
interferencies

Eluients alternatius
serveixen per eluir de
forma selectiva analits
de interferents

Figura 15. Metode general per a cartutxos Oasis HLB® (Urpi-Sarda et al., 2007)

A continuacidé les mostres s’analitzen als Serveis Cientifico-Técnics de la Universitat de

Barcelona on s’injecten en el cromatograf (Perkin-Elmer s200) acoplat a un espectrometre de

masses triple quadrupol (APl 3000, Applied Biosystem) equipat amb una font d’ionitzacié

Turbo lon Spray. La columna cromatografica emprada va ser una Luna C18, 50x2.0mm i.d.,

5um (Phenomenex) mantinguda a una temperatura de 402C. El volum d’injeccié va ser de 15ulL
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i el flux de 550uL/minut. La fase mobil A era aigua acidulada (0.05% acid aceétic) i la fase B 70%
acetona, 30% acetonitril i 0.04% acid acetic. El gradent utilitzat va ser lineal i esta detallat a la

Taula 8. La columna necessitava 6 minuts per reequilibrar-se.
Taula 8. Gradent cromatografic en la LC-MS/MS per la determinacié de
resveratrol i els seus metabolits en mostres biologiques (Urpi-Sarda et al., 2007)

T (min) Fase A (%) Fase B (%)

0 85 15
1 85 15
15 60 40
2.5 0 100
4.5 0 100
4.8 85 15
10 85 15

Dels experiments disponibles en espectrometria de masses en tandem, es va seleccionar el
mode MRM (multiple reaction monitoring) per a la deteccid i quantificacid del resverartol i
dels seus metabolits. Es van monitoritzar 6 transicions m/z per cada analisi en mode negatiu,
que corresponen al resveratrol (227/185), glucosids del resveratrol (389/227), glucuronids del
resveratrol (403/227), sulfats del resveratrol (307/227), i als patrons interns utilitzats taxifolina

(303/285) i hexestrol (269/134).

4.1.3. Determinacio de la capacitat antioxidant total (TAC) en mostres de plasma

Els metodes de determinacio de I'activitat antioxidant es basen en comprovar com un agent
oxidant indueix dany oxidatiu a un substrat oxidable, dany que és inhibit o reduit en preséncia
d’un antioxidant. Aquesta inhibicid és proporcional a I'activitat antioxidant del compost o de la
mostra. La TAC es defineix com el nombre de mols de radicals lliures neutralitzats per 1L de

78



Metodologia

mostra o de solucio patro (Serafini and Del Rio, 2004). En aquesta mesura s’inclou tant
I’activitat antioxidant singular de cada compost, com també les interaccions sinergiques entre

les molécules redox presents en matrius complexes (Serafini et al., 2006).

A la bibliografia apareixen un gran nombre d’assaigs per mesurar la TAC classificats en 2 grups

(Huang et al., 2005):

a) Assaigs basats en la transferéncia d’atoms d’hidrogen, sén reaccions competitives, en

les que I'antioxidant o el substracte competeixen pels radicals peroxils generats
termicament a través de la descomposicié de compostos azoics. En aquest grup
s’inclouen: el TRAP, 'ORAC, la inhibicié de I'auto-oxidacié induida de les LDL, i la

decoloracié de la crocina, entre d’altres.

b) Assaigs basats en la transferéncia d’electrons, sén aquells que mesuren la capacitat

d’un antioxidant en la reduccid d’un oxidant, el qual canvia de color quan es redueix.
Dintre d’aquest grup es pot destacar tecniques com el FRAP, el TEAC, el DPPH, o la

capacitat de reduir Cu?*, entre d’altres.

Actualment no hi ha un consens en la comunitat cientifica sobre quina de les tecniques
existents per mesurar la TAC aporta una informacié més adequada, aix0 és degut a la gran
diversitat de reaccions que es poden incloure sota la definicié de la TAC. Per aquest motiu a la
majoria d’estudis es realitzen varies técniques analitiques per obtenir una informacié més
completa, en el nostre cas s’ha optat per seleccionar un assaig corresponent a cada un dels

grups exposats anteriorment: TRAP i FRAP.
4.1.3.1. ANALISI DE TRAP EN MOSTRES DE PLASMA

L’assaig utilitza un compost que té la capacitat de perdre la seva fluorescéncia a I'oxidar-se, la
R-ficoeritrina. A ella se li afegeix la mostra en la que hi ha presents una quantitat variable
d’antioxidants que capten els radicals peroxil i alcoxil produits per la descomposicié en calent
de I’ABAP. Aquesta disminucio en la fluorescéncia es monitoritza obtenint la fase-lag (/ag-
phase) (una planuria provocada per la presencia d’antioxidants que sén els que capten els
radicals produits per I’ABAP) (Figura 16). Aquesta fase-lag és proporcional al contingut

d’antioxidants de la mostra.
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Figura 16. Fluorescéncia relativa de R-ficoeritrina incubada amb 2,2"-azobis (2-
amidinopropane) dihydrochloride (AAPH) enfront al temps en presencia d’un tamp¢ fosfat

(blanc), trolox (20mM) o una mostra (Fernandez-Pachon et al., 2006).

La metodologia aplicada en aquest treball es basa en la tecnica publicada per Ghiselli et al
(Ghiselli et al., 1995), adaptada a plaques de 96 pouets per poder ser utilitzada en estudis

epidemioldgics amb un gran nombre de mostres.

El protocol s’inicia amb la descongelacié de les mostres de plasma. A continuacio s’inicia la
preparacid de la placa de 96 pouets afegint 15uL de R-ficoeritrina (4.3ug/mL), 50uL de plasma
diluit 1:20 en PBS i 75uL de PBS. Seguidament la placa s’introdueix en un bany a 382C a les
fosques durant 15min. Finalment s’addicionen 60uL d’ABAP (50mM) i s’introdueix en el
fluorimetre durant 1 hora a 382C, on es realitzen 80 lectures (1 mesura cada 45 segons) a una

longitud d’onda d’excitacié de 495nm i una d’emissié de 570nm.

Una vegada finalitzada les lectures les dades s’exporten a KaleidaGraph® (Synergy Software,
Pensilvania, USA) on es preparen les dades i posteriorment s’exporten a una aplicacié

realitzada en Excel on es calcula la fase-lag de cada mostra.

El tiempo de fase-lag es transforma a concentracié mitjancant la comparacié amb la relacio

temps de fase-lag i concentracio dels diferents patrons realitzats amb Trolox.
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4.1.3.2. ANALISI DE FRAP EN MOSTRES DE PLASMA

L’assaig consisteix en barrejar un reactiu oxidant (Fe’*) i la nostra mostra, la qual conté les
substancies antioxidants, aquestes s’oxiden i es redueixen amb el ferro (Fe*"), produint un
canvi de color mesurable colorimetricament. El grau de canvio de color és proporcional a la

concentracié d’antioxidants presents en la mostra.

La tecnica utilitzada per a la determinacié del FRAP en mostres de plasma és una adaptacio de
la publicada per Benzie & Strain (Benzie and Strain, 1996). Les millores tornen a estar

encaminades en la aplicabilitat de la metodologia a un gran nombre de mostres.

El protocol s’inicia amb la descongelacié de les mostres de plasma. A continuacié s’inicia la
preparacio de la placa de 96 pouetes afegint 30uL de aigua bidestil-lada, 10uL de plasma diluit
1:2 en aigua i 160uL de reactiu pel FRAP*. Seguidament la placa s’introdueix en
I’espectrofotometre a 372C durant 30min de incubacié i posteriorment es realitza la lectura a

595nm.

*El reactiu pel FRAP es realitza a diari amb una solucié de tampd d’acetat sodic (0.3M), TPTZ
(10mM) en acid clorhidric (40mM) i clorur férric (FeCl;, 20mM) en unes proporcions de 10:1:1

respectivament.

Les dades d’absorbancia son transformats a concentracions mitjancant la extrapolacié amb

rectes de calibracio realitzades amb sulfat ferrés (FeSO,x7H,0).

4.1.4. Metodologia estadistica per la determinacié de marcadors biologics.

Per la determinacié dels metabolits del resveratrol com a marcadors biologics del consum de vi

s’ha utilitzat principalment dos grups de proves estadistiques:

e Correlacions

e Proves diagnostiques

81



Metodologia

4.1.4.1. CORRELACIONS

La correlacié indica la forga i la direccié d’una relacié lineal entre dos variables aleatories
guantitatives (Doménech, 2006a). Es considera que dos variables quantitatives estan
correlacionades quan els valors d’una d’elles varien sistematicament respecte als valors

homonims de I'altre.

Depenent de la distribucié de les variables es pot utilitzar dos coeficients de correlacio, el de
Pearson quan les dos variables segueixen una distribucié Normal (proves parameétriques) i el
de Spearman quan una o les dos variables no segueixen una distribucié Normal (proves no

parameétriques).

4.1.4.2. PROVES DIAGNOSTIQUES

Les proves diagnostiques son les eines de I'estadistica per a classificar als subjectes segons
presentin o no la caracteristica determinada. S’utilitzen habitualment en medicina per a
comprovar la utilitat d’un test per a classificar als subjectes en malalts i no malalts (Doménech,

2006b).

En el cas d’aquest treball la prova diagnostica és d’utilitat per distingir entre els bevedors i els
no bevedors de vi, mitjangant el calcul del punt de tall optim en la variable (resveratrol urinari)

per efectuar aquesta classificacio.

La caracteristica més important d’una prova diagnostica és I'exactitud, també anomenada
eficacia o rendiment diagnostic, i mesura la capacitat de la prova per distingir entre dos estats
o grups. L'exactitud diagnostica de les proves s’acostuma a avaluar mitjangant la sensibilitat i

I'especificitat.

Sensibilitat (SE): Proporcid de diagnostics positius (resveratrol urinari superior al punt de tall)

obtinguts a I’aplicar la prova en una poblacié de persones consumidores de vi. (Figura 17)

Especificitat (SP): Proporcié de diagnostics negatius (resveratrol urinari inferior al punt de tall)

obtinguts al realitzar la prova en una poblacié de persones no consumidores de vi (Figura 17).
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Les raons de verosimilitud relacionen els conceptes de sensibilitat i especificitat. La més
utilitzada és la rad de verosimilitud pels positius (LR+), i es calcula divididint la sensibilitat entre
el complement de la especificitat. Analogament es defineix la rad de verosimilitud pels

negatius (LR-), i es calcula dividint el complement de I'especificitat entre la sensibilitat.

A més de I'exactitud diagnostica d’una prova s’ha d’avaluar el seu comportament quan

s’utilitza en diferents contextos, sén els anomenats valors predictius.

Valor predictiu positiu (PV+): Proporcié de subjectes que consumeixen vi en el conjunt de
subjectes amb resultat positiu a la prova (resveratrol urinari superior al punt de tall) (Figura

17).

Valor predictiu negatiu (PV-): Proporcié de subjectes que no consumeixen vi en el total de
subjectes amb resultat negatiu a la prova (resveratrol urinari inferior al punt de tall) (Figura

17).

Valor global (Efficiency): Proporcié total de subjectes classificats correctament per la prova.

(Figura 17).

Resultat Diagnostic de Referéncia (FFQ) Totals
de laprova No consumidors Consumidors
(resveratrol de vi de vi
urinari)
Positiu A B A+B B
(>puntdetall) Falsos positius —> PV+=—m—
Negatiu C D C+D
(<punt de tall) Falsos negatius —> PV-= _C__
C+D
Totals A+ C B+D A+B+C+D
C B B+C
T A ST Rep VAlorelbaE meen

Figura 17. indexos d’exactitud i valors predictius d’una prova diagnostica.
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La sensibilitat i I'especificitat ofereixen una mesura de I'exactitud de la prova diagnostica en un
determinat punt de tall de la variable (resveratrol urinari). Una mesura global de I'exactitud de
la prova per a tots sls possibles punts de tall s’obté mitjangant la corba ROC (Figura 18). Per
construir aquest grafic es necessari calcular la sensibilitat (eix de les abcisses) i el complement
de la especificitat (eix de les ordenades). Una prova amb la sensibilitat i especificitat perfecta,
seria igual a un, on la corba ROC es veuria representada pels costats esquerre i superior del
grafic. No obstant una prova sense discriminacio, sensibilitat i especifitat igual a 0.5,
correspondria a una corba ROC representada per la diagonal principal del grafic. L’area sota la
corba que s’obté és un valor comprés entre 0.5 i 1 que pot ser utilitzat com a mesura

d’exactitud global.

CorbaROCd’unaprova
Corba ROC amb valor diagnosticperfecte

1,0 —
&
CorbaROCd’unaprova
08 ambunbon valor diagnostic
8 o6
Q "/ &
w0 " CorbaROCd’unaprova
% 047 ssense valor diagnostic
v 4
0,2
0,01 T T T T
0,0 0,2 0,4 0,6 0,8 1,0

1- Especificitat

Figura 18. Curves ROC de tres proves amb diferent poder diagnostic.
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4.2. Resultats

En aquesta seccid s’exposen els resultats obtinguts gracies al treball experimental realitzat en
la present tesi doctoral. Aquests resultats s’han concretat en 3 publicacions en revistes del
Science Cltation Index. Addicionalment i en relacié als resultats obtinguts en la primera d’elles
s’ha publicat també una carta de discussié. També s’exposen els resultats publicats en un
estudi en col-laboracié amb altra tesi doctoral presentada en I'Hospital Clinic de Barcelona, on

es va realitzar el treball conjuntament.

Previ a cada publicacié hi ha un resum on es detallen els objectius, el disseny de I'estudi, la

metodologia utilitzada, els resultats obtinguts i les principals conclusions.

85



Publicaciones

4.2.1. Avaluacid diagnostica dels metabolits del resveratrol en orina com a biomarcadors

del consum moderat de vi.

Article 1: Zamora-Ros R, Urpi-Sarda M, Lamuela-Raventds RM, Estruch R, Vazquez-Agell M,
Serrano-Martinez M, Jaeger W, Andres-Lacueva C. Diagnostic performance of urinary
resveratrol metabolites as a biomarker of moderate wine consumption. Clinical Chemistry.

2006; 52 (7):1373-80.

Resum:

El principal objectiu de la epidemiologia nutricional és avaluar els efectes de la dieta en el risc
de patir malalties. Per comprendre fiablement com influencia la dieta és necessari coneixer de
forma precisa i real la ingesta d’aliments dels participants de I’estudi. La valoracio de la dieta
es pot realitzar mitjangant biomarcadors nutricionals o a partir d’enquestes alimentaries. Els
biomarcadors nutricionals son mesures més fiables de I'exposicié dietética que les dades
aportades per les enquestes alimentaries. Aixi doncs I'objectiu del present estudi ha estat
proposar i avaluar la suma dels metabolits del resveratrol presents a I'orina com a potencial
biomarcador del consum de vi en humans, després de la ingesta moderada de cava, vi blanc o
negre, com representants de begudes amb diferent contingut de resveratrol. A més a més

s’avalua la efectivitat del marcador biologic en una cohort no controlada.

Per a la realitzacié de I'estudi es porten a terme dos assaigs clinics aleatoritzats i creuats. En el
primer estudi es van reclutar 10 voluntaris homes sans que va consumir 30g d’alcohol diari en
forma de cava o ginebra durant 28 dies (estudi clinic descrit amb més deteniment en I'apartat
4.1.1.1.1.). Abans de cada una de les dos intervencions els voluntaris van seguir un periode de
rentat (washout) de 4 setmanes. En el segon estudi es van reclutar 10 dones sanes les quals
van consumir 20g d’alcohol diari en forma de vi blanc o vi negre durant 28 dies (apartat
4.1.1.1.2.), també van seguir els seus respectius periodes de rentat de 4 setmanes.
Addicionalment es van incloure en I'estudi 52 mostres dels primers voluntaris de la cohort
PREDIMED. L’estudi PREvencid amb Dieta MEDiterrania (PREDIMED) és un gran assig clinic,
multicéntric, amb grupo paral-lels, controlat, aleatorizat i amb 4 anys de seguiment que encara
ara s’esta portant a terme per avaluar els efectes de la dieta mediterrania en la prevencid
primaria de la malaltia cardiovascular (www.predimed.org) descrit amb més detall en I'apartat

4.1.1.1.3.
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La determinacio dels metabolits de resveratrol en les mostres d’orina i plasma es va realizar
mitjancant cromatografia liquida acoblada a espectrometria de masses en tandem (LC-MS/MS)
després d’una extraccié en fase solida de la mostra (Urpi-Sarda et al., 2007). Per valorar
I'exactitud diagnostica del biomarcador es va utilitzar la corba ROC (Receiver Operating

Characteristic).

Es van observar increments positius significatius en la suma de metabolitos de resveratrol
urinari [72.4 (95% IC, 48.5-96.2; P=0.005), 211.5 (166.6-256.3; P=0.005), y 560.5nmol/g de
creatinina (244.9-876.1; P=0.005)] després del consum de cava, vi blanc, o vi negre,
respectivament. No va haver-hi canvis significatius després dels 4 periodes de rentat o de la
intervencié amb ginebra. En la cohort PREDIMED, la dosis de vi dietétic ha estat correlacionada
positivament amb la suma de metabolits del resveratrol urinari (r=0.654; P<0.001). Utilitzant
un punt de tall de 90nmol/g creatinina, el nostre biomarcador té la capacitat de diferenciar els
consumidors de vi dels no consumidors amb una sensibilitat del 72% (60%-84%); i una

especificitat del 94% (87%-100%).

Com a conclusié d’aquest treball podem afirmar que la suma de metabolits del resveratrol en
orina pot ser un biomarcador util per coneixer la ingesta real de vi en estudios epidemiologics i

d’intervencio.
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Diagnostic Performance of Urinary Resveratrol
Metabolites as a Biomarker of Moderate Wine
Consumption

RAUL ZAMORA- Ro*;l Mirgia Urri-SarDA,! RO';A M. LAMUELA-RAVENTOS,!

Ramon Estruch,”

Moénica VAzQuEZz-AGELL,> MANUEL SERRANO-M arTiNEZ,?

WALTER JAEGER,* and CrisTINA ANDRES-Lacueva®

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
(TEMs) and predictive values and ROC curve analyses
to assess the diagnostic accuracy.

Results: We observed significant increases in TRMs
[72.4 (95% confidence interval, 458.5-96.2; 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%~584%); 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 maderate wine consumption and cardiovascular
disease (1). In addifion 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
(354" trihvdroxystilbene) and piceid (resveratrol-3-0-8
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 epidemiclogic and clinical assays have
3 distinct advantages over dietary data obfained by food
frequency questionnaires (FFQ!;)"‘ (6, 7). One advantage is
that biochemical markers of the intake of some nutrients
aTe none I)[‘.’.(’i{‘;(? ﬂ'li;'l“ di&!t’dr_\’ assessment. .‘\n()ﬂl(‘]’ ild\ian
tage is that dietary data obtained by FFQ are often
inadequate because of insufficient reporting of feod com-
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d abbreviations: FRQ. food frequency questionnaire; LOMS/
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M5, liquid chromatography-mass spectrometry; PPV, positive pradictive
value; NPV, negative predictive value; CL 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 bicavailability 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-C-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 foed 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 {5D) 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 (3D) 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 (PREvencién 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 (135%) 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-

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 obfained 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 moming
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 moming
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 HPFLC 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 Qasis 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 pL 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 (APl
3000; Perkin-Elmer Sciex) as described elsewhere (12).
The intra- and interassay CVs for tans-resveratrol were
24% 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
moming 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 cbserved outcome
variables before both intervention periods. To compare
groups in the cohort study, we used the 2-tailed K-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-

hood ratio, and the ROC curve for the 2 randomized,
crassover trials and the cohort study. With ROC curve
analysis, we calculated a cutoff point that provided opti-
mized sensitivity and specificity for the idenfification of
wine consumers. Within- and between-group differences
are expressed as means and 95% confidence intervals
(Cls). 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, (.398, and 2.56 mg for sparkling,
white, and red wine, respectively. The content of resvera-
trel 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 724 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), frans-
and ais-resveratrol-3-C-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 mcreased by 211.5 nmel/ 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 favered red wine [349.6 nmol/g (86.68-612.3
nmol/g); P = 0.005]. For all participants, no free resvera-
tral, 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 peint was 90 nmel/g,
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Fg. 1. Concentrations of urinary resveratrol gluc-
uronides after washout period 1, sparkling wine
intervention, washout period 2, and gin intervention.

Results are expressed as nmol of trans-resveratrol /g creat-
ining. Values are the means (30, emor bars) of duplicate
measurement of samples from 10 volunteers. [ trans-
resveratrol-3glucuronide; [, sfsresveratrol-3-glucurenide;
M, total resveratrol glucurcnides. Significant differences:
*, P <005, &, 7 = 0005 for difference from results
obtained dunng the previous washout penod (Wilcoxon

frams-resveratrol (nmolig creatinine)

o
2

40
test).
0

washout |

which allowed differentiation of the washout and gin
perieds 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 = §5.3% (77.5%-93.1%).

COHORT STUDY

Participants whe reported wine consumption had signif-
icantly higher urinary concentrations of frans- and cis-
resveratrol-3-O-glucuronide than thase whe did not con-
sume wine (Fig. 4). The mean (SD) urinary TRM
concentration was 2827 (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 whe 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
Fg. 2. Concentrationz of urinary resveratrol gluc-
uronides after washout period 1, white wine inter-
wention, washout period 2, and red wine interven-
tion.

Results are expressed as nmol of transresveratrol /g creat-
inine. Values are the means (S0} erar bars) from duplicate
measurements of samples from 10 volurteers, [, trans-
resveratrol-Zglucurenide; [, efsresveratrol-3-glucuronide;
W, total resveratrol glucuronides, Significant differences:
*, P =005, = P = 0,005 for differences from results
obtained durng the previous washout period (Wilcoxon
test); #, P = 0.005 for difference from values after white 308
wine intake (wilcoxon test),

800

600

400

trams-resveratrol (nmalg creatinine)

sparkling wine washout 2 zin

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

-
=
5
”
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washout | while wine ‘washout 2 red wine
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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.

Sensitivity
N

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 Stucly.

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 (1(, 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

Lt 1
Fig. 4. Concentrations of urinary resveratrol glucu-
ronides among non-wine consumers, intermittent
consumers, and moderate daily consumers.

Results are axprassed as nmol of trans-resveratrol /g craat:
Inine. Values are the means (SO; eror bars) from 52
participants. [, trans-resveratrok3-glucuronide; [0, cisres-
veratrol3-glucuronice; B, sum of the resveratrol glucu-
ronices. Significant differancas: +, P <0.05; =+, P <0.01;
##a, P <0.001 for difference from results obtained for
samples from non-wine consumers (unpaired test). #, P
<0.01 for difference from valuas for Intermittant wine
consumers {unpalred ttest).

daily ¢
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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
verafrol, 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
quantity 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
usetul 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 tyrasol 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 [rom 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 stucdy of olive oil
(46 ). Mean (SD) TRM concentrations did not differ signit
icantly in response to various periods of no wine intake in
our studies [43.4 (23.5), 51.5 (36.1), and 405 (33.6) nmol /g
forsparkling, 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, frans- and cis-resveratrol-3-O-gluc-
uronide, were identified after moderate wine consump
tion, findings similar to those of previous studies (11, 47).

Resveratrol sulfates were not detected in moming 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). Purther-
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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4.2.1.1.Els marcadors inflamatoris d’arteriosclerosi disminueixen després del consumo

moderat de cava en homes amb baix risc cardiovascular.

Article 2: Vazquez-Agell M, Sacanella E, Tobias E, Monagas M, Antunez E, Zamora-Ros R,
Andres-Lacueva C, Lamuela-Raventds RM, Fernandez-Sold J, Nicolds JM, Estruch R.
Inflammatory markers of aterosclerosis are decreased after moderate consumption of cava

(sparkling wine) in men with low cardiovascular risk. Journal of Nutrition. 2007;137: 2279-2284

Resum general del treball en col-laboracié amb la tesi doctoral de la Dra Monica Vazquez

(Hospital Clinic de Barcelona):

L’arteriosclerosi és una malaltia cronica inflamatoria de baix grau de la paret arterial. Diversos
estudis han mostrat que les begudes alcoholiques riques en polifenols, com el vi negre, tenen
un major efecte antiinflamatori que les begudes alcoholiques sense polifenols, com la ginebra.
No obstant es desconeix |'efecte antiinflamatori de begudes alcoholiques amb un contingut

intermig en polifenols, com pot ser considerat el cava.

Per realitzar aquest assaig clinic creuat i aleatoritzat s’han reclutat 20 homes sans, amb una
edat mitjana de 3449 anys. Els participants van rebre 30g d’alcohol diari en forma de cava
(300mL/d) o ginebra (100mL/d) durant 28 dies (estudi clinic descrit en I'apartat 4.1.1.1.).
Préviament als 2 periodes d’intervencio els voluntaris van tenir una etapa de rentat durant 2
setmanes, que va consistir en no consumir cap tipus de beguda alcoholica. Els marcadors
inflamatoris i I'expressié de les molecules d’adhesié mesurats en leucocits van ser analitzades

abans i després de cada intervencio.

L’expressié dels LFA-1, VLA-4, SLe* i CD40 en monodcits va disminuir després de la intervencié
amb cava (P<0.05), mentre que només SLe* es va reduir després del periode amb ginebra
(P=0.036). Els marcadors circulants d’arteriosclerosi incloent VCAM-1, E-Selectina i P-Selectina
van disminuir després d’ambdues intervencions (P<0.05). En canvi Unicament la CRP d’alta
sensibilitat, ICAM-1, IL-6, MCP-1 i CD40L van disminuir després de la ingesta de cava (P<0.05).
Els efectes amb el cava van ser més importants en CD40L, ICAM-1 i mCP-1 circulant i en
I’expressié de monocits de CD40, LFA-1 i VLA-4 que els ocorreguts amb la ginebra (P<0.05). La
conclusié que es pot extreure d’aquest treball és que ambdues begudes tenen propietats
antiinflamatories, tot i que el cava presenta un major efecte protector, possiblement degut al

seu contingut en polifenols.

96



Publicaciones

Resum general del treball realitzat en col-laboracié amb la tesi doctoral de la Dra Monica

Vazquez (Hospital Clinico de Barcelona):

En aquest treball realitzat en col-laboracid, la participacid que forma part d’aquesta tesi
doctoral ha consistit en la valoracié del acompliment de la intervencid, en els periodes de
rentat, de ginebra i de cava. Les dades provenen del primer assaig clinic (apartat 4.1.1.1.1.). En
el que es pot apreciar que després dels periodes de rentat i ginebra Unicament hi ha nivells
bassals de resveratrol i dels seus metabolits en orina, no obstant hi ha un augment significatiu

d’aquests després de la intervencié amb cava (P<0.05) (Figura 17).
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Figura 17. Concentracions dels metabolits del resveratrol en I'estudi del cava vs ginebra.

Diferencies significatives:**P=0.005; *P<0.05.
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Inflammatory Markers of Atherosclerosis Are
Decreased after Moderate Consumption of
Cava (Sparkling Wine) in Men with Low
Cardiovascular Risk'?
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Introduction

Many epidemiological studies imvolving subjects of different
pender, race, and age have shown that moderate aloohol con-
sumption is associated with a redoced risk of cardwvascular
disease (1-4), Becawse part of the atheroprotective cifects asso-
ciated with moderate alcohol intake has been artributed o
changes in serum lipoproteins, coagulation, and platelet aggre-
garion, other alternative mechansms have been proposed (5-7),

Up to the 19805, atherosclerosis was considered o be the
result of lipid sccumulation in the arterial wall, Nonetlcless,
betrer knowledge of the atheroma plague formation has led 1o
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the conclhmion that atherosclerosis s, indeed, a chronic Jow-
prade nflammatary disease of the areral wall (8), Large epi-
demiologse studies have reported a significant asociation between
misderate aloohol consumption and lower levels of inflammatory
biomarkers related to atherosclerosis (9-14), supgesting that
antimammatory effects of aleoholic beverages may play a role
in their protective effect against cardiovascular disease (15}, Be-
cawse thas effect was independent of the type of alcoholic beverage
(liquor, beer, and wine), some researches attribured this action o
ethanol itsell (16}, However, other epidemioligic stusdies have
found significant differences in the effects of wine and other
alcohbolic beverages on global martality, casdiovascular mortal-
ity, and incidence of cancer, in favor of wine (17,18 The
heterogenciny in the results obeained in these epidemiologic stbies
miay be due to the fact that i i very difficult 1o adequately monl-
tor dict anid physscal activiry inosch sudies. Because almost all
aleoholic bevernges {some spirits, beer, and wine) contam etha-
ol and nonalcoholic compounds (mainly palyphenals), it scems
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difficult 1o diffesentiate the cffcots of both compounds 1n
epidemiologic studics.

Other tvpes of evidence may be obtained regarding the
bislogic plausibility of this hypothesis. Clinical trials measairing
the effects of moderare alcoholic beverage intake in surrogare
markers of atheroaclerosls in humans may be used to explain the
mechanisma by whach alcoholic beverapges could exert their
posztive effects. In this sense, previous studies have concluded thae
polyphenol-rich aleoholic beverages, sch as red wine, exert a
higher antiinflammatory effect than cthanol itseli/ | 18], However,
up to now, oo chinical trials to our keowledge have analyeed the
effects of medim-level polyphenol-content beverages, such as
cava (sparking wine) compared with those observed after the
administration of a polyphenol-fnee alcoholic beverage, such as
in, We embarked, therefore, upon a prospective, randomized
cromover clinical tral to evaluate the effects of moderate intake
of cava vs. gin on adhesion molecules, chemokines, and other
inflammatory biomarkers related 1o the carly stages of athero-
scleronis,

Participants and Methods

Participants and study design. We selecerd 30 healthy men, herweom
25 and 50y, whao were working im the Deparmnt af Internal Medicine
o uar intintbon amed reporred a daily erhanaol intake ramging from 10 o
30 g over the basr 5 v Five declimed pardapation, 3 did not meer lipid
mlmmlmﬁmw I'hl.u.“fnlll}-dl.ﬂtdll}

B | o protocel approved by the
[nmrmmlﬁﬂﬂh:dniﬁellnqﬂnlﬂ-h: Bome reported any of
the following exclusion crireria: diabetes mellios, svbacco wnoking,
hypersension, LIN. choleserol levels = 4,14 pamal, HDL. chaleseeral
bevels < 1,04 mmneolf]. cormnery bear dicase (CHIN, family hisiory of
pretmznare CHIY, ceech lar discave, peripheral vascular discase,
HIV infecrion, alcoholic B discase, mabnusrizson, or neoplaveic or
scaty mfection diwease, In addinon, se sbpon were reoorving any
mseuicatian of Esking sny vieansn supplements. Parricpasm eecerved froe
cava amd gin buz iy menezary compenanm,

The study wan an opon, prospective, fandonmdesd, crovioven, and
sirsgle-Blinchesl clenical skl in which subjeces rooeved 30 g athanalid s
cava (I3 L) o gim (0] L) for 28 d oo random onder. Before both
imterventiom, the sabjects abstained from aleobol for 2 wh (washow
periods 1 and 2, We followed the detary imtake and physheal activisy of
the participamts throughbot the study, lefonr aned atfeer wach intervention
perioid, we withdrew blood samples after svernight tasting and coded
them with random mmmbers o perform hiochemical teses amed mmmmo-
logscal srudicn. Finally, lrﬂucﬂlolutﬁmm,ad.lm
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TABLE 1 Total phanole and indracual phanobs compoind

concentratons of Chardonnay cava

Phanslics by HFLC-DAD Dallc scid
agd
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their pervomal preferences. Parricipant were not allowed g0 conaiime
onjons, vingin olive o, and groen amd black res, which s mch i
polyphenisls and antosidanm. Ciler foods with high polypheonl oos-
temt, ancorbs achd, a-tocopheral, andbor flcarotene, sach as oocoa,
chosulate, orange snd tomato jukces, muts, sone fruls (oranges, lenons,
wrawhernics, grapos., molon, apples, and apricot], swme veprtables
[spnach, eumign, cartomn, pandey, popper, garlic, amd romaton), il
saybesin prodocts were pestricond, providing 2 amalar astsoxadam
comtend for all the participants throughi the study, Beforr anid afoer
wach intervention, wr wsed 8 3 dood recall guestonnaire, validased in
vur populstion (221, m assews the dictary imtake and comversed thi
mbarmathon o nusritional data uskng the Professomal et Balancer
srdtware (Candinal Health Syeemm), We iwnisoned physical activity
with the Mimnesota Lemure Time Physical Activicy Questiomnaire {23}

wssevsed any advense eftecrs from the e by

checklise of symp imchuding bloari iu&rﬂnﬂnﬂm—m.ﬂmﬂd
boweed habir, dirriness, and other symprons possibly. associared with
alcobnlic beverage immbke.

Alcoholic beverages. We msed 2 motvariessl cave made from whine
grapes of Vi simifrea ov, Chardonnay (12% aleobolic seeengrh) and jgin
(4117 alcobolic seremgh) bn i sidy, We selocend thine beveraged on the
basss o their palyphenslic consent [medimin bovel for the cava and
negligable for the gin). Tozal phenohic were determised by
the Folin-Cincaltew reagent (201 In sddivion, individualieed phenolic
comspoinids webe descrmined by HPLC aa proviously described (21)
[Tahle 1)

Dvat and exarciss monitoring. The paricipants in the study fallowed
ity isocalonic Mediterramean-fy pe diet, which was designed sooondimg o

" dptvivatorn weed ChD, cororary asd dmessn, PACRP. Fagh ity
C rosctive motent 1EAM 1. rtercefuln siltwsion molscule 1, L&, yrpho
oyte horchon assoosied arbgen 1. BMCR Y rorocyts chemosthaciert po
tur, POMC, jewphonal Blaod rororncies ool SL". Sobd Lisven® | VEALL T,
wanculyt oofl aclenion mekecule ' VLA wory latn activabon srsigon -4

ZI80 Wicouoz-Agol el .

La ¥ analysis. At the end of each 4wk perid {rumdin,
imErvention |, wash-our, and imervenciom 21, we obamed blood
sampdes froan fawning and & spor wrine specinaen. Immunophenotyping of

ipheral Blood ear cells (PO were performed. Sorum and
EDTA: splasma somples were soted st —80°C for anabysis of imflamma-
ey miodecules ar the end of the mnsdy. Anslyses determined in froeen
samples of plasma oy was homocyweine by loosesornce: polarization
Immmoassay (Seeenems Medical Saluzsions Dhagmostics) o whals sweran
as appropiate wene: high-semicivisy C-reictive protein (vCRE) by
pantsche-rohancnd immminonepbe bomctry; wlible adhedon molecides
[ineercelbular sdbesbon meolecale-1 (FCAM-1), vasular orll sadbscsion
mokecule-1 (VOAM-1), E-sbectin, and Pacbecting, monicyte chino-
artractant profein-1 (MOP-1], and CIMOL by stamdard ELISA iBender
MrdSpeomal, We med high snstiviey mmmmimoasays for IL-6 and
ThiFa m detect low wram comecntrations of these molooales (80 pril.
aml 310 pgl, mspectively). Intra- and nter-assay vanstion oocfficent
for BeCRE, BEAM- 1, VOAM. 1, E-elecrim, Poselectin, CIMOL, MOT-1,
THFn, and IL-# ranged from 1.8 to 5.4% and from 029 o 29%,
respectinely,

W performed all snabses in duplicase. As a measune of mborvoemtion
compliznce, we measured urinury resverarrol motabobives by FIFLC- A5/
M4 before and afrer each incervenmion, as previoady reporned |24},
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PEMC immmmmophenalyping. FRMC were solased from whale Bood
by demsiry gradiens cencrifugation over Ficoll-Hypague (I"harmacia)
1285, We snalyeed the expression of adhesion molecules om FRMO
sirisce vis domble digece il e g cial ginimis
chonal snribodies. Cell conntimg and flearcwenoe analnis were per
formsed im a FACScam Clinical Cyromerer | Becion-Dickinson) usimg the
Cell(harse sofrware, The alhevion molecule sadied weee: very lue acri-
vatwn amtigen-4 (VLA (Crrogmoel, brenphocyre fuscel 4
aneigen- 1 (LEA-1] (Bender MedSystems), Mac-1 (Bender Medbysnem),
and Stalyl-Lewhi® (51e") iBeckman Conleer), C140 (Cabtag Labarato-
tiesl, another relsted molecule, was abn meavieed. We ddentificd
manocyte snd Tlymphooytes sparasly ushog ansh-CINA and ansi-
CI32 | Calzag Laboeapoties] monockomial ansibodien, sespectively,

Statgiical anahsm. We performed statiasical analyss miing the SP55
Statistical Anabysin iystens 110, Values in the it are exprossed as means
= 80, imlews othorwise indicated. Valees with 3 skewed discriborion
(hsCRE VOAM- 1, TCAN-1, and 11-6) wire cransformed oo cheir matral
loggamith for analyses. Wi compared chamges in ostcome varables in
reypomse toeach intervension treatment with the 2-taaled pained o test. To
exclnide the presence of & carryover eftect for rhe 2 intervenmons, we
comparcd the ooscome variables observesl before the cava and gin
mearmenss w=nd idsd nor observe dEferemces in any of the vanables
snalyred e above)l. Wiehen and berween-group differences are ex-
revised as mean percent difference (95% CI) Differences wiere comad-
ered signaficang ar P < 005,

Results

Basalimg characterstics, intervarnlion compliance, diet,
exerclie monftordng, and side effecte. OF 30 efigible
subpects, 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 v} in the stly and ramdomly sssigned
them o 1 of the 2 incerventions (cava or gin), All subjecs
completed both phases of the study. Prior 1o participating in the
sticly, they reported a daily cthanol intake of 168 = 126 g
during a period of 17 = 10 yv. We evaluated the compliance of
intervention by analyzing participants’ reports and recounts
of ernpey bottles returned. In additson, o an objective measure of
intervention compliance, we de ined pesveratrol metabolites
in urine. The urine concentration of total resveratml metabolites
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increased by 724 nmolly (95% O] = 48.5-96.2 nmolls:; P =
0JE) after the cava intervention compared with the corre-
sponding wash-out period, whereas we did not find any sig-
nificant changes alter the gin mtervention. Based on these data,
all participants were compliant, Seif-reporred diets were close to
the planned dicts and none of the subjects consmed a significant
quantity of polyphenol-rich foods during the study, so the
outritional intake mehsding total energy, carbobydrates, fat,
prodein, and witamens was simblar bebore and after each inter-
vention period in all the subjects, Only 1 participant reported a
1-d wiolateon jonion) 17 d before assessment. In addition, we did
not find any sigmificant diffesences i physecal acovaty through-
out the study (Table 2). None of the participants reported any
side effects during the both phases of the study.

Exprassion of cell adhesion malecules on leukocyle ool
surface. Expression of ocll adhesion malecules on leukocyee cell
surface before and afrer cach intervention is reported in Table 3,
Adhesion mobecule expression did not differ before cava and gin
intervention. Changes in T-lymphocyte surface molecubes were
minimal. We deteceed a reduction in LEA-1 expression after cava
intake by 16% (P = 0.001) snd an upregulaion 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
mate promincit on monocyte surface. Afrer cava ingake, there
were reductions of 11-21% m LFEA-T (P = (L048), VLA-4 (P =
D015}, SLe® (= 0.01), and CD4D (P = 0.033) expression, On
the other hand, after the g intake period, only SLe" declined
(" = D03e), The following molecules were significantly down-
regulated mome by cava than by gine LFA-1 i Tlymphocytes
(P = 0.001) and monocytes (P = 0,021}, VLA in mopocytes
(P o DR}, and COMG o monocyies (F < 0,029],

Changes in homocysteine amnd circulating inflammatony
markers. Plasma bomocysteine concentrations were similar
before and after cava (109 = 1.7 prmwoll to 11.5 = 3.6 pmol/L)
or gin {105 = 26 pmoll, ro 11.2 = 19 wmolll) intervention
periods. Serum adbesion molecule concentrations did noe daf-
fer before both the mterventions. Some circalating adbesion

TABLE 2 Dwiary mtnks, body weghl, and exaross snargy ouwpisl in man balors and after cava and gin susrventions'
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TABLE 3 Expression of lﬂllrrlnmw? malecules on leukocyte cell sufaces of men before and after

cava and gin inferventions
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madecudes and other inflammatory biomarkers changed afrer each
intervention (Fg. 1), Afer the cava period, concentrations of
CIMOL (P = 0015}, VCAM-1 (P = 0.001), heCRP (I = 0.04%),
IL-6 (I = 0.008], P-sclectin (P = 0.01), E-selectin (P = 0,02},
ICAM-1 (P = 0001 3), and MOP-1 (P = 0,01) diminished from
11 ro 27%, After gin consumptbon, we observed reductions of
13-18% in serum E-selectin (P = 0012}, Poselectin (P = 0028},
and VOAM-1 (I = U03) concentrations and 21% higher
M1 levels (P = 0,026), The cffect of cava was greater than
that of gin for COMOL (P« 0,030), KAM-1 (P = 0.015), and
MOCP1 (P = 0J601)

Discussion

Inn this 3-ma fecding ntervention trial, consumption of 30 g
ethanolid as cava was associated with a downregulation of the

expression of LFA-1, VLA-4, SLe", and CID40 in manocyees and
of LFA-1 in T-lvmphocyies, In addition, sersm concentranions of
hsCRP, VCAM-1, ICAM-1, E-sclectin, P-sclecting 1L-6, MCP-1,
and CD40L also decreased after cava ivake. Gin intake alo
exerted an antiinflammatory effect, because serum concentra-
vinns of VCAM- 1, E-selecting and Poselectin decreased ansd, also,
SLe™ was downregulared in monocyte surface. However, the
effects of cava on inflammatory blomarkers of atherosclerosis
were significantly greater than those of gin,

The epidemiological asiociation between moderate aloohol
consumptaon and lower prevalenoe of atherosclerosis may have
several pitfalls, because even in prospective cohort studies it i
dithcult to wssess the type and amount of ethanol intake exactly
and 1o control the effects of the dict consumed and phvuical
activity performed oo the variables studied (26}, In fact, some
investigators have suggested thar the lower nisk of CHD in
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moderate deinkers may be also related to thelr characieristic
lifesayle or the consmption of a healthier dier (271 It should be
taken into account that fruits and vegetables comtain large
amounts of polyphenolic compounds, such as flavonoids, and
some udics have suggested that Aavonoid intake may explain
the low mortality rates from CHD seported in Western countries
(28,2%). On the other hand, physical activity increases HIDML
cholestern] serum concentrations (40) and may reduce cardio-
vascular mortality by itself. Thus, the mwe of nuwmbon and
excrcise may be solved in only well-designed clindcal erials in
which the intervention could be monitored by baschemical
analysis. To avoud thas problem, in this mal;, we monitored
nutritional intake and exercise performed throughout the study
by means of validated soules, but we did por detect any dif-
ferences m these variables between the perioads of the study.
We also assewsed protocol compliance by personnel interviews,
counting empey bottles, and measuning concentranions of res-
veratrol metabalites in urine after each intervention (241 Afver
analyzing all these dara, we conclidked rhar protecel compliance
was nearly 100% in all the subjects. Therefore, the changes
observed in inflamymatory variables analyzed in the study should
Ise areributed 1o the consumption of cavs or gin,

The mechanisms by which moderate alcobol consumpeion
may prevent atherosclerosis are not completely known, Bevond
changes in lipid profile, coagulation, and fibrinalite system ob-
served i aleohol drmbkers, the Invalvement aof other alternative
mechanisms may completely explain the protective cffect of
alcohobe beverages (7,13,31), Thus, the possible antirnflamma-
tory effects of alcoholic beverages o the anertal wall have
become a matter of research (18],

Epadermiological studses suggest that moderate alcohol intake
in associated with reduced levels of circulating inflammatiory
predictive markers of atherosclerosis (9,14,325, In this sense, a
reduction in C-reactive protein, o -globuling, ory-globulins, IL-6,
sTNF-RL, sTNFR2, and Bbrinogen have been observed in
moderate drinkers compared with nendrinking subjects, Like-
wise, moderate amounts of red wine inhibit the expression of
MCI1 and neointimal hyperplasta after a balloon injury in
cholesterol-fed rabbirs (33), whereas in vitro studies show that
ethapol mhibits MOP-1 expresion m [L-18-activated human
endothelzal cells (34), Previous clinical rrials performed by our
group reveabod that moderate consumption of red wine exerted
greater antiinflammatory effects than cthanol iself (gin), In
adidition, red wine prevented nuclear factor-xB activation in
PBME, a prosoess that activates genes involved in immune and
inflammatory respomses (35,36}, These antiinflammatory effects
have been artributed 1o the high polyphensl content of red
wines, The results of this study alse confirm that moderate
comumption 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 mto
the arterial wall,

The interaction of Tlymphocvies and monecyies with
endothelium through adhesion molecules 15 the first event 1n
atheroma plague formation. This process may involve several
steps such m rolling, wethering, Arm adlesion, and trammigra-
tion of circulating mononuclear cells in which different adbesion
mobecules participate (8], Sclectins and SLe® exert their funcrion
during the molling phase, whereas integring, ICAM-1, and
VCAM act during firm adhesion and tramsmigration (37). Our
results supgess that moderate consumption of cava and g may
Tawe an effect in the miria] phases of the atherosclerosts process.
Unedl now, no studies to our koowledge have reported the
antiinflammatory effect of cava consumption in human beings,

Publicaciones

These elfects may contribute, with sthers previoinly repored
{unch as rediscrion of LD exidation in vitro or decrease of anmic
fatty streak formation m bhamsters) (383%) 10 the overall
benehicial effect of wine against atherosclerosis,

In ssmmary, our study suggests thar aleoholic beverages with
medium-level polyphenol content such as cava indwee greater
reductions of inflammatory markers of atherosclerods (adhesion
maslecules, cvtokines, and CDA0ACDH0L. system) compared with
alcohalic beverages with negligible leveds of polyphenals, such as
gin. Therefore, these data suggest that some of the atheropro-
tective effect of aleohollc bevernges could be partially mediated
by their antimflammatory activity in the vascular wall,
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4.2.1.2.El resveratrol urinari com a nou biomarcador del consum moderat de vi

Carta d’opinié: Zamora-Ros R, Lamuela-Raventds RM, Estruch R, Andres-Lacueva C.

Resveratrol, anew biomarker of wine intake?. British Journal of Nutrition. 2008. Acceptada.

Resum

En un recent review de la revista British Journal of Nutrition, Spencer et al.(Spencer et al.,
2008) han realitzat una meticulosa revisié presentant i avaluant els punts forts i debils dels
biomarcadors nutricionals de la ingesta de polifenols. En aquesta revisié es repeteix la idea de
gue els biomarcadors ofereixen uns resultats més reals de la ingesta respecte a les estimacions
dietétiques, en aquest cas de polifenols, que les estimacions obtingudes mitjancant enquestes
alimentaries. Els autors han identificat quins criteris han d’acomplir aquests biomarcadors: i)
metodologia robusta; ii) sensibilitat; iii) especificitat; iv) biodisponibilitat. A més els autors han
recopilat un conjunt d’exemples de potencials biomacadors, i en aquesta carta d’opinié el
nostre grup suggereix la inclusié del resveratrol com biomarcador del consum moderat de vi.
Aix0 és degut a que als articles 1 d’aquesta tesi es mostren resultats sobre la sensibilitat i
especificitat, respectivament, del resveratrol com biomarcador del consum de vi. A més la
metodologia d’analisis per LC-MS/MS és una técnica suficientment robusta i recentment
Boocock et al. (Boocock et al., 2007) han estudiat els parametres farmacocinétics en humans

del resveratrol.

Per aquests motius, el nostre grup proposa el resveratrol i els seus metabolits en orina com a
biomarcador del consum moderat de vi, perqué acompleix amb tots els requisits considerats

per Spencer et al.
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Letter to the Editor

h:msmdguﬁlhheﬂhlhﬂmkhiwmﬂnfﬂ'm!ﬂm.
Spencer ¢f al 7' reviewed the strengths and the limitations of
the biomarers of dietry polyphencl inwke, since mutritional
bicmarkers may be a botter mensure of dietary exposare
than  self-reponed dietry dwtn. These aothoms identfied
the critarin that must be comsidened in the development of
mich biomariers ns the following: () robus nethodology;
(K} semadrivity; (i)} specificity) (iv) bloavailshilivy, DifTepem
polyphenols were reviewsed 85 potentia]l blomadiers by the
nuthors; we sugaess thst resveratrol should also be considered.
We analysed resverstrol metsholites as potertial biomerkers
of wine consumption in two randomised cross-over mials and a
cohort study™, Uking o cutoff of 90rmolfg, we were shle
o pse wrimary total pesverstool metsholile concentration o
differertinte wine consumens from sbstainers with o sensitivity
of T1% (60-B4%) and & specificity of 92 % (87-100%).
It these wrials, utinary mesvemtsol was specific, ns wine
has been reported as the most impostast sousce of dbetary
resverntrol (98-4 %7, has an sdequate hall-life and provided
n good comelntion between these mesmwed valoes nnd
the dietary dnt reported (r 04654 P<0-001). In ndditon,
there is o robust anelytice] l,rm:fmlt:wuJ"'PI using LO-MS-M5
to determine wonary sesvertrol  metabolites. and  thei
mmdkmnﬂﬂ\hwcbnmmuﬂrmahrﬂm
cock etal, '™

Tl.'an,glhm poimis  into  considemiicn, we wint io
propose unnary resvernirol meetsholites = 8 biomarker of
Empe product consunaption; this would be 8 new muritional
bicmarker which sccomplish and fulfil the cmterin of
Spencer of al, ™,
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4.2.2. Concentracié de resveratrol i dels seus derivats en aliments i I'estimacié de la seva
ingesta dietetica en una poblacié espanyola: cohort que pertany a l'estudi prospectiu

europeu sobre dieta i cancer (EPIC-Espanya).

Article 3: Zamora-Ros R, Andres-Lacueva C, Lamuela-Raventés RM, Berenguer T, Jakszyn P,
Martinez C, Sdnchez MJ, Navarro C, Chirlaque MD, Tormo MJ, Quirds JR, Amiano P, Dorronsoro
M, Larrafiaga N, Barricarte A, Ardanaz E, Gonzdlez CA. Concentrations of resveratrol and
derivatives in foods and estimation of dietary intake in a Spanish population: European
Prospective Investigation into Cancer and Nutrition (EPIC)-Spain cohort. British Journal of

Nutrition.2008; 100: 188-196.
Resum:

Els efectes beneficiosos del resveratrol respecte a malalties relacionades amb processos
oxidatius i/o inflamatoris es troben ampliament descrits en la bibliografia. A més en els ultims
anys, han aparegut estudis on al resveratrol se li han atribuit propietats relacionades amb
I'antienvelliment, ja que té la capacitat d’augmentar I'esperanca de vida d’organismes simples
i mamifers petits. L’objectiu del presente treball és estimar la ingesta dietética del resveratrol i
del piceid (R&P) presents en els aliments, i la identificacid de les principals fonts dietetiques

d’aquest compostos en una poblacié adulta espanyola.

Per assolir amb I'objectiu, en primer lloc es va tenir que recopilar una base de dades de
composicioé d’aliments espanyols (BDCA) especifica per R&P. Finalment es va aconseguir una
BDCA amb 160 items que es van agrupar en un llistat de 18 aliments geneérics. La poblacio
espanyola estudiada va ser la cohort de 40685 subjectes, d’entre 35 i 64 anys de regions del
nord i del sud de Espanya, inclosos en I'estudi prospectiu europeu sobre dieta i cancer (EPIC-
Espafia). La ingesta habitual d’aliments va ser estimada mitjancant una entrevista personal

emprant una versio informatitzada d’un questionari validat de la historia dietética.

La mediana i la mitjana de la ingesta de R&P de la poblacié adulta espanyola és de 100 i 933
ug/dia, respectivament. Tot i que aproximadament el 32% de la poblacié espanyola no
consumeix R&P. Dels 4 estilbens estudiats (R&P, formes cis i trans) el majoritari va ser el trans-
piceid (53.6%), seguit pel trans-resveratrol (20.9%), cis-piceid (19.3%) i en ultim lloc el cis-
resveratrol (6.2%). La font dietética més abundant de R&P va ser el vi (98.4) seguit pel raim i
els sucs de raim (1.6%), mentre que els cacauets, festucs i baies contribueixen amb menys d’un

0.01%.
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Aixi doncs, com a conclusid d’aquest treball es pot observar que el patré d’ingesta de R&P és
similar al patré d’ingesta de vi. Aquest ha estat el primer treball cientific que estima el consum

de R&P en un pais mediterrani.
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dietary intake in a Spanish population: European Prospective Investigation
into Cancer and Nutrition (EPIC)-Spain cohort

Raul Zamora-Ros', Cristing Andres-Lacueva'*, Rosa M. Lanmuela-Raventds®, Toni Hermguar!,
Paula Iukﬂ;mz. Carmen Martinez®, Maria 1. Sinchez®, Carmen Navarro®, Maria D, Chirlague?,
Maria-Jozé Tormo®, Jose R, Qtti.rﬁsj. Pilar Amiano®, Miren Dorronsoro®, Nerea Larrafiaga®,
Aurelio Barricariz”, Eva Ardanaz’ and Carlos A. Gonzilez®

" Musrition ard Food Sclence Department, XaRTA, INSA, Pharmacy School, University of Barcelora, Av, Joan XXI, o 08028,
Barcelona, Spain

*tinir of Epidemiology, Catalan Instingte of Oneology, Dustinite of Riomedical Research of Bellvitee, L'Hospitaler de Llobre pas,
Spain

Andalesian School of Public Health, Granads, Spain

*Servicio de Epidemiologls, Consejrria de Sanidad, Murcia, Spam

*Consejeri de Sanidad v Servcins Sociales de Asturias, Oviedo, Spain

“Direceidn de Salud dv Guipdzeoa, Son Sebastidn, Spatn

Tinxtinutes de Safud Piblica de Navarra, Pamplona, Spain

[Eevervead 1D Septewber 2007 = Bevised 25 Oriaber 207 = Accepied & November 2007 = Firm pablishead sniine 21 Deormber 20007}

Resveral has been shown o have beneficlal effects on diseases related o oxidani andior infx ¥ P and ks the lifespan of
simple arpankime incuding rodents. The objoctive of the pressnt shedy was 1o catimoe the Eetary intakio of resvemtnl and ploeid (RET) present
im foods, and o identify the principal dictary soerces af these compounds in the Spanish adull population. Far thiz purpose, o food composition
dainbase (FCDE) of B&P in Spanish foods mcm‘u;‘.lud.‘]‘h:.rrldy hﬂu.ﬂ:d-ﬁ:lmmhjauimd 35 o4 yvews from nohem and southem
reglomi af Spain who wene incliided in the Buropean Prospective Investigation inks Cancer and Netrition (EFICH-Spain cohort. Uinial food
Imtnke w assesred by persomal interviews eeng » compuesrized versicn of o validated diet history method. Am FCDE with |50 items was com-
pileed. The estimabed median snd mean of BA&T intake were 100 and 9533 up/d respectively. Approximately, 31% of the populstion did not consume
B&P. The moo sbundant af the four stilbenes emdied was rrani-pheeid {536 %), follawed by frane-resveratmal (209 %), ci-plocid (193 %) and
cirsresversral {62 %) The most imponant soace of K& wa wines (98 4%) snd grape aed prope juices (1-6%% Ihﬂul.pu'lu. pin.ld:dms-d
berried comtriluted to ke than 0401 %. For this reassn the pattern af intake of R&P was similsr 1o the wine pamem. Thia b the £on time that R&F
imtake hias been estimated in 5 Mediterrenean coumtry

Wine: Ewropean Prospective Investigation inio Camcer amd Nutrition (EP1C)-Spain

He L Fi thon, duink I

found in red mhle
all kinds of toma

Resveratrol (3,5,4" - tlwdroxystilbene) is the parent compound ad R&P have ot been found in

of o family of molecules, inclhuding plycosides (phoeid) and
polymers {viniferins), existing in cis ond trans conflgursthons
classified as silbenes™. The essential wmemral skeleion
comprises two sromate fngs linked by o methylene bridge
(Fig. 1}

Resvermrol and ploeid (R&F) are mainly presem in gmpe
and wine derivatives and ther composition is affected by
grape cultivar, degeee of mamrity & harvest, fungel pressure,
clinste and wine-making techmology™". Secondary food
sources of stifbenes are peanuts, pigachios and bermes™ 7.
Recently R&EP wese also detected in the akin of wmntoes,
although the concentrations are 3000 tmes Jower than thise

| The imponance of REP food sources
depends on food composition ond the nmiournt of consumption
of them (snndsrd serving size: gropes. 1508; wine, 125ml:
bemies and peannts, 30 g). The votal qualitstive and quanmts-
e REF profile is also affectad by the sousce: pras-pheekd is
mainly presesi in red amd white wines nnd grape juice; cis-
pieeid morosd and spackling wimes atd frans-sesvemtrol in
grmpes, beries, peasts and pistchios™ ™ T Ustil now,
vimifesics have only besn described in grape derivatives' ="

Resverstm] is of great interest in nutritdon and medicine die
to fts potental health berefis, such as anti-carcinogentc™ 1%,
neroprotecter ™ end andonidar effecs™ ™, as 0 modulator

Ablrevistions: EPIC, Ewopesn Progective lnrestigaion ie Cander snd Niftisen: FCDE, food pesition darad REP

= Corvesponding avther: T Criviinn Asedric Lacweva, Fan + 34 U5 400 50 3. oall condess Sabedu
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b“cw avie]

{4} F = OH bk Bt = GH
{e) R = glucoss [} R = ghucoss

Fig. 1. Strochunia of reaversll @mg cofvalives: (8] bnans-risvarind; (o) o@
RSO (G Favaepaca; |0 cae .

aff atid Hpeprotein metabolism, 2 an amiplatelet aggregn-
npd W8 cestrogenic sctviy™™, Indeed, it has been
thhﬁmtmnFulmthIylmhm
by etergy restriction™ 7, The hiclogical effects have been
mmmyhm.ummmuulmm:mvm
mmmnmwmumﬂ

hlmmlumuhmmmmw
netivity of tanscriptional fsctors mvelved in proliferation mnd
stress rosponses and ends to the modulstion of sarvivml nnd
apoptotic factors in carinogenesis™™ ", In atheroscleratic
mdmimnw“dlmﬂ:MOfmmm
pod only due to #s antioxidant and seavenging activities, but
nlso to s paricipabon in the modulatson of signal tensdeeton
patheays and in the sctivation of several encynses st micromolar
concenpations 140

The pharmacological effects are consistent with the resver-
atrol concentration in plasma, LDL and wring after oml sdmm-
istmtion in lmman sobjects™ ™, The biclopical effect of
resvernirol will uldmately depend om the cellulsr effects of
the circulating metabolites that are effectively nbsorbed (ghi-
curonides and sulfates)™ and not on the mative fomms in
food™* ¥ However, other muthors leve speculued
resverntrol metabolites may become deconjugated st the
tarpet sites of acton, thereby rolessing aglveone o elicit bio-
logical acti AR,

Intnke values of frons- and cis-resvermtmul and piceids are
set available ether since there is 1o complate food compo-
gtian datshase (FCDB) of B&P. The aim of the present
sdy was to campile compoaition daz of R&EP m conman

foods and to evalunte major food soirces nid theis
daily trnke in the Spashih adult populsiios,

Materials and methods
Population

Dietary st and other lfestyle factors from 41 440 subjects,
nged 19-69 yoars, who partdeipated in the Europenn Prospec-
dve Investigation imio Cancer and Nutritlon (EPIC) in Spain,
wore studied  Parvboipemis were healdyy volumeers, blood
donors principally, recroited berwoen October 1992 and July
1996 i five Spazish reghons: three fraom the North (Asturias,
Navarm and Gipuzkoa) and two from the South (Muzciz and

Grannda ™™, ABler the exclusion of 755 subjects beciuse of
implausitile informatian, the finnl population smidied
corsisted of 40885 subjects (15428 men and 25237
women) aged 35-64 years, The mean apes nl recnaitment
were 508 and 484 years for men and women. pespectively.

Ietary information

Umaal food intake during dee preceding year, teking info account
sensannl veriaons, wes estimated by personnl interview using &
camputarised diel history questionneine. This wes developed
and validased specifically for the EFIC smdy m Spsin®™™". The
questionnaine was stuonmed sccording to occasion of feod
mtake (beeakist, lunch, dirmer). Trained imerviewers pathered
duin oo prepamiion method, avemge frequency of consumption
per week, nod usual portion size for esch food consumed at
lenst padoe per manth (or ance per masth for seasonal foods),
Portdon sizes were reported in matiral units, household mansores
or wilth the add of n mamsl of thiny-five sets of photographs
propared specifically for the suudy. The questhkomaime inchuled a
list of myore than 600 foods and beverages and about 150 repionnl
recipes. Foreach food described, the final amoun consumsed was
caloulnted, taking into aocoun the cooking method nsed and the
edible part consumned.

Food composition daishase

A literature search was condected in MEDLINE (United Stntes
MNational Library of Medicine, 2006} and in the Food Schence
and Technology Abstracts (Internationnl Food Information Ser-
vice, 2006) 1o identify sources of resveratml compounds in
Spanish foods in published food composition dats. The search
terme included resvemirol, picehd food composition, food,
wine, berry, peanuts, plstachios and tomato. Review papers
duat diid not contain new primary dats were excluded. However,
the citations used in these reviews wene cross-checked with
nritial literniure searching to identify any addidonal references,

The following mfornastion wes extracted Fom esch publi-
cation; (1) food mformetion: name, food description, sciestific
nzme &nd country of the smdy; (2) messurement information:
vilue, type of value (mesn, median, range, othes), sumbes of
samples, sampling method and analyvtical method; (3} biblio-
gmphic reference, With this imformation we assessed the Ml
quality for imclusion in the Databnse following lhﬁkﬂ}'
originally developed in the EU-AIR NETTOX

The eppropriste methods of enalysis were HPLC dioﬁ
=y or GOMS, When oir- and frarr-picedd wen quantified
by spectrophotoametric method and were BN TESVET-
arrol, convershon fnctors were applied: x 157 and = 175
for trang- and cis-piceid, respectivaly. These factors wene cal-
culated nsing the relationship betwesn the molar absorptivities
of rrena-resvemtrol (ITV & (10% ethanol) nm (eh 306 (31 200/
sufemn ™ nnd trens-piceid (UV A (10% ethanol} nm (e 306
0 100 wfem)t (B Zamorn-Ros ef al, resulish,
and the relationship between cir-resverstrol (LY A (10 % etha-
nelh nm (e} 286 (13 10060cm ™ md einpodd UV A
(0% ethanol) nm (e} 286 (7500M%WAem)) (R Famora-Ros
o al, unpublihed resulis), respectively.

Unis of messurensenis and meodes of expression varied scmss
e studdhes. To stmdandise, valoes were converted intomg/100 g
fresh weight. Data forsimilar foods went nggregeted as weighted
menns, taking into socount the oumber of samples,
plan and frequency of conmmption of Spanish foads™",

When we did not find Spanish food valoes for fportant
sources of resverstrol such as peaputs, pistschios or berties
we selectad foredgn food values, Other unknown values were
estimated using & bickogically similar food or caloulsting
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recipes. Despite the use of other countries’ and estimnted
values, data were still ot available for some foeds.

Sranisdical analyies

Disributions wene expressed &5 means, standand deviations,
medinns, and as 25th and T5th percentiles, and wene mensuned
separately for men and women. Because REP imakes wese
skewed townrd higher values, we used madian vabaes 1o com-
pare resulis. The avernge estimates of dsinry imnkos werse sian-
dardised by sex ond age of the Spanish populstion aged 35- 64
yours™ The contribution of each food w the total innke of
imdividnal snd tota] R&P was caleulated ns a percentage.

To assess the differences in R&F inake with respect to the
cutegaries of age, region, edecationsl Jevel, tobscco smoking,
BMI and energy intake, estimatiors of the propostion of cons-
mers ard R& P median imtalee amang consimer s were caloulnted
iadng Moear regreasion nnalysis, respectively, All deese modals
were adpsted by sex, age, region, BMI and energy imake
(kWd). To perform the Brear regressbon nnnlysis, o Box - Cox
trmnsformtion of the respanse varishle wasnecessary to observe
the nssumptions of the model, nod the invene nsfommation
was opplied 1o the resdtimg nﬂnmumﬂﬂmu
mediaza™. Data were apalysed with the B s ﬂl@:
envimnment for satisticn] congputing and graphics

Resalis
Food composition datahase

Resveratral values from ffty-four stiudies wene nsed to com-
pile the firs) food demabase, The compilstion inchaded 160

food bems with information on the concentrutions of frars-
end els-resverntrol, rans- and cir-piceid and sum of R&P.
Table 1 summuarises the resvenstrol content from all refemmoes
compiled for all the common Spenish foods considered. Red
wine (0847 mg/100gh and iadori tea (974 mp100 gh wena
the: hiphest sounces of R&EP, but itados tea s mot consumed in
Spain. Intermedinte sources of RE&EF (0-08-0-547 mg/100 g)
camresponded to other kinds of wine, gmpes, grape juloe and
peanut butter. Lovwest sounces of REP (<0400 mafi0dg) were
peanuis, pistachios mnd berries.

Esiruzted resverarrol imiake

Table 2 dhows the mean and median values and percentiles of
trarg- and eis-resvemirol, frans- and cis-pioeid nad towl pever-
atral intnke by sex in the stdisd populstion. Avernge inake of
R&P was 933 pgfd. with a madion of 100 kafd As indicated
by the median and percemtiles, the distribution was skewed
1 hdgher values. A wotal of 13175 participanes (390 and
20:0% of 1otal women and mes standsdised by sex and age
aof the population respectively) had & to12] resveratrol
intake of Opgfd (non-comsumers), trans-Peetd contributed
537% of wotal resverstrol isake, frons-reaverstrol 20-8 %,
cit-pheedd 193 % nnd civ-resveratral 61 %,

Table 3 shows the dilferences i R&P iminke ncconding to
sex, Bge, peographic pren. energy iniake, BMI, educstion
and tobaceo smoking, Medinns and percentages of consumers
were adjusded by sex, age, BMI, region nnd epergy consump-
tion. REP conmmpthon was lower i quantily and peentage
of women consumers (137 pg/d end 6140%) than in men
(686 ug/d and B00%) Mean of R&EP and percentage of

Tatle 1. Food comporton dats soaices for meaverstiod content (mg"100 g kinsh wesghtl

Irare- o A - Tl

Fiod A mmaveralnel pesversird  pesd piced sl LEE
Wi, nct a1 o-oar bay o0 0888 Calcdated

e ]
R weie) i o084 oas 027 0BT Lamusin-Raverdos atal ™, Moo -Latenda afad ™,

ot ml ™ Filn ez Dolgae of af L
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Giapss, At 150 - o-0ET - o2 Canlos ur-.ﬂ'""‘
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Table . Estrmatsd rosveininy sk {ug/dl in the Cuopasn Prospactive Invesbgalon mio Canced and Nutrton (EMC-
Soan ny s
ans i e ! i Irans-psood® em-poed” Tolal rmsvieaina®

Wan {m 15 48]

Wean r {{+] A78 1 (Livai]

1] 44 121 1213 380 2078

Madan L[] 1] 156 (1] i

Percoine, 236 P 14-802 162 H-1300 4407 AR-250
Woman {125 237)

Nman L1l 15 123 A 235

1] 12 E -] s L] 571

Medan 1] o o o ]

Perooing, 256 - T O -0 o~ o-27 o148
Total {m 40 GBS}

Wman 18 54 501 180 a1t

1] I i) b1 e 1ars

Medan n 3 L] 16 180

Perooviss, 25875 a=228 o=81 =545 O=240 a=1219

* Bdpmindd by wam anal spe of §pare popslesion aped T -8 years

consumers tended 1o increase in the older age cotegories. Indi-
vidusls from the porthern regions conemed mome resvemntrol
than from the southem regions (513 v 125 patd), slboogh the
percentage of consumers was approxinntely the same (883 v
94 %), Incrensing intake of R&F and percentage of conso-
mers seemed to be comelsed with higher energy imtake. Indi-
viduals with o BMI between 25 snd 30 kg/m” hed the highest
imtake of total resverntrol (333 pgid) and the obese group had
the smmllest percemtnge of conszmers (66-3 %) Individuals
with a high level of education (lechnicnl and professional, sec-
ontdary schoal or wtiversity degres) had o higher iniake of
RA&P than those with only primary education of oo education
(340-346 v. 208308 pafdl, and the propomtion of comsumers
was nleo hdgher in this group (69-8-724% v. 65-0-656 %),
Theré wes o decresse in REP mtake and perceninge of consi-
mers i mon-smokers (259 ppdd end 67-1'%) when compased
with cutrent (369 pgfd and T1-0%) and formesr smokes
(342 pgid and 63-4%).

Sowrces of regveranrol

Table & shows the major contnibutors o REP istake, The
ocheit sounce was red wine (R26%) As prouped foods,
the madn comtributors were wines (9849%), grapes (11 %),
st anad fisices (05 %) and, finally, peanuts and pistachios
(=001 %) For rans-picedd the major contriwions were
wines (987 %), must and puces (07 %) and grapes (04 %)
Far frang-resverntrol, we identified the following food items:
wines (959 %), gmpes (3-5%), must and juices (03 %) and
pennuts, pisachics and bemries (0H3 %o, For cis-isomers, we
olwerved the next mniking: wises (999 and 997%) and
st 2t juices (01 end 03 %) for cis-resveratrol and e
plewid, respectively.

DMscission

The present dudy represents the first snemgt 1o compile the
available liternture for RAP i commoen Spamish foods.
After developing an FCDB, we estimaed dietary intakes
nnid food sources of R&F in Spanish adults.

Previous papers have compared resulis of de trans-resver-
mulmmbmhwmmgﬂ:ddmﬁwum~mﬂ
clipiceld mpd cis-resverntrol™, REP are charscteristic
componams of Viee wieffere L and are present in prape
derivatives. REP &5 not umique 1o Viss because it is also pre-
sont in ot least seventy-two other plamt species™™, but omly
berries, peanuis nnd pisiachios are components of the bumnn
dist. The high vardshibty in REP food compesmion, red
wines mnged between 28677 apd I233mg RAP per
100 m™, yeas solved with weighted menns, ndjusted necord-
i o Spanish food consumpticn™. Another consideration in
e FCDE was the polentisl losses in REF fram foods
cooldng. The dam availsble from the smdy by Lee er al,
suggest that svernge losses during ioasting peanuis nre
spproximately 30%, The most common method for the
mersurement of REP s HPLC coupled o a UV dector,
Uetal 20045, due 10 the non-availability of 8 comenercial
standond, the piceid resalts wene expressed as squivalents of
nesvemtrol, underestimating 1-57- and 1-75-fold for frams-
end cispioeid, respectively, 'We, therefare, spplied a comee-
ton factor to minimise this emorn. FCDB also nepomed o
quality index fior esch value to gusmntes the individun] quality
daty and the global conirol of FODR, However, Tuther mves-
tigation is required 1o analyse new sources of REP, becanse o
date many foods have pot vel been siodied. In & recent sudy,
R&F were found i the tomato skin, but o very small cancen-
trations (- 184 pams per million of dried womato siini™. This
value was not used m this FCDB becase not all kinds of
wmaie contnin R&P. the concenmwiion is very low (3000
times lower than in red wmble prape skan) and, =t this
mmﬂmgqx:mﬁlcmmﬂmhmicm
varieties of tomata™ and not in Foropean varietes™ ™.

The medizn end the mean of the estimated daily intake of
R&P were 100 and 933 upid respectively, and were standnr-
dised ncconding to the age and sex structose of the Spanish
populstion aged 35-64 years. The median of imake was sig-
nificantly higher in mabes, i obdest age, currem smokers,
highest educstonal levels, Momhem region and highest
energy intake. The large discrepancies botween the mean
et mesdian values were due to the fact that more than 32%
of the participents did oot consume R&P, and there was 8
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Table 4. Comurrpion of total n e Euroo: Pioap
Investgaton nky Cancar and Mulrton (EPIC)-Soam oohon by lood
erna

Prapo of Curmusi
Faeil dnm i %) ciicrilags
Fird ’2-63 B263
Fexash winn 12.10 B
Wina, not speciiad - TS
Giapes, nol epnclind 1-13 o868
Wit o w27
VAT wines 030 0-58
Yoot =541 .77
Frust juos o1 B
Spardng wins 008 .
Foatisad wini o0 0007
Txacod {hypel Baagus wnsd) o0 B9-00
Shery wone <001 B9-00
Pramnuts, iaashed =001 -9
Pauchin, il =001 100

scewed dastritmition townsl higher valies in the consumers.
Thas distribnation of R&P itake was similer to that of wise,
because more than 98 % of RE&P dctnke was due 10 wine.
The patten of wine consumption i the EPIC Europesn
cahont was described by e of al ™™ A typical high wine
commumer, and consequentdy high R&P consumer, was sn
older mam, & resident of northem Spnin, with & high edu-
cationnl Jevel, smoker, with excess weight but not chese nnd
o high energy ietake™ 5, In Spain, as in Postugal, the pattem
of akeobhol consunption i changing: the prevalence of wine
drinkers s decrensing, and younger genemtions nre shifting
from wine to beer and spiris™,

To otr knowledge, only ome case—control smdy estimatod
frans-resveminol imiake for women in the Swiss Canton of
Vaud™ . One limitstion 1o compnrison of the results is that
Lovi er al. ™ did not inchude & complete description, only
reporting teriles. On the cther hand, ey only used grapes
nnd white nod red wine, withowt taking mto account other
sorees of frans-redveratmol soch as grape jadce, other idnds
af wine, peanas, bemies, eic. Taking tmo sccount that
frans-nesvesuirol only corresponded o 21 % of the four il
beres mvestigated i the present sudy, the medisn of intake
of tnl indivichels was 31 ugid (eegid for women), and the
sources of R&EP were 29 ug/d for wine (983 %) and 0-5 uaid
for grapes (1-2% ) However, i the study by Levi ot al the
distribution 12 food sources was very different, because the
second testiles For wine and were 0:1-1768 ug'd and
T2A-1264 pgd, respectively™. This grest difference in
reswerntrol intake from grapes can be dus 10 using other
food composiven datn. Forhermere, in populntons with
other dbetary patems, the contribution of berrles ond peams
butter nany be different.

In human subjects, the proportion of nutritional resveratml
pbsorbed ranged from 16 to 25% of intake, measuared in
izine by MS techoiques™7, Piceid may be sbacrbed
irectly, a8 reported for the at suall intesting™”, andioc
hydrolysed by glycosidases before sbsomption™, contributing
o the biclogically svailable resveratrol dose. Biomarkers of
resvernorol intnke, such s urinary resvernmol metsbolites,
can be used ms an alemative to evalunte resvernirol sisns
nnd o assess relstionships between resverntrol and disease™ ™.

The use of biomarkens svoids problems associnted with an
FCDB®®. In n recent sy, resversine metabolites in urins
were used o3 o hiomarker of moderte wine consumption in
intervention and epidemiclogical smdies’™. However, nat
all epidemiclogicnl studies are sble to undertake the mensure-
maent of biomarkens due 1o 2 Inck of resources or expentise. For
this reason, estimation of resvernirol intake from distary ques-
tonmakes and records using adequate frod composition dat is
slso required™™.

RA&F have been shown 1o have heahth benefits in i virro
studies, and agninst cancer, cardbovasenlar and meurodegenora-
tive disenses. Levi e @l found o significent inverse association
between frans-resversiml and breast cancer from prapes (OR
064 and 0-5%) but not from wine™, Polyphenols 1o wine
muy play nn active mole i Hmiting the initistion atd pro-
pression of stheroscleroms™ . Localised secumulstion of
resvernirol in epithelial cells along ithe serodigestive wact,
anul poteraially active resvemirol metabolites, may also pro-
doce canbovascular effects. Moareover, resveratrol has been
cansidemed 1o be a energy manction mimetie tr vitre znd in
Jower orpanisms ned mice, because it mierscts with n vagety
of enzymes, such s wmuin, involved in regulsing stoess
nespondes and longeviey™ . So, long-term consumption
of & low concentration of polyphenol, sach a8 resveraizol, or
& synergic effect with other phenolic ar other
micromutrients in the Meditermnean diet coukl be sufficient
o ennse beneficial effects agninst these nhemtions and could
constiute npounﬁdmfmgnwaﬁun af chronic disenses
i new therspentic strutegies™ . 1t is, therefore, of interest
fo stdy the relationship between R&P ictake and the misk of
chronde disesses in an epidemiological comtext. However,
wine polyphenols eme & complex mixture of Havonoids and
non-flavonods (where resversirol would be imchaded) and
the relstive contribution of each single one or synergiste con-
wihution of them is siill unchear and forther investigation
should be considered.

Ome limiestion of the presem snudy was that the EPIC-Spuin
cohort is based on n non-representntive sample of the geneml
populstion. However, ihe rmber of volunieen was very
large, the parthcipation mie was relaively high, and the sub-
jects came from ddTerem secial backprounds and Eiffsrent
geographical areas. In addition, dw patiem of dictary istake
was very similar to that observed in populstion-based survieys
carmied out in the Spanish megions inchoded in the presem
Ay ™,

We conchude that REF end especnlly frans-piceild ooe
common components of the Mediterranean diet. Clearly,
wine s the mejor conmibutor of REP in this populstion
(=98 %) the conibution of non-grape desivatives s lower
duan (MO0 5. This is the fire anempt 10 compile the extsting

scientific dsta on the REP coment of foods. This
daisbese allowed the quantification of intnkes thed cnn be
used to investigate the mle of REP i health benefits o
incrense lifespan.
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4.2.3. Metabolits del resveratrol en orina com a biomarcador del consumo de vi en estudis

epidemiologicos: I’estudi PREDIMED.

Article 4: Zamora-Ros R, Urpi-Sarda M, Lamuela-Raventds RM, Estruch E, Martinez-Gonzalez
MA, Salas-Salvadé J, Arés F, Andres-Lacueva C. Resveratrol metabolites in urine is as biomarker

of wine intake in free-living subjects: the PREDIMED Study. En procés de revisio.
Resum:

Diversos estudis, tant clinics com epidemiologics, han mostrat els efectes cardio-saludables del
consum moderat de vi. L'estimacié del consum d’aliments o de nutrients sempre és un factor
critic en epidemiologia nutricional. Les dades dietetiques obtingudes mitjancant enquestes

alimentaries sén menys fiables que les dades aportades pels biomarcadors nutricionals.

Aquest estudi s’ha portat a terme amb 1000 participants seleccionats aleatoriament del temps
inicial de I'estudi PREDIMED, els voluntaris van ser admesos des de Octubre 2003 a Juny del
2005. La suma dels metabolits del resveratrol (TRMs) en orina de primera hora del mati van ser
analitzats per cromatografia liquida acoblada a espectrometria de masses en tandem (LC-

MS/MS) després d’una neteja mitjancant una extraccié en fase solida (Urpi-Sarda et al., 2007).

Els nivells de TRMs han estat correlacionats directament amb la quantitat diaria de vi
declarada (r=0.895; P<0.001). Usant el punt de tall de 411.38nmol/g de creatinina, els TRMs
sén capagos de discriminar entre els consumidors i els no consumidors de vi amb una

sensibilitat del 93.27% (91.53%-94.74%); i una especificitat del 92.07% (90.22%-93.67%).

Les conclusions que es poden extreure del present estudi sdn que els TRMs en |'orina del mati
acompleixen tots els criteris de valoracid d’'un marcador biologic per ser considerat un bon
biomarcador del consum de vi en grans estudis epidemioldgics. Per aquesta rad, aquest
biomarcador pot proporcionar una eina addicional per investigar les relacions entre la ingesta

de vii el seu potencial efecte en la salut.
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ABSTRACT

Background: Several clinical and epidemiological studies have shown that moderate
wine consumption may exert a protective effect against coronary heart disease.
However, the epidemiological assessment of wine consumption has usually been
obtained using self-reported questionnaires with less reliable information to assess total
intake accurately than nutritional biomarkers. A reliable biomarker for wine

consumption is, therefore, needed.

Objectives: To validate urinary resveratrol metabolites (RMs) as a biomarker of wine

consumption in a large cohort of free-living subjects.

Design: Consecutive 1000 subjects entering a substudy of the PREDIMED trial
(PREvencion con Dleta MEDiterranea) were evaluated. Data were collected in a
validated semiquantitative food frequency questionnaire and information was compiled
on drinking habits. RMs were measured in morning urine by LC-MS/MS after sample

cleanup by solid-phase extraction.

Results: 45.8% participants reported a mean daily intake of 182.1 g of wine, whereas
15.1% were non wine consumers and 39.1% reported an intermittent consumption of
wine (less than 3 glasses a week). Urinary RMs values correlated directly with reported
daily amounts of wine consumed (r = 0.895; P <0.001). Using a cut-off of 411.4 nmol/g
creatinine, urinary RMs could discriminate wine consumers from non wine consumers
and intermittent consumers with a sensitivity of 93.3% (95% confidence interval, CI

91.5-94.7%); and a specificity of 92.1% (CI 90.2-93.7%).

Conclusions: Urinary RMs fulfill criteria to be considered as nutritional biomarker of
wine consumption in a large sample of free-living subjects. This biomarker would

121



Publicaciones

provide an additional tool to investigate the relationship between wine and health

benefits more precisely.

(Word count: 249)

INTRODUCTION

Results of several epidemiological studies have supported the healthy effects of the
Mediterranean food pattern (1). Wine is one of the most representative foods of this
pattern and it has been reported that wine intake may explain why Southern European
countries have a low prevalence of coronary heart disease (CHD), despite exhibiting
relatively high prevalence of cardiovascular risk factors. For example, the French
population consumes large amounts of saturated fat, but the incidence of CHD is low,
known as the French Paradox (1;2). The exact mechanisms of the beneficial effects of
moderate wine consumption are still uncertain; part of these effects have been attributed
to ethanol itself and part to its polyphenol content. Other potential benefits attributed to
moderate wine consumption in epidemiological studies include a reduced risk of
ischemic stroke (3), hypertension (4), diabetes (5), dementia (6) and several causes of
mortality (7). However, epidemiological studies have yielded widely variable results (4-
6), probably due to the fact that it is very difficult to accurately assess dietary habits
(including alcoholic beverage consumption) and physical activity in these studies. In
other words, there are many uncertainties associated with the dietary assessment
methods currently used in epidemiological studies (8). Additionally, the appropriate use
of biomarkers in epidemiologic and clinical studies requires their validity to first be
verified in samples of free-living populations. There are several advantages of
biomarkers over self-reported dietary data, since they reflect a more objective

assessment of the nutrient intake (9-11). Therefore, for a better insight into the health
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effects of moderate wine drinking, reliable biological markers for wine intake are
needed. Furthermore, the availability of biomarkers can be used to reduce bias in the

assessment of associations between dietary habits and disease risk.(12).

Wine, especially red wine, is the richest identified dietary source of stilbenes, the most
representative of which is resveratrol. The amounts of resveratrol and piceid in red wine
are 4-fold and more than 100 fold higher than in grape and other stilbene dietary sources
(peanuts, pistachios and berries) respectively (13). In the EPIC-Spanish cohort, the most
important source of total resveratrol (sum of cis- and frans-resveratrol and piceid) was
wine (>98%), with an estimated daily stilbene intake of 933ug (13). After a recent study
in which we reported that urinary excretion of resveratrol metabolites (RMs) may be
used as a potential biomarker of wine consumption in clinical trials (14), in the current
work we assessed the feasibility of this biomarker of wine consumption from a food

frequency questionnaire (FFQ) in a large cohort of free-living subjects.

SUBJECTS AND METHODS

Subjects

The present study is a cross-sectional assessment of the first 1,000 consecutively
admitted participants recruited from October 2003 to July 2005 in a substudy of the
PREDIMED (PREvencion con Dleta MEDiterranea) Trial (www.predimed.org). This is
a large, parallel group, multicenter, controlled, randomized 5-year clinical trial designed
to evaluate the effects of the Mediterranean diet on the primary prevention of
cardiovascular disease. Full details of the study protocol have been published elsewhere

(15). The Institutional Review Board of all participant centers approved the study
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protocol, and has been registered in the Current Controlled Trials, London (ISRCTN
35739639).

Eligible participants are community-dwelling men, 55 to 80 years of age, and women,
60 to 80 years of age; with an absence of prior CHD; and the presence of type 2 diabetes
or at least three or more of the following CHD risk factors: current smoking,
hypertension (blood pressure>140/90 mmHg, or treatment with antihypertensive drugs),
LDL cholesterol >160 mg/dL (or treatment with hypolipidemic drugs), low HDL
cholesterol (<40 mg/dL), body mass index (BMI) >25 kg/m’ or family history of

premature CHD.
Dietary assessment

The baseline examination included administration of a validated 137-item FFQ (16).
Data reported included information on drinking habits, such as amount, frequency, and
type of alcohol intake. Energy and nutrients; and resveratrol and piceid intakes were
calculated from Spanish food tables (17) and compiled Spanish food composition data

(13), respectively.

Samples and analytical methods

Morning urine samples were collected from all participants. Urine samples were coded
and stored at —80°C until analyses. The clinical investigators and laboratory technicians
were blinded to clinical data. Resveratrol metabolites (RMs) in urine samples were
analyzed using liquid chromatography-tandem mass spectrometry (LC-MS/MS)
(18;19). Briefly, 1 mL of urine with the internal standard was loaded onto a previously
equilibrated Oasis HLB 96-wells SPE plate (30mg; Waters). Urinary RMs were eluted

with acidified methanol solution and ethyl acetate. After evaporation, the samples were
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reconstituted with 100 uL of the mobile phase and then analyzed in the LC (Perkin-
Elmer s200) coupled to a triple-quadrupole mass spectrometer (API 3000; Perkin-Elmer
Sciex). All results for urinary RMs were corrected for creatinine and were reported as
nanomols per gram of creatinine in the morning urine (14). Urinary creatinine was

measured by the standard Jaffe (alkaline picrate) kinetic method (20;21).

Statistical analysis

Descriptive statistics with the mean (SD) were used for the baseline characteristics of
the participants. Chi-square tests and analyses of variance (ANOVA) were used to
compare qualitative traits and means of quantitative variables, respectively, between
wine consumption groups. As urinary resveratrol data was skewed (Kolmogorov and
Levene tests), median (interquartile range) were used to describe this variable, and
comparisons between groups of wine consumption were performed using non-
parametric tests (Kruskal-Wallis and Mann-Whitney with Bonferroni adjustment).
Spearman’s rank correlation was calculated to estimate the association between urinary
RMs excretion and dietary wine intake or dietary resveratrol and piceid consumption.
Using ROC curve analysis, a cut-off point providing optimized sensitivity, specificity,
positive (PPV) and negative predictive values (NPV) for the identification of wine
consumers were calculated. All statistical test were 2-tailed, and the significance level
was P<0.05. Statistical analysis was performed using the SPSS 14.0.

RESULTS

We analyzed the baseline data of 1,000 high cardiovascular-risk participants (479 men
and 521 women, mean (SD) aged 66.6 (6.2)) (Table 1). Participants of moderate daily
wine group were significantly higher in males, current smokers, high education level

and had low chronic diseases with a similar pattern than other epidemiological studies
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(7;22;23).The mean (SD) daily alcohol intake of the evaluated subjects was 10.86
(16.33) g/day, mainly as some form of wine. 45.8% of participants were moderately
daily consumers of wine [182.1 (151.9) mL/d], 15.1% drank intermittently (less than 3
glasses a week) [12.16 (6.21) mL/d] and the remaining 39.1% did not drink any kind of
wine. Among the wine drinkers, most of them preferentially drank red wine (76.7%)
and only a few, white wine (11.9 %) and rosé¢ wine (11.4%). The participants who
reported to drink only beer and/or spirits (4.8%) were included in the group of non wine

consumers.

Total urinary RMs were calculated as the sum of individual metabolites (trans-
resveratrol-3-O-glucuronide,  cis-resveratrol-4’-O-glucuronide,  cis-resveratrol-3-O-
glucuronide, trans-resveratrol-4’-O-sulfate, trans-resveratrol-3-O-sulfate, cis-
resveratrol-4’-O-sufate and cis-resveratrol-3-O-glucuronide). The mdian (interquartile
range) urinary RMs amounts were 120.7 (205.5), 599.8 (381.3) and 1401.3 (1242.6)
nmol/g for volunteers who reported non wine, intermittent and daily wine consumption,
respectively (Fig 1). Compared with the participants classified as moderate daily wine
consumers, urinary RMs concentrations increased significantly for the intermittent wine
consumers (P<0.001) and for the non wine consumers (P<0.001). Significant
differences were also observed when intermittent and non wine consumers were
compared (P<0.001). The reported wine consumption was correlated directly with the
urinary RMs concentrations (r = 0.895; P <0.001) (Fig 2). The estimated resveratrol and
piceid consumption from FFQ was correlated directly with the urinary RMs

concentration (r = 0.890; P <0.001).

According to ROC curve analysis, the optimal cutoff point for urinary RMs was 411.38

nmol/g which allowed differentiation of non-wine consumers from wine consumers
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with an area under the ROC curve (Fig 3) of 0.983 (95% CI, 0.973-0.990), a sensitivity
0f 93.3% (CI 91.5-94.7%)), a specificity of 92.1% (CI 90.2-93.7%), a positive predictive
value (PPV) of 94.8% (CI 93.2-96.1%), and a negative predictive value (NPV) of

89.8% (CI 87.8-91.6%).

DISCUSSION

We report the first data on resveratrol as a nutritional marker of moderate wine
consumption in a large sample of free-living subjects, previously described in two
controlled clinical trials and in a small cohort (14). Spencer ef al.(11) established the
optimal criteria of potential compounds to serve as useful nutritional biomarkers: 1)
robust methodology; ii) sensitivity; ii1) specificity; iv) bioavailability, characteristics
also confirmed by van Damm and Hu (24). Since the validated LC-MS/MS
methodology carried out in this study allowed us to improve the resveratrol metabolite
profile in biological samples, parameters such as selectivity, sensitivity, recovery,
linearity, precision and stability were maximally optimized (18). Moreover, the solid
phase extraction adaptation into 96 wells and 10 min of chromatographic time allowed

us to analyze a large number of samples, essential in epidemiological studies.

Although some differences were observed between resveratrol dietary intake and
concentrations of urinary RMs in controlled, crossover and randomized clinical trials
(14), in the current study we showed that RM concentration in urine correlated
significantly with calculated resveratrol intake obtained from FFQ in large free-living
populations (r: 0-890, P< 0.001). Moreover, urinary RMs also correlated highly
significantly with reported wine consumption (r: 0-895, P< 0.001), which indicates the

usefulness of such determination as a biomarker of wine consumption.
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However, other premises should be taken into account. The best specific dietary
biomarker would only be modified by one food. Since this situation hardly ever occurs,
the major food sources of polyphenols should be analyzed. Resveratrol may be found in
red wine, but also in grape, nuts and berries. Nevertheless, the amounts of resveratrol
and piceid in red wine are 4-fold, 120-fold, 105-fold higher than in grape, peanuts or
pistachios, and berries, respectively (13). In our study, resveratrol and piceid sources
corresponded to wine (96.4%), grape (3.6%) and other foods (<0.1%). Thus, wine is the
most important dietary source of resveratrol (13). Other important limitation to assess
the specificity of a nutritional biomarker may be the wide variability in nutrient
composition of a same food. It is well-known that resveratrol content in wines may vary
up to 10-fold (25;26) due to grape variety and wine making. However other
polyphenols, well-established as good nutritional biomarkers (11), such as quercetin in
onions and lettuce, also vary 7-fold and 82-fold, respectively, due to variety, part of

plant (outer vs inner leaves) and cooking process (27).

In the current study, specificity and sensitivity were also evaluated with a ROC curve
that was used to distinguish between non-wine and wine consumers in a large free-
living population. All diagnostic parameters were higher than in our previous two
controlled clinical trials and the small cohort, probably due to the large number of
participants included in the present cohort and the different technique used to determine

RMs in urine.

Resveratrol bioavailability in humans has been investigated previously in several
clinical trials (14;18;28-34). All pharmacokinetic parameters of resveratrol have only
been studied by Boocock et al (28) and they reported that RMs remained in urine at

least 12-24h after intake. In fact, Walle et a/ still detected radioactivity in plasma at 72h
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after oral or intravenous '‘C-labeled resveratrol dose (34). On the other hand, we
observed interindividual differences, as described by other authors, for resveratrol
concentrations in urine (14;18;30;34), plasma (31;33) and low-density lipoproteins (19).
However, the large number of participants included in the cohort studied allows us to

extrapolate the results to other similar free-living populations.

Blood and spot urine are more useful than urine 24-h urine for large epidemiological
studies. Although excretion of flavonoids in 24-h urine showed better correlation
coefficients than data obtained in morning urine (r=0.86 versus r=0.56) as a biomarker
of fruit and vegetables (35), the Spearman’s rank correlation obtained in the current
study between reported wine consumption and morning urinary resveratrol was as high
(r=0.895), permitting us to propose the general use of the of RMs determination in
morning urine as a biomarker of wine consumption. Furthermore, Mennen et al.
reported that concentrations of several polyphenols in spot urine correlated with those
obtained in 24-h urine (36). Other accepted food intake biomarkers, such as overnight
urinary isoflavones for soy intake (r=0.52) (37); 4-O-methylgallic acid in urine 24h
(r=0.5 and 0.57) for usual and current tea intake, respectively; and isoferulic acid in
urine 24h (r=0.18 and 0.26) for current and usual coffee intake, respectively (38), have
shown lower correlation coefficients. In plasma, some nutritional biomarkers were also
positively evaluated, such as alkylresorcinols as markers of whole grain wheat and rye

intake (r= 0.58) (39).

In conclusion, our data support the use of RMs in morning urine as a specific and
accurate biomarker of moderate wine consumption in a large free-living population.
This biomarker would constitute an additional tool to investigate the relationship

between wine consumption and health benefits more precisely.
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TABLE 1. Baseline characteristics of the 1000 participants examined.

Non wine Intermittent Daily wine
Characteristic consumers  wine consumers —consumers P
(n=391) (n=151) (n=458)
Mean (SD) age, y 68.1 (6.1) 66.1 (6.2) 65.5(5.9) <0.001
Men, n (%) 170 (43.8) 72 (47.7) 238 (52.0) 0.014
Mean (SD) BMI, kg/m’ 29.6 (3.5) 29.2(3.4) 29.1 (3.0) 0.152
Current smokers, n (%) 34 (8.7) 22 (14.6) 103 (22.5) <0.001
Type 2 diabetes 214 (54.7) 64 (42.4) 192 (39.7)  <0.001
mellitus,n(%)
Hypertension, n (%) 318 (81.3) 124 (82.1) 349 (76.2)  0.069
Dyslipidemia, n (%) 237 (60.6) 97 (64.2) 280 (61.1) 0914
Education level, n (%)
Primary school 353 (90.2) 108 (71.5) 308 (67.2) <0.001
First-degree high school 28(7.2) 29 (19.2) 90 (19.7)  <0.001
High school or university 10 (2.6) 14 (9.3) 60 (13.1)  <0.001
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FIGURE LEGENDS
FIGURE 1. Box plots of urinary resveratrol metabolite concentrations among non-wine
consumers (n=391), intermittent wine consumers (n=151), and moderate daily wine

consumers (n=458).

FIGURE 2. A. Relation between reported wine consumption and morning urinary
resveratrol metabolites concentration (r=0.895; P<0.001) in 1000 participants of the
PREDIMED Study. B. Relation between reported dietary resveratrol and morning
urinary resveratrol metabolites concentration (r=0.890; P<0.001) in 1000 participants of

the PREDIMED Study.

FIGURE 3. ROC curve of urine resveratrol metabolites for discrimination of wine

consumers from non wine consumers in the PREDIMED Study.
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4.2.4. Prevencio de la sobrecarrega antioxidant per mecanismes d’homeostasi endogens de

la xarxa plasmatica redox. Estudi PREDIMED.

Article 4: Serafini M, Zamora-Ros R, Lamuela-Raventdés RM, Estruch E, Miguel Angel Martinez-
Gonzélez; Covas, MI, Miguel Fiol, José Lapetra y Andres-Lacueva C. Antioxidant overloading is

prevented by endogenous tuning mechanism of plasma redox network. En procés de revisid.

Resum:

La xarxa antioxidant de I’organisme permet una eficient i completa proteccié contra I'atac
produit per les especies reactives de I'oxigen i del nitrogen. A pesar de |'elevada complexitat i
eficacia de la homeostasi redox endogena, aquesta ha de ser complementada amb I'aportacid
d’antioxidants provinents de la dieta per optimitzar la estratégia de defensa. Diversos estudis
de consumo agut d’aliments rics en antioxidants han demostrat la capacitat de la dieta de
modular la capacitat antioxidant total (TAC). Tot i que diversos meta-analisis apareguts
recentment han suggerit uns efectes negatius de la suplementacié amb antioxidants a dosis
farmacologiques en malaltia cardiovascular i mortalitat total. La gran variabilitat en la
biodisponibilitat dels antioxidants i I'existéncia de mecanismes reguladors homeostatics poden
afectar la capacitat dels antioxidants exogens de modular les defenses antioxidants in vivo. Aixi
la hipotesi del present estudi ha estat mostrar si I'estat antioxidant esta modulat per

mecanismes de regulacié endogens dissenyats per evitar la sobrecarrega redox.

Aquest estudi s’ha portat a terme amb 569 participants seleccionats aleatoriament de I'estudi
PREDIMED, els voluntaris van ser admesos des de Octubre del 2003 a Juny del 2005. Els
participants seleccionats van ser assignats aleatoriament a les tres intervencions de I'estudi
Predimed: dieta mediterrania suplementada amb oli d’oliva verge (n=195), dieta mediterrania
suplementada amb fruits secs (n=190) i finalment a la dieta control, baixa en greix (n=184). Als
participants se’ls va analitzar la TAC del plasma en el temps inicial i en el seguiment a I'any

mitjancant els assaigs del FRAP i del TRAP.

S’han observat increments positius significatius en els nivells plasmatics de FRAP [72.0umol/L
(95% IC, 34.2-109.2; P<0.001) i de TRAP, 45.0 (0.9-89.1; P=0.046) després d’un any

d’intervencié dietetica amb dieta mediterrania suplementada amb fruits secs. També s’han
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observat augments significatius després d’un any de seguiment de dieta mediterrania
suplementada amb oli d’oliva verge en els nivells de FRAP 48.9umol/L (24.3-73.5; P<0.001) i
quasi significatius en els de TRAP, 36.4 (-4.3-63.0; P<0.08). No obstant no s’han observat
diferencies significatives en el grup control. Els nivells de TRAP i FRAP inicial han estat
correlacionats directament amb els deltes d’increment, la diferéncia entre els nivells de I'any i
els bassals, de TRAP i FRAP (r>0.365; P<0.001) en els dos grups de dieta mediterrania. En
conseqliéncia els increments en els deltes de TRAP i FRAP sdn majors en el quartil 1 inicial que
en quartils superiors, fins i tot en el quartil 4 els nivells es redueixen després d’un any
d’intervencié. A més s’ha observat una associacio inversa entre els nivells plasmatics de FRAP
inicials i els de glucosa ajustada (B coefficient=-0.027; P=0.012). Alts nivells de glucémia poden
induir I'autooxidaciod de la glucosa, la glucosidacié de proteines i I'activacié del metabolisme
dels poliols. Aquests canvis poden accelerar la generacié d’espeécies reactives de I'oxigen i del

nitrogen augmentant I'estrés oxidatiu.

Les conclusions que es poden extreure del present estudi sén que apareixen evidéncies de la
existencia de mecanismes moduladors de la xarxa antioxidant plasmatica que mantenen una
homeostasi de forma dinamica optimzant la disponibilitat dels antioxidants. Augmentar el
coneixement sobre els mecanismes reguladors i les necessitats de I'organisme en antioxidants

és necessari per optimitzar les estrategies de prevencié contra I'estres oxidatiu.
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Antioxidant overloading is prevented by endogenous tuning mechanism of plasma

redox network.

Mauro Seraﬁni]*, Raul Zamora-Ros®", Rosa M. Lamuela-Raventés,” Ramon Estruch’”,
Miguel Angel Martinez-Gonzdlez’, Montserrat Fité®, Miguel Fiol *’, José Lapetra®®
and Cristina Andres-Lacueva®™

' Antioxidant Research Laboratory at the Unit of Human Nutrition, National Institute for
Food and Nutrition Research, Rome, Italy; *Nutrition and Food Science Department-
XaRTA INSA, Pharmacy School, University of Barcelona, Barcelona, Spain and
Ingenio-CONSOLIDER program, FUN-C-FOOD; ‘Internal Medicine Department,
Hospital Clinic. Institut d’Investigaci6 Biomeédica August Pi 1 Sunyer (IDIBAPS),
University of Barcelona, Barcelona, Spain; *‘CIBER 03/06 Fisiopatologia de la
Obesidad y la Nutricion, Instituto de Salud Carlos III, Spain; *Department of Preventive
Medicine and Public Health, School of Medicine, University of Navarra, Pamplona,
Spain; ®Lipids and Cardiovascular Epidemiology Unit, Institut Municipal d Investigacié
Médica (IMIM), Barcelona, Spain; 'Departement of Cardiology, Hospital Son Dureta,
Palma de Mallorca, Spain; 83an Pablo Health Center, Sevilla, Spain. *Both authors
equally contributed to this research.

*Correspondence to: Department of Nutrition and Food Science, Pharmacy School,
University of Barcelona, Av/Joan XXIII s/n. 08028, Barcelona, Spain; phone 34-93-
403-48-40, fax 34-93-403-59-31, e-mail candres@ub.edu

ABSTRACT (70 words)

Scientific literature has recently suggested harmful effect of antioxidant
supplementation in human. We show the existence of mechanisms of regulation of
antioxidant plasma network aimed to reach a physiological homeostasis. Reduction of
antioxidant levels in subjects in the highest quartile of plasma antioxidant capacity,
suggest the need of the body to avoid antioxidants overloading. These findings are of
practical relevance for optimizing strategies of antioxidant supplementation for
oxidative stress prevention.
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BRIEF COMMUNICATION (1000 words)

The antioxidant network of the body, due to its wide range of redox potential and
localization, allow a complete and efficient protection against attack driven by Reactive
Oxygen Nitrogen Species (RONS). However, despite its high grade of complexity and
efficiency, there is the need to optimize defense strategies against RONS with dietary
antioxidants. Different studies have shown the ability of diet to modulate plasma Total
Antioxidant Capacity (TAC) following acute consumption of plant foods in humans'™.
In addition, large cohort studies has shown that greater adherence to Mediterranean diet
is associated with elevated TAC levels*’. However, conclusion from randomized,
placebo-controlled intervention studies, using galenic antioxidants supplements, have
been mainly discouraging with some unexpected results where an enhancement of
disease risk was observed”®. Moreover recent meta-analyses have suggested a negative
effect of galenic antioxidant supplementation on overall mortality’ as well as on
cardiovascular diseases'’ and cancer''. Physiological diversity in the absorption and
disposal of antioxidants and the existence of homeostatic mechanisms of regulation
might affect the ability of exogenous antioxidants to modulate antioxidant defenses in
vivo'?. The possibility that, antioxidant status is regulated by endogenous mechanism of
control designed to avoid redox overloading, is our working hypothesis. We analyzed
the baseline and one year follow-up data of 569 high cardiovascular-risk randomly
selected participants (279 men and 290 women, mean (SD) aged 65.1 (9.7), recruited
from October 2003 to July 2005 in a substudy of the PREDIMED (PREvencion con
Dleta MEDiterranea) Trial (Www.predimed.org)B. This is a large, parallel group,
multicenter, controlled, randomized 4-year clinical trial designed to evaluate the effects
of the Mediterranean diet on the primary prevention of cardiovascular disease. The

study protocol was approved by the Institutional Review Board of all participant
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centers, and it has been registered in the Current Controlled Trials, London (ISRCTN
35739639). Participants were assigned to 3 interventions: Mediterranean diet with
virgin olive oil, 1 liter per week (n=195); Mediterranean diet with mixed nuts, 30 g/d

(n=190); or low-fat diet (n=184).

Plasma TAC was analyzed through the assessment of the Ferric Reducing Antioxidant
Potential (FRAP assay)'* and the Total Radical-trapping Antioxidant Parameter (TRAP
assay)"’ indicator of the ability of plasma to reduce iron and to scavenge peroxyl
radicals, respectively. Plasma glucose was measured using standard enzymatic
automated method (ABX-Horiba Diagnostics, Montpellier, France). Plasma levels of
FRAP [mean difference, 72.0umol/L(95% CI, 34.2-109.9);P<0.001;Fig.1a] and TRAP
[45.0umol/L(0.9-89.1);P= 0.046;Figla]) increased significantly after one year of
Mediterranean diet intervention supplemented with the nuts mixture. Mediterranean diet
with olive oil supplementation raised significantly FRAP [48.9umol/L(24.3-
73.5);P<0.001] and close to significance TRAP [30.36pumol/L(-4.3-63.0);P<0.08])
levels. No changes were observed in the control group (Figure 1a). However, the effect
of supplementation differed significantly on the basis of starting quartile of plasma TAC
levels. People in the lowest quartile showed a significant increase of TRAP level
[186.7umol/L (121.8-251.7); P<0.001; Fig. 1b and 152.0pmol/L (71.0-233.0); P=0.001;
Fig 1c] in the olive oil and nuts groups, respectively, whereas a lack of effect was
observed in people at the second and third quartile for both supplements. On the
contrary, people in the highest quartile display a decrease of plasma TRAP levels [-
139.9umol/L(-209.6 to -70.2);P<0.001;Fig.1b] in the olive oil group and a lack of
changes in the nuts group [-77.5umol/L (-172.6. to 17.5);P=0.105;Figlb]. People at

lowest, 2" and 3™ quartile (nuts only) increased further, but at different degree, FRAP
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levels (micromolar increase for first quartile [114.9umol/L(70.0-159.9);P<0.001 and
132.4pumol/L(75.9-189.0);P<0.001]; for 2 quartile[77.2umol/L(30.5-123.8);P=0.002
and 88.2umol/L(38.5-137.9);P=0.001]; for third quartile [30.1umol/L(-11.5-
71.8);P=0.152 and 89.6umol/L(2.3-176.9);P=0.045] respectively for olive oil and nuts
Fig. 1b and 1c¢). No increase was observed for people at highest quartile of FRAP levels.
Significant Pearson correlations (All r >0.365; All P<0.001) have been observed
between baseline levels and delta of increase of plasma TRAP and FRAP in both

supplemented groups (Figure 2a and 2b).

A significant inverse association (B coefficient=-0.027; P=0.012) has been observed
between glucose and TAC levels in our subjects by multiple linear regression model
adjusted by age, sex, body weight and drugs. Interestingly, stratification in quartiles of
plasma FRAP revealed higher levels of glucose concentration for people in the lowest
quartile of TAC (Fig. 2¢). High glucose level can induce the autoxidation of glucose,
glycation of proteins, and the activation of polyol metabolism. These changes accelerate
generation of RONS and increases oxidative chemical modification of bio-molecules'.
This pro-oxidant action of glucose might be at the basis of the inverse association with

plasma TAC, despite further evidences are needed to substantiate our finding.

For the first time, we provide evidences on the existence of tuning mechanisms of
plasma antioxidant network to maintain a dynamic homeostasis and to optimize
antioxidant absorption. The mechanisms through physiological levels are reached is still
unclear, and it might involve dietary as well as endogenous antioxidant. Our results
suggest an efficiency of antioxidant supplementation based on the specific requirement
of the body for antioxidant equivalents. Indirect evidences to our findings came from

the SUVIMAX (Supplémentation en Vitamines et en Minéraux Antioxydants) study,
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where a cocktail of antioxidants and minerals was used at nutritional dosages for 8
years, supplementation was effective only in men, characterized by lower levels of -
carotene and vitamin E respect to women, reducing cancer incidence of about 30%'". It
is possible that, antioxidant supplementation might be inefficient in subjects with
plasma levels of TAC within physiological ranges. The clear reduction of TAC levels in
subjects in the highest quartile, suggest the necessity of the body to trigger constraint
mechanisms avoiding an antioxidants overcapacity in subjects with plasma levels
already within the “physiological ranges”. The possibility that, chronic antioxidant
supplementation at doses far high respect to the physiological need of the body, can
overwhelm the mechanism of antioxidant control is feasible and should be considered in
designing intervention studies. A better understanding of the mechanism regulating the
requirement of the body for antioxidants is needed in order to manage antioxidant

overloading optimizing strategies for oxidative stress prevention.
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FIGURE CAPTIONS

Figure 1. Effects on TAC assessed as TRAP and FRAP after one year of Mediterranean
dietary treatment supplemented with nuts or virgin olive oil. A, Mean changes from
baseline in TRAP and FRAP after 1 year of Mediterranean diet supplemented with nuts,
Mediterranean diet supplemented with virgin olive oil or low-fat diet. Values are means
and 95% CI. Asterisks indicate differences from baseline (t-test): *P<0.05; **P<0.01;
*#%P<0.001. B, Means of TRAP at base line and after one year of Mediterranean diet
supplemented with virgin olive oil by quartile of plasma TRAP levels. Asterisks
indicate differences from baseline (t-test): *P<0.05; **P<0.01; ***P<0.001. C, Means
of FRAP at base line and after one year of Mediterranean diet supplemented with nuts
by quartile of plasma FRAP levels. Asterisks indicate differences from baseline (t-test):

*P<0.05; **P<0.01; ***P<0.001.

Figure 2. A, Relation between umol/L of TRAP at baseline and pmol/L of ATRAP
(differences from base line) after 1 year of Mediterranean diet supplemented with virgin
olive oil (green marks, r=0.585;P<0.001) and Mediterranean diet supplemented with
nuts (blue marks, =0.442;P<0.001). B, Relation between umol/L of FRAP at baseline

and pumol/L of AFRAP (differences from baseline) after 1 year of Mediterranean diet
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supplemented with olive oil (green marks, r=0.366;P<0.001) and Mediterranean diet

supplemented with nuts (blue marks, r=0.396;P<0.001).

Means of TAC (TRAP and FRAP) at base line and after one year of Mediterranean diet
supplemented with virgin olive oil by quartile of plasma TAC levels. C, Mean (SD;
error bars) of adjusted blood glucose by FRAP quartile at baseline. The values were
adjusted by using a multiple linear regression approach. The model was adjusted by age,
gender, body weight and drugs. Significant differences: *,P=0.022; **P=0.001;

*#%P<0.001 for difference from values for quartile 1.
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5. RESULTATS GLOBALS/DISCUSSIO GENERAL

El treball realitza en aquesta tesi doctoral ha permes identificar un marcador nutricional del

consum moderat de vi tant en estudis clinics controlats com en estudis epidemiologics . Per

ésser considerat un bon biomarcador, aquest ha de acomplir els requisits revisats i proposats

per Spencer et al.(Spencer et al., 2008), I'assegurar-se de I'acompliment d’aquests criteris és

part fonamental dintre d’aquesta memoria i estan breument resumits també en la carta

d’opinid.

1) Metodologia robusta. La metodologia proposada per a la determinacio del resveratrol i

dels seus metabolits en orina consisteix en una extraccid en fase solida seguida per un
analisi en cromatografia liquida acoblada a un espectrometre de masses en tandem.
Aguesta tecnica ha estat validada i publicada (Urpi-Sarda et al., 2005;Urpi-Sarda et al.,
2007) com una técnica molt adequada per I'analisi de mostres biologiques, les quals,
intrinsecament presenten moltes interferencies i baixes concentracions de I'analit
d’interés. També s’ha millorat la metodologia per poder ser utilitzada en estudis

epidemioldgics amb un elevat nombre de mostres.

2) Sensibilitat. El nostre biomarcador s’ha comprovat que reflexa correctament els canvis

3)

d’ingesta. En l'article 1 es pot comprovar que en els estudis clinics controlats després
de les diferents dosis creixents de resveratrol (cava, vi blanc, vi negre) s’aprecien
diferéncies en la mesura del biomarcador. En I'estudi PREDIMED la mesura per valorar
la sensibilitat és la bona correlacid dosi-resposta, en I'article 1 amb 52 voluntaris
s’obté un coeficient de correlacié de 0.654 (P<0.001), en canvio quan s’avaluen 1000
participants el coeficiente augmenta fins el 0.895(P<0.001),possiblement degut a

I"augment en la potencia de la mostra.

Especificitat. Un biomarcador nutricional Unicament s’hauria de modificar amb la
ingesta d’un sol aliment o grup d’aliments d’interés. No obstant actualment aixo és
practicament impossible. En el nostre cas el resveratrol s’ha comprovat, en el article 3,
que la font dietetica més important és el vi (98.4%). A més a més les concentracions de
resveratrol en altres aliments (cacauets, festucs, fruites del bosc) sdn molt baixes en

comparacié amb les descrites al raim i als productes derivats del raim.

La sensibilitat i I'especifitat també han estat valorades en els articles 1 i 4 mitjancant la

determinacid de les proves diagnostiques. La corba ROC, ens proporciona el punt de
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tall optim per distingir entre els consumidors i els no consumidors de vi. El punt de tall
de 90nmol de resveratrol/g creatinina obtingut en I'article 1 és menor que I'obtingut
en l'article 4 (411.490nmol de resveratrol/g creatinina), perqué en aquest ultim es
consideren més metabolits (els sulfats de resveratrol) respecte el primer article, degut
a les millores analitiques introduides. Els parametres de sensibilitat, especifitat i valors
predictius sén superiors en l'article 4, ja que s’ha incrementat el nombre d’individus

valorats.

Biodisponibilitat. El coneixement dels parametres farmacocinetics és de gran
importancia per saber en quina forma i en quina quantitat el compost s’absorbeix, se
metabolitza, se distribueix i s’excreta (Boocock et al., 2007). Els temps de vida mitjana
son també importants per determinar de quants dies ens aporta informacio el
biomarcador, consum puntual i actual o un consum més habitual. En els estudis
epidemiologics s’observa que el biomarcador és util fins i tot en els bevedors de vi

ocasionals o intermitents (1-2 copes de vi a la setmana).

S’ha comprovat que els metabolits de resveratrol en orina acompleixen amb tots els

requisits exposats anteriorment, per tant podem concloure que la suma de metabolits de

resveratrol en orina de primera hora del mati és un bon biomarcador del consum de vi.

Aquest biomarcador ens és molt util per avaluar el consum de vi en estudis tant clinics com

epidemiologics, aixi com en els estudis clinics comprovar I'acompliment de la intervencié

(ingesta de cava) article 2.
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6. CONCLUSIONS

. S’ha determinat els metabolits del resveratrol en orina després de la ingesta regular
de cava, vi blanc o negre en assaigs clinics controlats, aixi com després del consum de

vi diari 0 ocasional en una poblacié no controlada (free living).

. S’ha demostrat la capacitat d’aquests metabolitos per discriminar entre consumidors
i no consumidors de vi, amb uns adequats parametres de sensibilitat, especificitat i

valors predictius tant positius com negatius calculats mitjancant la corba ROC.

° Ss’ha envidenciat una bona correlacié entre la ingesta de vi i la concentracid en orina
dels metabolits del resveratrol. Per aquests motius podem afirmar que la suma de

metabolits del resveratrol és un biomarcador util del consum moderat de vi.

. S’ha compilat una completa taula de composicid dels aliments en resveratrol i piceid

(formes cis i trans) amb 160 items, agrupats en 18 aliments genérics.

° S’ha comprobat, per primera vegada, que en una poblacié adulta espanyola (cohort
EPIC-Espanya) que 'aport dietétic de resveratrol és de 100 pg/dia (mediana) i de 933
ug/dia (mitjana), els quals provenen majoritariament de la ingesta de vi (98.4%) i en
menor proporcio del raim i most, aproximadament un 1.6%. Finalment el percentatge
degut a altres fonts alimentaries com els cacauets, festucs i fruites del bosc és inferior
al 0.01%. També cal destacar que dels 4 estilbens avaluats el més abundant en la dieta
és el trans-piceid (53.6%), seguit pel trans-resveratrol (20.9%), cis-piceid (19.3%) i cis-

resveratrol (6.2%).

. La capacitat antioxidant total de I'organismo posterior al consumo d’una dieta
suplementada amb antioxidants es troba modulada per l'estat redox inicial de
I'individu, amb la finalitat d’evitar una sobrecarrega d’antioxidantes. La importancia
d’aquesta conclusio radica en la seva potencial aplicacié practica a I’hora d’optimitzar

estrategies de suplementacié amb antioxidants per la prevencio de | ‘estrés oxidatiu.
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8. ANNEX
En aquest annex s’inclou una publicacid, no inclosa com a treball de tesi doctoral, pero en la

que també s’ha col-laborat.

8.1. Métode de LC-MS/MS per caracteritzar el metabolisme del resveratrol en humans.

Article 5: Urpi-Sarda M, Zamora-Ros R, Lamuela-Raventés RM, Cherubini A, Jauregui O, De la
Torre R, Covas MI, Estruch R, Jaeger W, Andres-Lacueva C. HPLC-tandem mass spectrometric
method to characterize resveratrol metabolism in humans. Clinical Chemistry. 2007; 53

(2):292-9.
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Automation and
Analytical Techniques

HPLC—Tandem Mass Spectrometric Method to
Characterize Resveratrol Metabolism in Humans

MiREIA URPI-SARDA,' RAUL ZaMoRA-Ros,! Rosa LAMUELA-RAVENTOS, !
ANToNTOo CHERUBINT,> OLGA JaUuREGUI,® RaFarL DE LA Torrr,* Maria Isasrr Covas,®
RaMON EsTRUCH,” WALTER JAEGER,” and CRrIsTINA ANDRES-LACUEVAY

Background: Nutritional biomarkers are alternatives to
traditional dietary assessment tools. We sought to de-
velop a method for nutritional analysis of resveratrol, a
phenolic compound with purported health-promoting
properties, and to determine all resveratrol metabolites.
Methods: We obtained LDL and urine samples from 11
healthy male volunteers who had consumed 250 mL of
Merlot red wine. We measured resveratrol and its me-
tabolites with 96-well solid-phase extraction plates cou-
pled with HPLC-tandem mass spectrometry. Hexestrol
was used as the internal standard. Gradient chromatog-
raphy in multiple reaction monitoring mode was per-
formed on a Luna C, column, maintained at 40 °C; m/=
transitions were as follows: resveratrol, 227/185; resvera-
trol glucosides, 389/227; resveratrol glucuronides, 403/
227: resveratrol sulfates, 307/227; taxifolin, 303/285; and
hexestrol, 269/134.

Results: Standard calibration curves were linear at 4.4-
3289.5 nmol/L. Residual analyses were 100% (3.2) for
trans-resveratrol and 100% (11.1) for frans-piceid. In
both matrices, imprecision (CV) was <10.8% at all
concentrations. Detection limits for resveratrol were 0.2
nmol/L (LDL), 0.3 nmol/L (synthetic urine), and 4.0
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nmol/L (blank urine). Resveratrol and metabolites were
checked for stability, and no degradation was observed.
Conclusions: The HPLC-tandem mass spectrometry
method enabled us to identify resveratrol sulfates in
human LDL and to characterize the complete profile of
resveratrol metabolism in human LDL and urine. This
method provides an accurate index of exposure to res-
veratrol and its metabolites, which can be used as
nutritional biomarkers for evaluating the biological
effects of moderate wine intake on human health.

© 2007 American Association for Clinical Chemistey

Resveratrol is a phenolic compound that has been linked
to the beneficial effects of red wine (1) (Fig. 1), which have
been proposed to be mimetic of caloric restriction in
mammals (2). In red wine, resveratrol occurs predomi
nantly as its glucose derivative, piceid. Several in vitro
studies have demonstrated that resveratrol acts as an
antioxidant (3), reduces the synthesis of proatheroscle-
rotic substances (4), is a potential cancer preventative (5),
and acts as a neuroprotector (6). Few authors, however,
have studied resveratrol metabolism in humans. As with
many polyphenols, resveratrol is reasonably well ab
sorbed but has low bicavailability (7). Therefore, the
health benefits attributed to the ingestion of resveratrol
are most likely related to biologically active metabolites.
In vivo characterization of resveratrol's metabolic profile
may reveal which metabolites act as signaling molecules
within tissues (6) or reach target organs and account for
the health benefits of resveratrol (8).

Nutritional biomarkers of nutrient exposure may be
useful alternatives to traditional dietary assessment tools
but require a clear understanding of the metabolism of the
specific phytochemical. The metabolism of resveratrol has
been partially characterized (9-13). After resveratrol in
gestion, the main metabolites found in biological fluids
are glucuronide and sulfate conjugates (9-12 ). Resvera
trol glucuronide was reported to be a nutritional biomar-
ker of wine consumption (13), but underestimation of
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Fg. 1. Structure of transresveratrol (A} and cistesveratrol (8).

OH

sulfate conjugates due to poor chromategraphic behavier
has limited the analytical methods used for the analysis of
resveratrol metabolites (9-13). Other drawbacks included
rather laboricus sample preparation (14-16), long total
analysis time (9-20), and the use of enzymatic hydrolysis
that precluded direct detection of conjugates (14, 18, 20).
We describe an HPLC—tandem mass spectrometry
(HPLC-MS/MS) method to characterize the metabolic
profile of resveratrol in human urine and LDL after
sample clean-up with solid-phase extraction (SPE).

Materials and Methods

STANDARDS AND REAGENTS

All samples and standards were handled with no exposure
to light. Standards of frans-resveratrol (9% purity), trans-
34' 5-trihydroxystilbene-3-3-p-glucopyrancside  (frais-piceid)
(97% purity), diethylstilbestrol (=99% purity), diethylstilbes-
trol dipropionate, dienestrol, hexestrol (=98% purity), and
human blank LDL were purchased from Sigma-Aldrich.
Trismethoxy resveratrol (=98% purity) was purchased
from Cayman Chemical, diethylstilbestrol-dé from RIVM,
taxifolin (=90% purity) from Extrasynthese, and creatinine
from Fluka.

Methanol, acetone, and acetonitrile of HPLC grade
were purchased from SDS. Glacial acetic acid, ethyl ace-
tate, and ¢-phosphoric acid were purchased from Panreac.
Ultrapure water (MilliQQ) was obtained from Millipore.
Synthetic urine was prepared as previously described
21)

We purified standard resveratrol metabolites from
the livers of male Wistar rats raised at the Institut fiir
Versuchstierzucht und-haltung (University of Vienna).
Ethics Review Board approval was obtained for the ani-
mal studies. The animals were humanely treated. The

1 Nonstandard abbreviations: MS/MS, tandem mass spectremetry; SPE,
solid-phass extraction; LC, liquid chromatography; MS, mass specirometry;
MEM, multple reaction monitoring; DP, declustering potential,

livers were perfused with 20 umol/L of frans-resveratrol
in a recirculating system as previously described (22).
We purified resveratrol metabolites from multiple bile
samples collected over a time period of 60 min. After
collection the samples were pooled and lyophilized.
Chemical structures were confirmed by nuclear magnetic
resonance (10).

STUDY DESIGN AND SAMPLES

We obtained human LDL samples from 11 healthy male
volunteers (ages 18-50) before and 24 h after the con-
sumption of 250 mL of Merlot red wine (10). All volun-
teers were considered healthy based on the results of
physical examination and standard biochemical and he-
matclegical tests. The study was performed in accordance
with the Helsinki Declaration of 1975, as revised in 1996.
The Ethics Committee of cur institution (Comité Btico de
Investigacién Clinica-Institut Municipal d'Investigacic
Meédica) approved the protecol, and all the participants
provided signed infermed consent. Exercise was moni-
tored with the Minnesota Leisure Time Physical Activity
Questionnaire (23).

Before administration, the volunteers followed a 10-
day washout period in which they consumed a controlled
diet from days 1 to 7, avoiding excess intake of antioxi-
dants. During the immediate 2 days before and on the
intervention day, the velunteers consumed a standard-
ized low phenoclic compound diet On the intervention
day they drank a single dese of 250 mL of red wine. We
collected EDTA hlood at baseline and at 24 h after wine
consumption. LDL was isolated by sequential flotation
ultracentrifugation (24). We immediately froze all LDL
samples at —80 °C, with thawing immediately before
analysis. Protein content was determined with the red
pirogalol method (Sigma-Aldrich).

We obtained urine samples from 5 healthy male val-
unteers (ages 25-28 years). The study design and condi-
tions were similar to those of Meng et al. (8), with the
exception that urine was collected at baseline and during
the 4 h after wine censumption. Urine creatinine was
measured by a colerimetric assay using picric acid (25).

We used the same red wine in both studies and analyzed
resveratrol by HPLC (26). The mean (SD) amount of total
resveratrol consumed was 5.4 (0.4) mg, correspending to
2.6 (0.0) mg of trans-piceid, 2.0 (0.2) mg of cis-piceid, 0.4
(0.1) mg of irans-resveratrol, and 0.4 (0.1) mg of cis-
resveratrol.

SAMPLE EXTRACTION

LDL (1 mL) was treated with 20 uL. of o-phesphoric acid
(650 mL/L) and vortex-mixed. Urine was centrifuged at
10000g at 4 °C for 3 min and then vortex-mix mixed after
addition of 20 yl, of the hexestrol as internal standard
(92.6 umol/L) to 1 mL of sample. Samples were then
loaded onto a Waters Qasis® HLB 96-well SPE plate (30
mg) that had been precenditioned with 1 mL of methanol
and equilibrated with 1 mL of 2 mol/L acetic acid in
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water. The plate was washed with 1 mL of 2 mol /L acetic
acid in water and 1 mL of 2 mol/L acetic add in
water/methanol (85/15 v/v). Elution was achieved with
0.5 mL of lmol/L acetic acid in methanol and 2 % 075 ml
of 1 mol/L acetic acid in ethyl acetate. The eluate was
evaporated to dryness. We reconstituted the residue with
100 wl. of taxifolin (164 pmol/L) dissolved n mobile
phase as an additional the extemal standard.

HPLC-MS/MS ANALYSES
We performed liquid chromatography (LC) analyses us-
ing a Perkin-Elmer series 200 system equipped with a
quaternary pump and a refrigerated plate autosampler.
An Applied Biesystems API 3000 triple quadrupole mass
spectrometer, equipped with a Turbo lonSpray source
ionizing in the negative mode, was used to obtain the
mass spectrometry (MS) and MS/MS data. A Phenome-
nex Luna Cyg column, 50 > 2.0 mm i.d., 3 gm, maintained
at 40 °C, was used for chromatographic separation. The
injection volume was 15 uL, and the flow rate was 550
gL/ min. Gradient elution was carried out with 0.5 mL/L
acetic acid as mobile phase A and 700 mL/L acetone, 300
mL/L acetonitrile with 0.4 mL/L acetic acid as mobile
phase B. We applied a linear gradient profile with the
following proportions (v/v) of phase B [t{min), %B]: (0,
15), (1, 15), (1.5, 40), (2.5, 100), (4.5, 100), (4.8, 15), (10, 15).
The column was reequilibrated for 6 min. The MS and
MS/MS parameters were as previously described (10).
The identification of metabolites in biological samples
was based on 3 indicators (10,27): (a) comparison of
retention time of available standard, (b) multiple reaction
monitoring (MRM) of metabolite and resveratrol transi-
tions [with higher declustering potential {DT) in collision-
induced dissociation MS8/MS conditions], or (¢) product
ion spectra. For MS/MS, a product ion scan was used ata
cycle time of 2 s. The product ion spectra of metabolites
showed the deprotonated molecule {m/z 403 or m/z 307,
respectively) and the ion corresponding to resveratrol
{m/z 227) through the neutral loss of the glucuronide or
sulfate unit (=176 n or —80 u, respectively) from the
glucuronide or sulfate. MRM mode was used with a dwell
time of 200 ms, monitoring & transitions for each analysis:
resveratrol (227/185), resveratrol glucosides (389/227),
resveratrol glucuronides (103/227), resveratrol sulfates
(307/227), taxifolin (303/285), and hexestrol (269/134).
The concentrations of resveratrol metabolites were ex-
pressed as lrans-resveratrol equivalents (10, 20).

EVALUATION OF INTERNAL STANDARDS

Several compounds, structurally similar to resveratrol,
were evaluated as possible internal standards. MRM
transitions were 267/237 for diethylstilbestrol, 273/254
for diethylstilbestrol-dé, 269/134 for hexestrol, and
265/93 for dienestrol. Trismethoxy resveratrol and diethyl-
stilbestrol dipropionate were not ionizable in negative
mode.

ASSAY VALIDATION

We assessed endogenous interference by analyzing blank
human LDL, synthetic urine, and blank urine samples
(n = 5) collected from volunteers after the washout
period. Recovery and linearity were investigated by add-
ing huns-resveratrol and Fans-piceid, at 10 concentra-
tions, to blank urine (Table 1). The limit of detection was
defined as the concentration of analyte that produced a
signal-to-noise ratio of 3. The lowest standard on the
calibration curve was accepted as the limit of quantifica-
tion (28). Within- and between-day imprecision and re-
covery were evaluated with use of 10 different concentra-
tions of resveratrol and piceid (n = 3) over a 10-day
period. We evaluated stability during the analytical pro-
cess, after freeze and thaw cvcles, and after short-term
and long-term storage. Control materials with resveratrol
concentrations of 219.3 nmol/L and 2193.0 nmol/L, and
piceid concentrations of 140.8 nmol/L and 1145.6 nmel/L,
in the proper matrices, were stored under the same
conditions (—80°C) as biclogical samples. We assessed
the stability of metabolites with urine from volunteers
who had consumed red wine.

After we had validated the analytical method for
routine use, we used resveratrol at concentrations of 21.9,
219.3, and 2193.0 nmol/L and piceid at concentrations of
12.8,128.2, and 1282.0 nmol/L in duplicate as QC samples
(28).

STATISTICAL ANALYSIS

SIPSS statistical software, Windows version 11.5.1, was
used. Kolmogorov-Levene and a paired Student f-test
were employed. A weighted leastsquares regression
analysis was used to obtain correlation coefficients and
slopes. Statistical significance was defined as P <0.05.
Data are shown as the mean (SD).

Results

SELECTIVITY

Under the chromatographic and MS/MS conditions used
for the assay, metabolites and standards were well re-
solved (Fig. 2, Table 2). Endogenous peaks at the retention
time of the analytes of interest were not observed in blank
human LDL or in synthetic urine. Blank urine from
volunteers showed some endogenous peaks, but none at
the same retention time of the analytes.

EXTRACTION RECOVERY AND LINEARITY

The mean (SD) recoveries of known amounts of frans-
resveratrol and fruns-piceid added to blank matrices were
92 (11.5)% and 89 (6.3)%, respectively. The 9-point cali-
brator concentrations showed a linear and reproducible
curve for standards. Weighted (1/x°) least-square regres-
sion analysis vielded equation regression lines and resid-
ual analysis [mean range (SD)] as follows: y = 35.2¢ — 0.07
(r* = 0.996) and 100% (3.2) for trans-resveratrol and y =
19.3x + 1.3 (r* = 0.967) and 100% (11.1) for frans-piceid.
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Table 1. Within- and between-day precision and recovery data obtained from the LC-MS/MS of fransresveratrol and
trans-piceid in blank human urine.
trans-Resveratrol trans-Plceld
Added, Mean, Preclsion Recovery Added, Mean, Preclsion Recovery
Imprecislon nmol /L nmel/L (RSD}, % (error), % nmol/L nmel/L (RSD), % (error), %
Withinday (n = 3)
4.4 4.4 45 99.8
219 228 24 104.0 12.8 13.0 8.7 101.6
439 40.9 32 93.2 256 27.0 2.8 105:3
87,7 90.6 2.8 103.3 518 526 8.7 102.6
219.3 2261 BiT 103.1 128.2 1336 0.7 104.2
370.0 3187 105 96.9 109 3 200.4 9.4 108.9
4386 4756 6.0 108.4 266.4 264.1 6.0 103.0
1098.5 1106.4 8.1 100.9 £541.0 652.3 bb 102.7
2103.0 20226 6.8 92.2 1282.0 1287.2 4.6 100.4
3289.5 3441.1 31 104.6 1923.1 1857.8 3.5 96.6
Between-day (n = 10}
4.4 4.7 10.8 106.6
21.9 24.2 10.5 110.3 12.8 12.5 9.8 a7.3
439 394 8.1 89.9 256 DEF 10.5 108.0
87,7 95,5 10.1 108.9 51,3 52.8 4.4 102.9
219.3 227.2 4.4 103.6 128.2 137.8 8.2 107.5
3289 295.7 10.2 89.9 192.3 211.2 10.4 109.8
4386 47587 9.2 108.5 2664 247.0 9.5 96.3
1086.5 1076.5 2.4 98.2 641.0 705.1 10.5 110.0
2193.0 1994.1 2.5 90.9 1982.0 11933 968 93.1
32895 3605,9 10,4 109.6 19231 1727.0 8.8 20.8
45
PRECISION, RECOVERY, AND DETECTION LIMIT 2.0e4 | I 4031227
Precision and recovery (Table 1) met acceptance criteria ll\
{28) at all concentrations. According to these criteria, the 1,0e4 2 i‘
lewest standards of trans-resveratrol and frans-piceid, 4.4 1 A ";l
and 12.8 nmol/L, respectively, were accepted as the limit 0.0 : .
of quantification in human blank urine, and 0.4 and 6
1.9 nmol/L, respectively, in the LDL matrix (10). Limits of 3.4e5 307,227
detection for fraus-resveratrol and trans-piceid were 0.2 |
and 1.2 nmol/L, respectively, in LDL matrix, 4.0 and 8_ I 78
8.4 nmol/L, respectively, in human blank urine, and 0.3 O- Ml ,l|‘. A 9
and 1.9 nmol/L, respectively, in synthetic urine. é- 0,0* s
7]
STABILITY 5 3169 6 227/185
To evaluate short-term temperature stability, 3 aliquots of g 7
each concentration were thawed at room temperature, ] 8
maintained at this temperature for 3 h, and then analyzed. 4’|; Il 1l| ﬁ?
This time represents the average sample preparation time 0 e
for 96-well plates. The aliquots were then put in a refrig- 2304 IS
erated autosampler and analyzed at 10 and 25 h, the 20e4 269/134
average time required to analyze 96 samples. Under these ‘
conditions, and after freeze and thaw cycles, we observed 1.0e4
differences «5% for imus-resveratrol and frans-piceid.
Evaluaticn of the long-term stability of resveratrol glue- 00 = T
urcnide stored at —80 “C for 5 years yielded an chserved Time, min

CV of 10.8% (n = 5). After testing the stability of human
urine after moderate consumption of red wine, we ob-
served no statistically significant differences in gluc-
uronided and sulfated metabolites at freeze and thaw

Fg. 2. MRM trace chromatogram of sulfated and glucuronidated
standards of resveratrol and MRM of 227/185 (DP = —80) in
LC-MS/MS conditions as described in the text.

Numbered peaks refer to Table 2,
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Table 2. Description of relative molecular mass, retention times, negative mode multiple reaction monitoring transitions,
mean concentrations (SD) of 24-h LDL and 4-h urine after moderate consumption of red wine, and percentage of volunteers
who demonstrated each metabolite.

LDL samples Urine samples

pmol resveratrol/mg nmol resveratrel /g

MS/MS lons, LDL proteln, Voluntears, ereatinine, Volunteers,
Compound Peak no. M, R, min myz mean (SD) ko] mean (SD) ko]

trans-Resveratrol-4~C-glucuronide 1 404 1.6 4037227 37.8(438) a5 59,6 (88.7) 80
Taxifolin ES® 304 2.4 3037285 ES ES

trans-Resveratrol-3-Crglucuronide 2 404 3.3 4037227 111.7 (126.0) 36 179.2 (276.0) 80
trans-Resveratrol el 228 5B 2274185 3.54.6) 73 ND ND
cisResveratrol-4'-Oglucuronide 4 404 56 4037227 ND ND 3566.8 (b67.4) 80
cisResveratrol-3-Oglucuronide 5 404 b2 4037227 7.1(5.8) 27 893.5 (894.56) 100
trans-Resveratrol-4‘-sulfate 6 308 6.2 307227 2.0(1.9) 36 2.4 (14.8) 40
Hexestrol 15 270 6.7 269/134 1S ]

trans-Resveratrol-3sulfate T 308 6.8 3077227 4.0(5.4) 36 T4.71239.0) 40
cisResveratrol-4'sulfate 8 308 7.3 3077227 7.1(5.2) 64 9284.2 (83219.2) 100
cig-Resveratrol-3-sulfate 9 308 rigts] 3077227 5.4(2.9) 36 221.2(1010.1) 40

S EE, additional external standard; 13, intemal standard; NI, rot detected,

cycles and after short- and long-term stability. We con-
cluded that the metabolites were stable under the storage
and sample handling conditicns used for this assay.

INTERNAL STANDARD EVALUATION

Diethylstilbestrel and diethylstilbestrol-dé showed 2 un-
stable peaks over time. Hexestrol and dienestrel, both
veterinary synthetic products, were absent in human
nutritional and body fluids. Their mean recoveries (n =
11) at the concentrations used in the assay procedure
(1851.8 and 1879.7 nmol/L, respectively) were 96% and
89%, respectively. Although the mean recoveries were
acceptable for both, dienestrol showed a higher variability
(CV =15%) than hexestrol (CV = 11.2%). Hexestrol was
selected as the internal standard.

QUALITY CONTROL RESULTS

trans-Resveratrol showed that 83% of QC were within
15% of their nominal value. frans Piceid showed that 67%
of QC were within 15% of their nominal value.

APPLICATION TO LDL SAMPLES

To identify sulfated metabolites of resveratrol and te
complete its metabolic profile (10), we analyzed LDL
samples with this LC-MS/MS method. Three different
profiles of 24-h LDL glucuronide and sulfate conjugates of
resveratrol after a single dose of red wine are shewn in
Fig. 3. Six metabolites were identified in volunteer A, 5 in
volunteer B, and 4 in volunteer C. Volunteer B showed
several peaks with 403/227 transitien, but only 2 of them
were positively identified as resveratrel glucuronides.
Mean (SD) concentrations are shown in Table 2.

In addition to the well-described phase II metabo-
lites of resveratrol, we also screened phase I metabo-
lites, such as methylated (241/227) and hydroxylated
(243/159) resveratrol, and their respective phase II
metabolites, such as hydroxyresveratrol-glucurcnide
(419/243) and hydroxyresveratrol-sulfate (323/243).
We also screened microflora metabelites, such as dihy-
droresveratrol-glucuronide (405/229) and dihydrores-
veratrol-sulfate (309/229) (12). After checking for these

Yolunteer A Volunteer B Volunteer C
1413 3 1 o 554 !r
1000 2 40001 i 400 2 4037227
& s I 2000 | ‘\ ‘ 2 = |
L | | { (VU \ | OO (. 1 .
= g B B 10 x5 : 3 R ] 6 ] o
% 254, 3 381 \
£ %) ML 67 L‘ | | 3o07r27
. A ,
o et iy et A A
2 10 2 4 8 -] 10 2 8 10

Time, min

Time, min

Time, min

Fig. 3. MRM trace chromatogram of LOL after the intake of 250 mL of red wine (wvolunteers A, B, and, C)

Numbered peaks refer to Table 2.
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transitions, some peaks were observed but were below
the limit of detection.

APPLICATION TO URINE SAMPLES

Glucuronided and sulfated metabolites were character-
ized in human urine by LC-MS/MS. MRM chromato-
grams of sulfates (307/227) and glucuronides (403/227) in
urine from 4 volunteers are shown in Fig. 4 As can be
seen in Fig. 4, the application of a higher DP (—80) in the
collision-induced dissociation MS/MS experiment al-
lowed the confirmation of all the metabolites through the
characteristic 227/185 transition for resveratrol. The
means (SD) of the metabolites for these volunteers are
presented in Table 2 as nmol resveratrol/g creatinine.

Discussion
We have developed a new method te evaluate resveratrol
metabolism in human samples. With this HPLC-MS/MS
methad, we determined the resveratral metabolic profile
in 10 min in different types of matrices. We emphasize
that because of the observed differences in limits of
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detection, human blank urine is a better tool than syn-
thetic urine because it shows the real matrix effect (29).

Investigations on human resveratrol metabolism have
enly recently been perfermed. In 2003, Geldberg et al. (30)
were the first to administer resveratrol to humans. Sub-
sequent published studies have shown glucuronides and
sulfates to be the main metabolites of resveratrol. Only the
glucuronide metabolites have been well characterized
because of the poor chromatographic behavior of resvera-
trol sulfates (12).

We have circumvented the drawbacks of previeus
methods. To improve the resolution of the sulfates
(10, 12), acetone was incorporated into mobile phase B.
Acetone allows better resolution of sulfates by improving
the peak shape and reducing the relative retention time.
The incorporation of a shorter chromatographic column
also reduced the chromategraphic time to 10 min (9-20).
The use of a 96-well SPE plate helped avoid laboricus
sample preparation (14-16), requiring ~3 h of prepara-
tion per plate. The use of LC-MS/MS aveids the need to
perform enzymatic hydrolysis (14, 19, 20), thus simplify-

Resveratrol Sulfates in Urine Samples

8
5,604 5 [
g 40et Volunteer W - 307227 1004 Volunteer X J ’ 307227
o 6
2,0e4 5000,0 7 19
> : ol |
= =] HAVNIN LA ‘LJ\’ W L f\\
2 o0 3 a T o 2 3 6 O
o 8
E 07 89 2000 7
Chi M 227185 ‘ ‘ 227/185
I 1000 6
1000 \ | A} ’U 9
o i e
0 e = ' = g iy [3 ]
Time, min Time, min
Resveratrol Glucuronides in Urine Samples
Q 1,7e5 Volunteer Y 2 9804 Volunteer Z
O 10es } 403227 ., 4 403/227
S ! i
= 1 4\[ , 2 \\J \
o \ o i b )
8 00 ).\2 A e - oo e o 8
=
200 227/185 1000 5 V\ 227/185
1000 45 500 A i }r .
0 1 . J'U‘U‘ i AN /"f' L»w\,r»’\.»f\ A hw\[' f" LRV me\ﬂvw L“.J\J".ﬁ“ oS
2 4 6 4 6 8
Time, min

Time, min

Fig. 4. MRM trace chromatogram of resveratrol sulfates (307/227), resveratrol glucuronides (403/227), and resveratrol (227/185; DP —20) in

urine samples of representative volunteers after the consumption of 250 mL of red wine

Numbered peaks refer to Table 2.

189



298

ing the quantitative and qualitative profiling of the res-
veratrol metabolites.

Another highlight of the present method is the abil-
ity to differentiate between the fans and cis isomers of
resveratrol4’-O-glucuronide, resveratrol-3-O-glucuronide,
resveratrol-4’-sulfate, and resveratrol-3-sulfate. This method
is the first to identify the entire profile of resveratrol sulfates
in human LDL and urine (Figs. 3 and 4).

There was variability between volunteers (Table 2), but
all sulfates were found in similar concentrations in LDL.
The main sulfate in LDL was the cis-resveratrol-4"-sulfate,
and the main glucuronide was frans-resveratrol-3-O-gluc-
urcnide. The frans-resveratrol-O-glucuronides were in
greater concentrations than sulfates. Resveratrol can be
glucuronidated at 2 positions on the molecule. Although
the 3 position seemed to be the preferential glucuronida-
tion site in vitro in human liver microsomes, the 4’
position is also a possible site of metabolism in humans
in vivo (11). Considering activity, the presence of the
4'-OH is a requisite for inhibition of cell proliferation (31).
Clur results show major glucuronidation of resveratrol in
3-position at 24 h maintaining the 4-0OH free. Although
the glucuronide metabolites of resveratrol have previ-
ously been described in LDL (10}, this new method is able
to determine resveratrol sulfates without reducing the
resolution of glicuronides.

After successful characterization of the resveratrol me-
tabolites profile in LIDL, we applied the method to urine
samples. Urine is a more adequate sample te be used in
large-scale population studies to establish nutritional bi-
omarkers (32). Meng et al. (9) described the rapid excre-
tion of resveratrol in urine (after 2-3 h) when low
amounts are consumed. In this study, the urine was
collected during the 4 h after moderate red wine intake.
When absorbed, resveratrol is rapidly cleared through the
glucurenidation and sulfation pathways, and metabolites
are principally excreted in urine (9, 12). All the resveratrol
metabolites previously described were found in these
urine samples. Conceming the stereoselectivity of gluc-
uronidation, cis-isomers were glucuronidated faster than
frans-isomers (15). This observation is in accordance with
our results of our study, in which greater amounts of
cis-O-glucuronide are obtained. Because this is the first
time that sulfates of resveratrol have been well character-
ized, there are no published data about sulfate stereose-
lectivity. Taking into account the concentration results
{Table 2), however, the behavior of sulfates seems similar
to that of glucuronides, showing higher amounts for cis
isomers. The variability shown in these results has been
seen previously in LDL (10) and is attributable to poly-
morphisms of intestinal enzymes (33) or to interactions
with other compounds (34). Further investigations on
resveratrol variability with more volunteers are needed.

This method can be used in future epidemiological and
clinical intervention trials. In studies aimed at evaluating
the biological effects of resveratrol intake via moderate
wine consumption, knowledge of the resveratrol profile

Urpi-Sarda et al.: Human Resveratrol Metabolites by HPLC-MS/MS

may facilitate better estimation of resveratrol consump-
tion than dietary data obtained by food frequency ques-
fionnaires,
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CONSUMO DE FLAVONOIDES EN LA POBLACION INFANTIL Y
ADULTA ESPANOLA

Raiil Zamora-Ros' ; Cristina Andrés-Lacueva'; Maria Izquierdo—l’ulido"z ; Rosa Maria
Lamuela-Raventés'.

Lt 'Departamento de Nutricién y Bromatologia. Facultad de Farmacia. Universidad de
Barcelona. Av. Joan XXIII s/n, 08028, Barcelona
E-mail: lamuela@ub.edu

" Nutrexpa

Introduccion:

Material y métodos:
Los flavonoides son sustancias polifenélicas, con estructura quimica de

Se han utilizado como base de datos de composicion de flavonoides en
alimentos la publicada por el USDA (U.S Department of Agriculture, 2003)
formada por 242 alimentos y 26 flavonoides (11 flavan-3-oles, 6 antocianos, 4
flavonoles, 2 flavonas y 3 flavanonas). Ademds se incluyeron valores propios
del grupo para el cavay el soluble debido ala ausencia de los mismos en
En los dltimos anos, los flavonoides, debido a su elevada actividad labase de datos de composicion.

El consumo de alimentos se ha estimado a partir del estudio “Family Food
Panel”, cuestionario de frecuencia de consumo cualitativo de alimentos
realizado a 15.288 individuos residentes en Espafia (13.098 adultos y 2.190
y ponibles a nifios) elaborado por Taylor Nelson Sofres, 2002. Las cantidades de alimentos
rnacional sobre su consumo y, ¢ , no existe ingeridos se han ajustado mediante los datos de consumo del Ministerio de
Agricultura, Pesca y Alimentacién del 2002.

difenilpropanos (C6- 6), ampliamente distribuidas en el mundo vegetal,
en frutas, verduras, cacao, té y vino. Los flavonoides se pueden desglosar en 6

, flavonoles, flavan-3-oles, flavanonas, flavonas e
isoflavonas.

antioxidante, estan adquiriendo un especial interés, ya que su ing puede
tener efe beneficio la prevenciéon de enfermedades

ngun dato publicado En la tabla 1 se presentan los estudios mas importantes
sobre consumo de flavonoid

Objetiv Resultados:
Determinar la ingesta de flavonoides en la poblacién infantil y adulta Se ha estimado un consumo medio de flavonoides de 45,9mg/dia en la
esp a,y qué alimento: responsables mayorita: poblacién espanola. La poblacién adulta (mayores de 15 afios) ingiere
49,5mg/ dia mientras que la infantil (de 5 a 14 afos) es de 24,2mg/dia. Los
alimentos que mas flavonoides aportan a la dieta de los adultos son: té
(32%), vino (31%) y frutas y verduras (27%) figura 1 . En los nifos los més
. 9 299
Tabla 1. Estudios mas representativos sobre consumo de flavonoides. R e:e.nlatl\ os son: cacao (54%), frutas y verduras (29%) y zumos de fruta
(14%) figura 2.
Flavonoides

Estudio estudiados

mg/dia | Alimentos | Efecto protector

Figura 1. Distribucién porcentual de alimentos por aporte

Grecia 8 mujeres de flavonoides en la poblacién adulta espanola.

(2003) 50-60afios)

Zuphten 805 hombres Flavan-3-oles, 81% te Enfermedad 9%
(Holanda) B flavonoles y 9% manzana vascular y ® ) Té
(65-84afios) Hlav ; ) de viel 1% 33% .
(1993) avonas | 3,5% cebolla | cancer de pie Vino
Morgen 13.651 Flavan-3-oles, 65% te Enfermedad . B Fruta
(Holanda) |  individuos flavonoles y 13% manzana pulmonar 16% Verdura
(2001) (20-59afios) flavonas 5% cebolla obstructiva Otros

31%
3 estudios 30.000 Flavan-3-oles, 46% te Enfermedad

enUSA | individuos (40- | flavonolesy 15% manzana vascular y

(2002) 75afios) flavonas 10% cebolla | cancer de colon Figura 2. Distribucion porcentual de alimentos por aporte de

Reino flavonoides en la poblacién infantil espanola.
Unido | 1:900hombres Flavonoles 82% te Enfermedad
(45-59anys) O 10% cebolla vascular

Cacao

Fi I de fl ides ( d los de edad =P

igura 3. Ingesta de flavonoides (mg/dia) por intervalos de edad y por

3 I 8¢ e g/dia) p VP B Zumos
a pobl espafio

Verduras
Otros

Conclusiones:
« Por primera vez en nuestro pats, se obtienen datos sobre la ingesta media

de flavonoides en poblacién espafiola, adulta e infantil.

Nuestra alimentaci6n, fundamentalmente mediterranea, provoca que las
10a14 15224 3 35 50264 65y mas frutas, las verduras y espgcialmente el vino (en adultos) sean los

alimentos con un peso especifico méas importante.

En nifios, destaca el o (alimento habitual en el desayuno) ya que

aportariaméas del 50% delaingesta total de estas sustancias.
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Resveratrol (3, 5, 4'-trihydroxystilbene) and piceid (resveratrol 30-B -glucoside) are
stilbenes found in only low quantities in the human diet. Cava is a grape-derived beverage
with a low content of stilbenes, ranged from 0.5 to 1.5mg/L, and mainly in piceid form [1].
Regular and moderate consumption of resveratrol may achieve beneficial effects [2].
Bioavailability of resveratrol has been scarcely studied and it was considered in three ways:
depending the experimental model, the resveratrol source,and the administrated dose. i)
Extensively in rodents, resveratrol standard, single dose between 20-50mg/Kg [3,4]. ii)
Humans, food supplemented with resveratrol standard, single dose ranged from 0.3 to
1mg/Kg [5-7]. iii) Humans, food, single dose between 0.005-0.027mg/Kg total stilbenes
mainly in piceid form. Below 0.014mg/Kg administration dose no metabolites were detected
neither in urine nor in plasma [7]. In all studies the mainly metabolite of resveratrol was the
glucuronidated form [3-7].

In these conditions, high sensitivity and sensibility were required and LC-ESI/MS/MS using a
triple-quadrupole mass spectrometer is recommended. MRM (multiple reaction monitoring)
assay is the method of choice to search for potential metabolites present at trace levels.

Aim of this study

To establish a biomarker of moderate wine intake

Determinate resveratrol metabolites after regular and moderate sparkling wine consumption
versus gin as a beverage without resveratrol content.

Fig 1. Structures of trans- and cis-resveratrol and metabolites.
Trans

Chemical Estructure Structure name m/z

(a) R,= H; R,=H (a) Resveratrol 227/185
(b) R,= glucose; R,=H (b)  Piceid 389/227
(c) R,= glucuronic acid; R,= H (c) 3-O-glucuronide 403/227
(d) R,= H; R,= glucuronic acid (d) 4’-O-glucuronide 403/227
(e) R,= SO,H; R,= H (e) 3-O-sulfate 307/227
(F) Ri= H; R,= SO,H () 4-O-sulfate 307/227

«The positive identification of resveratrol glucuronide in urine samples from cava ingestion
was based on its retention time, and ions fragmentation in different MS/MS modes (product
ion scan and precursor ion scan of m/z 227), compared with those of purified standard when
available.

«Following 28 days of dietary supplementation with cava, only resveratrol glucuronide was
found in the urine of all volunteers, while no resveratrol metabolites were detected in the
urine of control diet volunteers.

«However, any resveratrol metabolites were detected in serum samples.

«To our knowledge, this is the first time that resveratrol glucuronide has been identified in
urine following food (cava) not supplemented intake and with low dose of total resveratrol
(0,005mg/Kg).

+Advances in analytical techniques let propose resveratrol glucuronide in urine as biomarker
of sparkling wine consumption.

oIn the future, this study could be the base for the application of this biomarker in
epidemiological studies.

Fig 2: Amounts of resveratrol glucuronide excreted in urine.
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Subjects a study design
Protocol was approved by the Institutional Review Board of the Hospital Clinic (Barcelona).
Five healthy men consumed 30 g ethanol/day during 28 days:
- Cava (300mL of beverage with 0.35mg of total stilbenes, mainly in piceid form)
- Gin (100mL of beverage without stilbenes)
- Washout period of 3 weeks previous every diet.
Samples
Morning urine and serum after last sparkling wine intake and gin period were collected.
Urine and serum were acidified until 200mM with HCl and were stored at -80°C.
Sample preparation
Polyphenols were extracted with a SPE cartridge (Oasis HLB, Waters). Resveratrol
metabolites were eluted with 1mL acidic methanol solution and 2mL of ethyl acetate. The
organic solution was evaporated under N, avoiding dryness. Taxifolin was used as internal
standard. The samples were reconstituted with mobile phase A until 100pL. Finally samples
were filtration with 4mm PTFE filter 0.45um (Waters).
Analysis sample
Analysis of resveratrol metabolites in urine was carried out by LC-MS/MS as described by Urpi
[11] with slight modifications.
LC conditions
Perkin Elmer series 200 (Norwalk, CT, USA) quaternary pump, autosampler.
Column: Luna C, (150x 2,0 mm i.d., 5mm) (Phenomenex, Torrance, CA, USA).
Solvents: A: 0,05% aceticacid in water. B: acetonitrile
Gradient (t(min), %B): (0,15); (2,15); (10,40); (20,70); (25,100); (30,100).
Flow-rate: 400pL/min Volume injected:15uL
MS/MS conditions
Triple quadrupole mass spectrometer (API 3000, PE Sciex, Concord, ON, Canada).
TURBO ION SPRAY
Ionization Mode: Negative
Acquisition Mode:
MRM (Multiple Reaction Monitoring)
Product Ion Scan of 403
Precursor Ion Scan of 227
Neutral Loss Scan

Figure 3. Analysis of urine in MRM mode of resveratrol glucuronide (403/227)
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The “"Consejo Regulador del Cava”, Vilafranca del Penedés (Barcelona) and the Instituto de
Salud Carlos III (Red de Grupo G03/140), Madrid, Spain supported this study. RZR was
supported by Departament d'Universitats, Recerca i Societat de la Informaci6. CAL thanks
the Ramon y Cajal program by the Ministry of Science and Technology from Spain and the
ESF (European Social Found).
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TWO RANDOMIZED CROSSOVER CLINICAL TRIALS
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Development of a food composition database for the estimation of dietary intake of
resveratrol.
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Resveratrol (3,5,4'-trihydroxystilbene) is the parent compound of a family of molecules,
including glycosides (piceid), existing incis andtrans configurations, and polymers (viniferins)
classified as stilbens.

Resveratrol is of great interest in nutrition and medicine due to its potential health benefits, sah

as anti-carcinogenic properties (1, 2), neuroprotective effects (3), antioxidant capacity,
modulation of lipid and lipoprotein metabolism, antiplatelet aggregation (4), and estrogenic
activity. Caloric restriction is probably the only other treatment for which such a broad array of
protective effects is observed in mammals (5). Indeed, resveratrol has been hypothesized to
use the same pathways activated by caloric restriction (5, 6).

To our knowledge, only one epidemiologic study exist concerning the daily consumption of the
trans-resveratrol, tertil 2 ranged from 0.0731 to 0.1607 mg/day, in adult women of Swiss
Canton of Vaud (7). However, only white and red wines and grapes were taking intoaccount as

resveratrol sources. In this study was concluded an inverse association between resveratrol
from grapes, but not from wine, and breast cancer risk.

Aim of this study

The aim of the present study was to develop a new food composition database on resveratrol
content from foods and beverages based on the literature survey.

We performed a literature search on the food content of these compounds using the Medline and
Food Science and Technology Abstracts databases. The relevant papers containing analytical
data were selected. The data were inserted in the database using Access software, which is
specially developed for data acquisition, compilation, and retrieval. Each composition value was
attached to the description of the food or beverage, the literature source, the sampling plan and
procedures, the analytical method, and the analytical quality control of the laboratory. The
individual food items were compiled in food groups with noun “non specified”. The relative
quality and the reliability of the data were measured with a quality index, which was evaluated
following the key points originally developed in the EU-AIR NETTOX Project (8):
- Isthefood correctly identified?
- Isthefood acceptable market quality?

Has the chemical identity of the bioactive compound been correctly established?

Are the extraction and analytical procedures reliable?
- Haveappropriate sampling procedures been applied?
It was agreed that the grading of papers dealt with by evaluators should be:
- A:datathat wasthoroughly reliable.
- B: data that may have been sound but did not provide enough information to meet all the
required criteria foran A grade.
- C:datathat was not of the best quality that might be expected by current standards.
- U: data for which there was insufficient information available to allow assignment to oher
categories.

Table 1. Content of resveratrol and piceid in group foods (ppm)

nd. not detected; tr. Traces.

. Delmas, D; etal. Curr Drug Targets. 7:423-442 (2006).
. Signorelli, P & Ghidoni, R. J Nutr Biochem. 16:449-466 (2005).
. Dore,S. Neurosignals. 14:61-70 (2005).
.Olas, B & Wachowicz, B. Platelets. 16:251-260 (2005).
. Baur, JA & Sinclair, DA. Nat Rev Drug Discov. 5:493-506 (2006)
Ingram, DK; et al. Aging Cell. 5:97-108 (2006).
Levi, F; etal. Eur ) Cancer Prev. 14:139-142 (2005).
. Moller, A; etal. http://www. foodcomp. dk/basis/ . (1998).

Adequate data for the resveratrol content were available from 85 published studies providing
160 individual food items classified in 27 food groups. The highest values found for total
resveratrol is for red wine and itadori tea; moderate levels are observed in grape and grape
products; and low levels are observed in berries, peanuts, and pistachios (Table 1). Table 2
shows the food group “red wine non specified” divided in specific red wines. The figure 1
shows the number of papers which contained food composition data classified by food group.
The figure 2 shows the quality of total Food Composition DataBase by means of the % of
quality index grade of food groups.

sveratrol and piceid in specific red wines

Table 2. Content of

Na, not analyzed; nd, not detected.

Figure 1. Number of references by food group.

Figure 2. % of quality index grade by food groups.
u A

4% 14%

N

In the future, this resveratrol food database will be used to calculate the dietary exposure of
the resveratrol and to study the associations of resveratrol intake with the risk of
cardiovascular disease and cancer, in epidemiological, intervention and clinical studies to
predict the health protective effect of resveratrol in food and beverages (eg. a moderate
consumption of wine) in a context of the Mediterranean diet.

R. Z.-R. was supported by Departament d'Universitats, Recerca i Societat de la Informacié and M. U-S. thank the FPI
fellowship from MEC. The authors express their gratitude to the financial support ofRed de Grupo G03/140 fram the
Instituto de Salud Carlos 111 and of AGL2004-08378-C02-01 from Education and Science Ministry (MEC).

I World Congress of Public Health Nutrition, September 28-30, 2006, Barcelona, Spain
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a similar magnitude as absti Low-dose ¢ ion on a lled
drinking situation should be considered on those chronic alcohol abusers who
are not able to achieve complete abstinence,

Presentation $28-3

SCIENTIFIC EVIDENCE OF THE BENEFICIAL EFFECTS OF
MODERATE ALCOHOL CONSUMPTION ON HEALTH
Estruch R, Sacanella E, Vazquez-Agell M, Mena MP, Monagas M,
Fernandez-Sold J (Spain)

Aims. Numerous epidemiologic studies have found an association between
moderate alcohol consumption and a reduced risk of coronary heart discase
and ischemic stroke.
On the other hand, other types of evidence are related to the biologic plausi-
bility of this hy Since ath lerosis seems to be an inflammatory
disease, the aims of the clinical trials performed were to evaluate the effects
of red and white wines d to those of an alcoholic b ge with low
polyphenol content, on infl y biomarkers related to atherosclerosis.
Methods. Two domized, ¢ trials studies were performed. In
study 1, 20 men consumed 30 g ethanoliday as cava (sparkling wine) or
gin over 28 days, after a 15-day washout period. In study 2. 35 women
consumed 20 g ethanol/day as white or red wine for 28 days. Serum and urine
samplr.s were oolleclerl after each 28-day period in bo!h studies. Adhesion
Ived in lympk lium interactions
were determined on the cell wri'au.. and of human vies 1o
endothelial cells were also measured in basal and mmulaned ccndllmns_
Results. Serum levels of C-reactive protein, i
1, CD40L, and interleUkin-6 decreased after either aleoholic beverage (P <
0.01; all). However, red wine and cava showed higher anti-inflammatory
properties probably due to their polyphenolu: content.
Conclusions. Although there is i on the beneficial effects
of mod aleohol ¢ ion on the health, without data from large
randomized clinical trials, it is unclear how a physician can be in a position
to advise his or her patients.

Presentation S28-4

URINARY RESVERATROL METABOLITES AS A BIOMARKER
OF MODERATE WINE CONSUMPTION

Zamora-Ros R, Urpi M, Sarda Rosa M, Lamuela-Raventos Estruch, R,
Vazquez-Agell M, Serrano-Martinez M, Jaeger W, Andres-Lacueva C
{Spain and USA)

Aims, Background: Nutritional biomarkers may be better measures of
dmry expusure t‘n.:m self re'pm'te.d dietary data. We evaluated resveratrol

p of wine p ion, in humans after
d ption of wh:tc or red wines,
Methods. We perf ‘2 il Cros trials and a cohort study.

In the first sludy 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 ethanoliday 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 pn:vc'n'l.iun of cardiovascular discase (the PREDIMED Study). We
used liquid ct hy-tandem mass sp y to analyze urinary
total resveratrol rrmabolne.s (TRMs) and predictive valucs and ROC curve
analyses 10 assess the diagnostic accuracy.

Results. We observed significant increases in TRMs [72.4 (95% confidence
interval, 48.5-96.2; P = 0.005), 2115 (166.6-256.3; P = 0.005), and
560.5 nmolfg creatinine (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 study, the reported daily dose of wine
consumption correlated directly with TRMs (r = 0.654; P < 0.001). Using
a cutofl of 90 nmolfg, we were able o use TRMs 1o differentiate wine
consumers from abstainers with a sensitivity of 72% (60% —-84%); and a
specificity of 94% (87% - 100%).
Conclusi B, '

in urine may be useful biomarkers of
wine intake in epidemiologic and intervention studies.

SYMPOSIUM 29 WEDNESDAY SEPT. 26TH 9.00 AM-10.30
AM; ROOM: LECTURE HALL 1

GABA-B receptor: a new target for treating alcohol
dependence?
Chairpersons: Leite-Morris KA (USA), Colombo G (Italy)

Presentation $29-1

ACTIVATION OF THE GABA(B) RECEPTOR IN ANIMAL
MODELS OF ALCOHOL DEPENDENCE

Colombo G, Maccioni P, Orrii A, Lobina C, Agabio R, Addolorato G,
Gessa GL, Carai MAM (Ttaly)

Alims. The present paper summarizes the different lines of experimental evi-
dence featuring the suppressing effect of the GABA(B) receptor full agonists,
baclofen and CGP44532, and positive allosteric modulators, CGP7930 and
G539783, on different alcohol-motivated behaviors.

Methods. These studies have been conducted testlng different pmcedum of
alcohol intake and aleohol self-admi ion in aleohol

(sP) rats, one of the few rat lines selectively bred worldwide for hlgh dlb{.'lh(!l
preference and consumplmn

Results. Admini of dative doses of baclofen, CGP44532,
CGP7930, and GS39783 1o sP rats have been found to suppress: (a)
acquisition and maintenance of alcohol dri ior under the

2-bottle ‘alcohol vs water’ choice regimen; {b} relapse-like drinking afier

a period of alcohol absti (the lled ‘alcohol dep effeet’);
(c) the increase in alcohol intake induced by |.hc acute administration of
opioids and binoids; (d) oral self-admi ion of alcohol in rats
trained to lever-press for alcohol on an FR4 schedule of reinforcement: () the
motivational f i ofalcohol ‘bythe gressive ratio schedul,
of reinfi and the in rats previously
trained 1o s:lf—ulmmu,l.cl aleohol on un FR4 schedule; () mnmlc.mem
(induced by the of non alcohol iated stimuli) of

aleohol-seeking behavior in rats trained to self-administer alcohol (another
experimental model of aleohol relapse). Finally, acute administration of
bnclol‘en hﬂs been found to supprcsa the severity of different signs of alcohol

i tremors and seizures, in Wistar rats made

physically dcpcndcm on alooho'l
Conclusions. Taken together, these data suggest the involvement of the
GABA(B) receptor in Ihe n:ura.l substrate(s) oontmllmg alcuhul |nlakc and
lapse-like drinki aleohol's rei g and prop-
erties, and underlying alcohol withdrawal | Of interest, suk
preliminary clinical studies with baclofen ha\-e extended to human alcuhul—
dependent patients the majority of the above observations (Addolorato er al.,
this meeting).

Presentation 829-2

GABA(B) RECEPTOR ACTIVATION MODULATES
NEUROTRANSMITTER LEVELS DURING ALCOHOL SEEKING
Leite-Morris KA (USA)

Aims. Dopamine neurons projecting from the ventral tegmental area (\-"TA)
to the nucleus accumbens (NAc) and other forebrain regions are impli

in the motivational behaviors related to ethanol seeking and intake. This
presentation will discuss the findings that direct activation of GABA
(B) receptors in the VTA modulate m:macnumhcm cm;uns and alr:r

dopamine responses in the NAc that underlie the of app

behaviors.

Methods. An animal model bining in vive microdial with alcohol
1f-aad ion was designed to collect brain dialysate concurrently

while subj were lever Long Evans rals

were trained to perform a fixed number of lever presses (RR20) for a 20
minute presentation of 2% sucrose or 10% ethanol. Subjects were surgically
implanted with guide cannula into the VTA for microinjections and NAc for
in vivo microdialysis.

Following administration of intra-VTA artificial cercbral spinal fluid (aCSF),
or the GABA (B) receptor agonist baclofen (0.25, 0.5, 1.0 ug) and/or the
antagonist CGP 35348 (10 ug), single extinction sessions were performed
each week. Brain dialysate was collected at 5 minute intervals prior to and
during extinction trials.

lels Inl.ra VTA admmusr.muon of baclofen (versus aCSF) resulted in
a ifi ibition of ethanol seeking (lever pressing)
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