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Interés

1. Interes

La hipertensié és el problema més important de salut publica i la principal
causa de mort i discapacitat en els paisos desenvolupats. Una quarta part de la
poblaci6 adulta del moén pateix hipertensi6; de manera que afecta
aproximadament a mil milions de persones, causant 7.6 milions de morts

prematures (Lawes et al. 2008).

La prevencid de la mateixa és un dels principals objectius en salut publica. La
resposta a aquest repte ha d’'impulsar una major promocio dels esforcos de
sensibilitzacid, estudis de factors de risc de la hipertensio, i I'avaluacié de

'impacte dels canvis d’estil de vida.

Una dieta saludable com la Mediterrania (Estruch et al. 2006) o la dieta DASH
(Dietary Approaches-a-STOP-Hypertension) (Appel et al. 1997) i millorar 'estil
de vida com per exemple, augmentant I'activitat fisica o reduint el pes corporal
son factors que poden actuar en la disminucié de la pressio arterial (Mancia et
al. 2007). Les dietes mediterrania i DASH, riques en fruites, verdures i
hortalisses (F&V), sbén riques en compostos fitoquimics antioxidants que
confereixen propietats beneficioses en la prevencid de malalties associades a
I'estrés oxidatiu (Alonso et al. 2004; Harnden et al. 2010).

Diversos estudis epidemiologics relacionen de forma inversa el consum
d’aliments rics en polifenols com el cacau, F&V, te, oli d’oliva verge, nous o vi i
el risc d’hipertensié (Agudo et al. 2007; Alonso et al. 2004; Covas et al. 2001;
Covas et al. 2006; Grassi et al. 2005; Manach et al. 2005a). L’elevat consum de
peix i productos lactis baixos en greix, també pot reduir el risc d’hipertensio
(Alonso et al. 2005; Bao et al. 1998; Engberink et al. 2009). Pel contrari, un
elevat consum de cereals refinats, carn o productos carnics s'associen amb un
major risc cardiovascular (Appel et al. 1997; Mancia et al. 2007). No obstant
aixo, a part del sodi i potasi ingerits en la dieta, fins ara hi ha pocs estudis sobre
els efectes dels components de la dieta en la pressio arterial (PA), el consum
d’acid oleic s’ha correlacionat positivament amb una menor prevalencia
hipertensio (Alonso et al. 2006; Perona et al. 2004) a més de la vitamina C o

altres compostos antioxidants (Guxens et al. 2009; Rodrigo et al. 2008).



Interes

Els polifenols son quantitativament la principal font dietetica d’antioxidants,
tanmateix, els efectes biologics d’aguests compostos depenen de la seva
biodisponibilitat, la seva cinetica i el temps d’exposicioé (Roura et al. 2007a). Els
polifenols més frequents en la dieta humana no s6n necessariament els més
actius in vivo, ja sigui perque tenen una menor activitat intrinseca, perqué sén
dificils d’absorbir a l'intesti o perque sén rapidament metabolitzats i eliminats
(Manach et al. 2004).

Un cop absorbits, els polifenols es metabolitzen en l'organisme, formant
metabolits que podran mantenir i/o modificar substancialment ['activitat
biologica dels compostos de partida. La major part dels polifenols ingerits amb
la dieta (75-99%) no s’excreten en orina, i las quantitats detectades varien d’'un
compost fenolic a un altre (Scalbert and Williamson 2000). Aquest fet pot ser
degut a la disminucié de I'absorcio a través del tracte gastrointestinal, la seva
excrecié amb la bilis o la seva metabolitzacié per la microbiota del colon o pels
propis teixits. Es per aixd que per a observar o detectar altes concentracions en
plasma o orina es requereix la ingestié continua d’aliments rics en polifenols
(van het Hof et al. 1999).

Fins ara, cap estudi previ ha determinat I'excreci6 de polifenols totals en
mostres d’orina preses de forma puntual, com biomarcador de la ingesta total
de polifenols de la dieta, per a correlacionar aquest biomarcador amb la pressio

arterial en pacients d’alt risc cardiovascular.
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Objectius

2. Objectius

Objectius principals.

1.

Posar a punt i validar la metodologia per a I'analisi dels polifenols totals
en mostres d’orina.

Correlacionar el consum de polifenols totals mesurat mitjancant la seva
excrecio en orina amb el diagnostic d’hipertensio arterial i las xifres de

PA sistolica i diastolica

En concret, aquesta tesi té els seglients objectius especifics:

1.

Desenvolupar i validar un metode sensible, especific, rapid i senzill per a
la quantificacio de polifenols totals en mostres d’orina.

Correlacionar la ingesta d’aliments rics en polifenols determinada
mitjancant una enquesta de frequencia de consum amb I'excrecié de
polifenols totals en orina determinada mitjancant una metodologia
validada en diferents estudis clinics transversals i d’intervencio, amb
I'objectiu de poder utilitzar aguest parametre com a biomarcador del
consum d’aquests compostos.

Correlacionar I'excrecié urinaria de polifenols totals amb la incidéncia de
hipertensio en una poblacié adulta d’alt risc cardiovascular.

Valorar si una ingesta d’aliments rics en polifenols, avaluada a través de
I'excrecid de polifenols totals, s’associa amb les xifres de pressio arterial
sistolica i diastolica en una poblaci6é adulta amb alt risc cardiovascular.
Avaluar si la dieta mediterrania suplementada amb fruits secs o oli
d’oliva verge es correlacionen positivament amb els polifenols totals
excretats en les mostres d’orina puntual, i si agquest increment s’associa
amb les xifres de pressio arterial sistolica i diastolica, en una poblacié

mediterrania d’avancada edat i alt risc cardiovascular.
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2 Phenolic Compounds: Chemistry and
Occurrence in Fruits and Vegetables

Cristina Andrés-Lacueva®, Alex Medina-Remon,
Rafael Llorach, Mireia Urpi-Sarda, Nasiruddin Khan,
Gemma Chiva-Blanch, Raul Zamora-Ros, Maria
Rotches and Rosa M. Lamuela-Raventos

Chemistry and Classification of Polyphenols

Polyphenols are the most abundant antioxidants in human diets. They are secondary
metabolites of plants. These compounds are designed with an aromatic ring carrving
one or more hydroxyl moieties. Several classes can be considered according to the
number of phenol rings and to the structural elements that bind these rings.

In this context, two main groups of polyphenols, termed flavonoids and non-
flavonoids, have been traditionally adopted. As seen in Figure 2.1, the favonoids
group comprises the compounds with a C6-C3-C6 structure: flavanones, flavones,
dihydroflavonols, flavonols, flavan-3-ols, anthocyanidins, 1soflavones, and proantho-
cyanidins. The nonflavonoids group is classified according to the number of car-
bons that they have (Figure 2.2) and comprises the following subgroups: simple phe-
nols, benzoic acids, hydrolyzable tannins, acetophenones and phenylacetic acids, cin-
namic acids, coumarins, benzophenones, xanthones, stilbenes, chalcones, lignans, and
secoiridoids.

Flavonoicds

Flavonoids have a skeleton of diphenylpropanes, two benzene rings (A and B) con-
nected by a three-carbon chain forming a closed pyran ring with the benzene A ring
isee Figure 2.1).

Flavonoids in plants usually occur glycosylated mainly with glucose or rhamnose,
but they can also be linked with galactose, arabinose, xylose, glucuronic acid, or other
sugars. The number of glycosyl moieties usually varies from one to three; nevertheless,
flavonoids have been identified with four and also five moieties { Vallejo and others
2004).

Flavonols and flavenes have a double bond between C2 and C3 in the flavonoid
structure and an oxygen atom at the C4 position. Furthermore, flavonols also have
a hydroxyl group at the C3 position. Dihydroflavonals have the same structure as
flavonols without the double hond between C2 and C3.

Flavanones are represented by the saturated three-carbon chain and an oxygen atom
in the C4 position.

¥ Corresponding author: Cristina Andrés-Lacueva. Associate Professor, Nutrition and Food Science
Department, Pharmacy School, University of Barcelona. Av Joan XXIII s/n, Barcelona 08028 (Spain).
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Isoflavones also have a diphenylpropane structure in which the B ring is located in
the C3 position. They have structural analogies to estrogens, such as estradiol, with
hydroxyl groups at the C7 and C4 positions (Shier and others 2001).

Anthocyanins are based on the flavylium salt structure and are water-soluble pig-
ments in plants. They are found in the form of glycosides in plants and foods of their
respective aglycones, called anthocvanidins. The most common sugars encountered
are glucose, galactose, rhamnose, xvlose, arabinose, and fructose, which are linked
mainly in the C3 position as glycosides and in C3, C3 as diglycosides. Glycosylation
at the C7, C3, and C5 positions has also been observed (Clifford 2000a).

Flavan-3-ols or flavanols have a saturated three-carbon chain with a hydroxyl group
in the C3 position. In foods they are present as monomers or as proanthocyanidins,
which are polymeric flavanols (4 to 11 units) known also as condensed tannins. In
foods they are never glycosylated.

Nonflavonoids

Simple phenols (Ch), the simplest group, are formed with an aromatic ring substituted
by an alcohol in one or more positions as they may have some substituent groups, such
as alcoholic chains, in their structure. Phenolic acids (C6-C1) with the same structure
as simple phenols have a carboxyl group linked to benzene. Hydrolyzable tannins are
mainly glucose esters of gallic acid. Two types are known: the gallotannins, which
yield only gallic acid upon hydrolysis, and the ellagitannins, which produce ellagic
acid as the common degradation product.

Acetophenones are aromatic ketones, and phenvlacetic acids have a chain of acetic
acid linked to benzene. Both have a C6-C2 structure.

Hydroxycinnamic acids are included in the phenylpropanoid group (C6-C3). They
are formed with an aromatic ring and a threecarbon chain. There are four basic
structures: the coumaric acids, caffeic acids, ferulic acids, and sinapic acids. In nature,
they are usually associated with other compounds such as chlorogenic acid, which is
the link between caffeic acid and quinic acid.

Coumarins belong to a group of compounds known as the benzopyrones, all of
which consist of a benzene ring joined to a pyrone. They may also be found in nature,
in combination with sugars, as glycosides. They can be categonzed as simple fura-
nocoumarins, pyranocoumarins, and coumarins substituted in the pyrone ring (Murray
and others 1982).

Benzophenones and xanthones have the C6-C1-C6 structure. The basic structure
of benzophenone is a diphenyl ketone, and that of xanthone is a 10-oxy-10H-9-
oxaanthracene. More than 500 xanthones are currently known to exist in nature, and
approximately 30 of them are found in the mangosteen with prenyl substituents.

Stilbenes have a |, 2-diphenylethylene as their basic structure (C6-C2-C6). Resver-
atrol, the most widely known compound, contains three hydroxyl groups in the basic
structure and is called 3.4 5-trihydroxystilbene. In plants, piceid, the glucoside of
resveratrol, is the major derivative of resveratrol. Stilbenes are present in plants as
cis or trans isomers. Trans forms can be isomerized to cis forms by UV radiation
{Lamuela-Raventos and others 1993).

Chalcones with a C6-C3-C6 structure are flavonoids lacking a heterocyelic
C-ring. Generally, plants do not accumulate chalcones. After its formation, naringenin
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chalcone 1s rapidly isomerized by the enzyme chalcone isomerase to form the fla-
vanone, naringenin. The most commeon chalcones found in foods are phloretin and its
2'-0-glucoside, chalconaringenin and arbutin,

Lignans are compounds derived from two B-B’-linked phenylpropanocid (C6-C3)
units and are widely distributed in the plant kingdom. They are classified into eight
subgroups: furofuran, furan, dibenzylbutane, dibenzylbutyrolactone, aryltetralin, aryl-
naphthalene, dibenzocyclooctadiene, and dibenzylbutyrolactol. These subgroups are
hased upon the way in which oxvgen is incorporated into the skeleton and the cycliza-
tion pattern. Furthermore, they vary largely in the oxidation levels of both the aromatic
rings and the propyl side chains.

Secoiridoids are complex phenols produced from the secondary metabolism of
terpenes as precursors of several indole alkaloids (Soler-Rivas and others 2000). They
are characterized by the presence of elenolic acid, in its glucosidic or aglyconic form, 1n
their molecular structure. Oleuropein, the best-known secoiridoid, 1s a heterosidic ester
of elenolic acid and 3 .4- dihvdroxyphenylethanol containing a molecule of glucose, the
hydrolysis of which yields elenolic acid and hydroxytyrosol (Soler-Rivas and others

2000).

Methods of Identification and Quantification

Sample Handling

In order to obtain a correct phenolic fingerprint of fruit and vegetables, it is necessary
to take into account the complexity and variability of their matrix. This can be grouped
into two kinds of factors: the physical and structural aspects and the biological aspects.
The first factor is evident when comparing soft fruits, such as berries or grapes, with
other fruits such as oranges or apples, and also when comparing soft vegetables, such
as lettuce or watercress, with hard vegetables such as carrot or pumpkin. The structural
fragility is apparent in their susceptibility to mechanical damage during handling or
manipulation, which is frequently necessary before extraction. Mechanical damage
could trigger enzymatic reactions related to the browning that 1s the consequence
of the transformation of phenolic compounds to melanins. Two enzymes, such as
polyphenol oxidases (PPO) and peroxidases (POD), are considered important factors
in the process of phenolic oxidation (Tomas-Barberan and Espin 2001). Processes
such as peeling, cutting, or crushing, which are fundamental to facilitating the correct
extraction of phenolics, might cause alterations that later lead to incorrect identification
and quantification of phenolic compounds. Enzymatic inactivation could be achieved
using heated solvents, lowering the pH, adding the chemicals, and using a high level of
organic solvents. In this context, Arts and Hollman (1998) observed a browning in the
extract obtained from apple and grape with concentrations of methanol below 40%.
Additionally, this low methanol concentration showed a decrease of ~70% of catechin
yield that the authors attributed to the effect of PPO on the phenolic content.

In order to preserve, as much as possible, the phenolic content in fruit and vegetahle
samples, the literature proposed the application of cold temperatures, even reaching to
freezing, when lyophilization 1s the objective. These procedures also could inactivate
the enzvmes. The freeze-drying is largely the main preservation technique used in the
studies related to the identification and quantification of the phenolic compound of fruit
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and vegetables. Asami and others (2003) found that the total phenolic content of freeze-
dried samples of marionberries and strawberries was higher than that of the air-dried
samples. In this context, frozen samples should be thawed before phenolic extraction.
This procedure could provoke a loss of phenolic compounds because some of them
show important thermolability, and also the thawing could provoke the activation of the
enzyme that alters the phenolic content. Among the different techniques proposed for
thawing, the microwave seems to be the most effective. A recent work (Oszmianski and
others Forthcoming ) looking into the effect of freeze-thaw treatment on the polyphenol
content of frozen strawberries showed that using a microwave thawing for 5 minutes
instead of 20 hr at 20°C had some protective effect on many polyphenolic compounds,
such as anthocyanins or ellagic acid.

Extraction

The methods of extraction need to be able to produce a correct photograph or fingerprint
of the real phenolic content of samples. In fact, the extraction conditions must be as
mild as possible to avoid modifications. In this context several factors, such as the
complexity of the matrix, the variation of the solubility of phenolic compounds, the
presence of interfering substances, and the time of extraction, as well as the temperature,
could provoke modifications. Additionally, the fruit or vegetahle phenolic profile is a
mixture that, from the qualitative point of view, varies from lower mass phenolics, such
as gallic acid, to highly polymerized phenolics, such as procyanidins and tannins. Also,
from the guantitative point of view, the profile varies from traces to several hundreds
of milligrams. Some such phenolics have even been detected uniquely in one fruit
or vegetable, which makes them exclusive. Examples of these exclusive phenolics are
dihydrochalcones (e.g., phloridzin, a characteristic phenolic compound from apple and
its derivatives; Tomas-Barberan and Clifford 2000), or isoflavones, such as genistein
and daidzein, which are restricted to the Fabaceae (e.g.. soya: Cassidy and others
2000, All of these factors show that a unique solvent and/or method for total phenolic
extraction does not exist. Usually, the methods of extraction involve a number of
extraction steps with two or more different solvents, or a single extraction step with a
mix of organic solvent with water. After this, further steps are required to evaporate,
concentrate, and possibly purify.

Several extraction methods or techniques have been proposed for phenolic ex-
traction. Often, freeze-dried and frozen samples are subjected to milling, grind-
ing, and homogenization, which facilitate the solvent—compounds connection. Re-
cently, extraction protocols have been extensively reviewed (Tura and Robards 2002;
Stalikas 2007). For solid samples (e.g., unspoiled fruit and vegetables) the most fre-
quent methods are based on the solid-liquid extraction process and include Soxhlet,
sonication, solid-phase extraction { Hernandez-Montes and others 2006), supercritical
fluid extraction, and microwave. Devanand (2006) found significant differences in
chlorogenic acid extraction from freeze-dried samples of eggplant using sonication,
stirring, a shaker and rotator shaker, reflux, and a pressurized liquid extractor. Herrera
and Luque de Castro (2003) applied ultrasound-assisted extraction, subcritical water,
and microwave-assisted extraction to extract the phenolic compounds from strawber-
ries. The ultrasound-assisted extraction was much the fastest and produced less loss
of analvtes than the other methods. Several studies have shown the effective use of
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solid-phase extraction as a method to extract the phenolic compounds from raw plant
extracts or even biological samples (Michalkiewicz and others 2008; Mezadri and
others 2008; Xia and others 2007; Chen and others 2001; Suirez and others 1996).

According to the literature, the most common solvents are water (mainly hot water),
methanol, ethanol, acetone, and ethyl acetate. It is also commeon to use a mixture of
water and organic solvents. Zhao and Hall (2008) studied the influence of the different
solvents (water, ethanol, and acetone), and mixtures of them, on the extraction of
phenolic compounds from raisins. The authors showed that the highest total phenolic
content was achieved with the extracts obtained from solvent-to-water ratios of 60:40
{v/v), this being the extract obtained from ethanol:water (60:40, v/v,) which vielded the
highest total phenolic content. On the other hand, Mané and others (2007) found that an
acidified mixture of acetone—water—methanol was the best solvent for the simultaneous
extraction of major polyphenol groups from different grape parts, including grape skin,
pulp, and seed.

Other important factors that could lead to error during the identification or quantifi-
cation of phenolic compounds are the possible artifacts related to the isomerization,
hydrolysis, and oxidation produced during the extraction. With regard to these factors,
light could cause 1somerization, which is termed photoisomerization. An example of
this is the trans-cis photoisomerization of resveratol. Resveratrol and piceid (resvera-
trol glucoside) are stilbenes present in grape products, where mainly trans isomers are
detected. The effect of the UV causes a conversion to the cis 1somers. In fact, within
10 minutes of exposure to sunlight of standard solutions, ~90% of isomerization 1s
achieved (Romero-Pérez and others 1999). The use of a laboratory with UV-filtered
light for sample preparation and extraction has been proposed to avoid light degrada-
tion (Teow and others 2007). Likewise. some caffeoylquinic derivatives could undergo
isomerization in warm aqueous media. The extraction of artichoke by-products with
boiling water has been linked to the appearance of different isomers such as 1.3-0O-
dicaffeoylquinic acid (Llorach and others 2003). In this context, the temperature of
extraction and the time of extraction have been linked to both a positive effect, due to
an increase in the solubility that could facilitate the extraction from the matrix, and
a negative effect, due to the higher temperature that could provoke either a loss or a
transformation of phenolic compounds. Regarding the oxidation, some chemicals, such
as tert-butylhydroquinone, 2,6-di-fert-butyl-4-methyphenol (BHT), ascorbic acid, or
sulfites, have been proposed as preventers of oxidation during phenolic extraction
{(Escribano-Bailon and Santos-Buelga 2003). However, Bradshaw and others (2001)
found that ascorbic acid plays a role in inducing browning in catechin.

Separation
Ovwer the past two decades, capillary electrophoresis (CE) and related techniques have
rapidly developed for the separation of a wide range of analytes, ranging from large
protein molecules to small inorganic ions. Gas chromatography has been considered
as a powerful tool due to its sensitivity and selectivity, especially when coupled with
mass spectrometry. Nevertheless, liquid chromatography is the most used method to
separate and analyze phenolic compounds in plant and tissue samples.

Liguid chromatography is carried out in columns. The common columns are packed
using reversed-phase Cjg-bonded silica gel as stationary phase. Elution systems are
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usually binary, with one of the solvents being an acidified aqueous solvent. The second
1s an organic solvent (e.g., methanol), acidified with the same acid used in the aqueous
solvent (Ihern-Gémez and others 2002). Usually, it includes gradient elution and,
occasionally, 1socratic elution. Other aspects, such as the pH of chromatography, or
the buffer, if used, could drastically affect the separation of phenolic compounds and
also further ionization,

Mass Spectrometry Methods for Identification and Quantification

Mass spectrometry has become a very important technique in the identfication and
guantification of phenolics in fruit and vegetables. Different factors, such as sensitivity
and specificity, have been cited to explain the acceptance of this method by the scientific
community. Additionally, this technique might easily combine with different separation
techniques such as CE, gas chromatography (GC), and liquid chromatography (LC),
including HPLC and UPLC (ultra performance liquid chromatography).

An important part of the mass spectrometry methods are the ionization sources
and the analyzers. Several 1onization sources are available. Among these, electrospray
iomzation (ESI) 1s used the most because of the wide range of molecules that it covers.
Other important sources are those related to atmospheric pressure ionization, including
atmospheric-pressure photoionization ( APPI) and atmospheric-pressure chemical 1on-
ization ( APCI), that have shown interesting results analyzing flavonoids (de Rijke and
others 2003). Additionally, the molecules could be ionized by a loss of protons (nega-
tive 1onization) or by a gain of protons (positive ionization). Both methods have been
applied in studies related to phenolic analysis. Other sources of ionization exist, such
as fast atom bombardment (FAB), which has been applied successfully in the study
of flavonoid glycosides (Stobiecki 2000). In addition, matrix-assisted laser desorp-
tion ionization (MALDI) has also been used for the study of polyphenol composition
{Prasain and others 2004).

Various analyzers have been used to analyze phenolic compounds. The choice of
the MS analyzer is influenced by the main objective of the study. The triple quadrupole
(Q00) has been used to quantify, applying multiple reaction monitoring experiments,
whereas the ion trap has been used for both identification and structure elucidation of
phenolic compounds. Moreover, time-of-flight (TOF) and Fourier-transform 1on cy-
clotron resonance (FT-ICR.) are mainly recommended for studies focused on obtaining
accurate mass measurements with errors below 3 ppm and sub-ppm errors, respectively
{Werner and others 2008). Nowadays, hybrid equipment also exists, including different
lomzation sources with different analyzers, for instance electrospray or atmospheric
pressure chemical 1onization with triple guadrupole and time-of-fight (Waridel and
others 2001).

Mass spectrometry applied to characterization of phenolic compounds has been
widely reviewed (Fulcrand and others 2008; Harnly and others 2007, de Rijke and
others 2006; Prasain and others 2004), Therefore, here we describe the most common
mass spectroscopic methods used for the analysis of phenolic compounds.

Capillary Electrophoresis-Mass Spectrometry
Separation by capillary electrophoresis is based on the differences in electrophoretic
motilities in a solution of charged species in an electric field of small capillaries. Its
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application in the analysis of phenolic compounds in fruit and vegetables 1s relatively
recent compared to gas chromatography or liquid chromatography. Taking into account
the format of the buffers used in the capillary, it is possible with this technique to dis-
tinguish different CE techniques called capillary zone electrophoresis (CZE), capillary
gel electrophoresis, and micellar electrokinetic chromatography (MEKC)Prasain and
others 2004). CE as a separation technigue has been successfully applied to lavonoid
studies (de Rijke and others 2006; Prasain and others 2004). Huck and others (2003)
have greatly reviewed the main challenge concerning CE-MS. CE-ESI-MS has been
successfully applied to separate and identify the phenolic compounds in olives (Lafont
and others 1999). The authors reported that using SIM CE/ESI-MS, a limit of detection
in the picogram range may be achieved for some of the detected phenolic compounds.

Gas Chromatography-Mass Spectrometry (GC-MS)

Gas chromatography has been applied over the past 20 years as a separation technique to
study phytochemicals. This technique has been considered as a powerful tool due to its
sensitivity and selectivity, especially when coupled with mass spectrometry. However,
a particular disadvantage of this technique is that the majority of polyphenolic com-
pounds are nonvolatile. Samples used in GC are heavily processed before being ready
for analysis. This process includes cleanup, solid-phase extraction, and often a derivati-
zation process. Derivatization is carried out to generate a volatile phenolic compound. A
variety of reagents are used for derivatization, including diazomethane and methyl chlo-
roformate. However, the most frequent derivative 1s the trialkylsilyl group, of which the
most common alkyl substituent is the methyl group (trimethylsilyl derivative) (Robbins
2003). According to the literature the N,O-bis{trimethylsilyljacetamide (BSA), N-
methyl-N-{trimethylsilvl trifluoroacetamide (MSTFA), and N,O-bis(trimethvlsilyl}-
trifluoroacematide (BSTFA) are the main reagents used in the derivatization process
{Robbins 2003). Gas chromatography is often coupled to mass spectrometers. Re-
cently Stalikas (2007) has reviewed the use of this technique in the field of phenolic
acids and flavonoids analysis. Traditionally, GC-MS studies have been carried out
using a flame ionization detector (FID): however, in recent years there have also been
studies that used electron impact ionization. Additionally, an important variability has
heen shown concerning the chromatographic conditions, including different kinds of
columns and temperature range. The author reported 12 representative studies, in-
cluding seven related to fruit and vegetables, as examples of sample preparation and
gas chromatography methods. These studies include the analysis of phenolic acids,
such as gallic acid, vanillic acid, or coumnaric acid from plant extracts, and flavonoids
such as kaempferol or quercetin from Vitis vinifera, or pelargonidin and cyanidin from
grapefruit. In this context. the GC-FID has been applied to identify and quantify the
phenolic content in mangosteen fruits (Zadernowski and others 2009),

Liquid Chromatography-Mass Spectrometry

Liguid chromatography, coupled to the different ionization sources, is generally the
technique most used to characterize the phenolic profile in fruit and vegetable products.
With regard to the source ionization, it seems that ESI 1s used more frequently than
other sources, such as APCI or APPL. Another important aspect of this technique is
the ionization of phenolic compounds. Negative ionization seems to be more suitable
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than positive: however, positive mode could provide additional information, especially
in studies dealing with the identification of unknowns. The LC is frequently coupled
to tandem mass (MS-MS), producing a fragmentation of targeted or untargeted com-
pounds and resulting in a different daughter fragment that could be used to correctly
identify and also quantify phenolic compounds. A review of the fragments observed
in both positive and negative ionization modes for some selected flavonoid classes has
been carried out by de Rijke and others (2006).

The main MS/MS techniques are precursor ion, product ion, and neutral loss. In
addition it is possible to carry out MS" experiments using an ion trap { Kang and others
2007). In this context, de Rijke and others (2003) carried out astudy with 135 flavonoids,
comparing different ionization sources and different analyzers. Among the results, the
authors showed that the main fragmentations observed in the MS spectra on the 1on
trap, or the tandem MS spectra on the triple-quadrupole, were generally the same.

The LC-MS/MS technique has been used to quantify and identify phenolic com-
pounds. In order to guantify, multiple reaction monitoring (MEM), in which there
is a combination of the precursor ion and one of its daughter fragments, is used to
characterize a particular compound. This behavior should be as specific as possi-
ble in samples with a complex mixture of phenolic compounds. This technigue has
been largely used to quantify phenolic compound metabolites in urine and plasma.
(Urpi-Sarda and others 2005, 2007). In this context, LC-ESI-MS/MS with negative
mode has been applied for the identification of a variety of phenolic compounds
in a cocoa sample (Sanchez-Rabaneda and others 2003; Andrés-Lacueva and others
2000).

During the past few years an important challenge in the LC-MS of flavonoids
has been to optimize the analytical procedure in order to achieve structure elucida-
tion (Cuyckens and Claeys 2002). Specifically, an important effort has been made to
study the glycosylation pattern of favonoids. Stobiecki reported the application of
different MS techniques to favonoid analysis (Stobiecki 2000). Likewise, Claeys and
co-workers carried out an exhaustive study, under different conditions, of the intergly-
cosidic linkage in O-diglycosides by tandem MS techniques (MS/MS) (Cuyckens and
Claeys 2004, 2005 Cuvckens and others 2003). In this context, Ferreres and others
(2004) have shown that it is possible to differentiate the (1—2) and {1 — 6) intergluco-
sidic linkages and to distinguish among the flavonoid isomers with two glucoses, three
glucoses, and four glucoses. These authors have proposed the LC-MS" as a powerful
tool to characterize the O-glycosylated C-glycosyl flavones. The study of the relative
abundance of the main 10ns from the MS2 and/or MS3 fragmentation events allows for
the differentiation of the position of the O-glycosylation, either on phenolic hydroxyl
or on the sugar moiety of C-glveosylation (Ferreres and others 2007).

Several studies reflect the widespread use of the LC-MS" for the characterization
of phenolic acids, predominantly chlorogenic acids (Clifford and others 2003, 2005,
2006a.b.c). For example, using LC-MS itis possible to discriminate between different
isomers of coumaroylquinic acid, caffeoylquinic acid, and feruloylquinic acid. In ad-
dition, a hierarchical key was proposed to facilitate the process of identification when
standards are not available (Clifford and others 2003),

In some studies the LC has been coupled to triple gquadrupole and time-of-fight de-
tectors. Moco and others (2006) used this technigue to study phytochemicals including

25



Antecedents Bibliografics

Phenolic Compounds: Chemistry and Occurrence in Fruits and Vegetables 63

flavonoids from tomato samples. In fact, the results have been compiled in a database

called “MoTo.”

Direct Infusion Mass Spectrometry (DIMS)

In some cases liquid chromatography fails to separate some polvphenol compounds
(i.e.. proanthocyanidins), hampering their correct analysis. Some studies have sug-
gested direct mass spectrometry as a possible solution. A recent study of the evaluation
of the main phenolic components of grape juices was carried out using direct infusion
mass spectrometry as well as ESI-MS in negative mode (Golliicke and others 2008).
MeDougall and others (2008) reported that DIMS in both negative and positive modes
could be applied to rapidly assess differences in the polyphenol content of berries.

Matrix-Assisted Laser Desorption lonization Time-of-Flight Mass
Spectrometry (MALDI-TOF)

The MALDI-TOF technique was first developed for the analysis of large biomolecules
{Karas and others 1987). This technique presents some interesting characteristics.
Of these, the high speed of analysis and the sensitivity of the technique have been
pointed out as important advantages compared with other methods. In MALDI
the samples are cocrystallized with a matrix that is usually composed of organic
compounds, such as 3,5-dimethoxy-4-hydroxycinnamic acid (sinapic acid), 2’46/
trihvdroxyacetophenone, a-cyvano-4-hydroxycinnamic acid (alpha-cyano or alpha-
matrix), and 2,3-dihydroxybenzoic acid (DHB). After the cocrystallization, the laser
15 fired and the matrix absorbs energy and allows a soft 1onization of the samples.
Afterward the ions are analyzed by a TOF mass spectrometer.

This technique has been successfully applied for the analvsis of different kinds of
polyphenols from different sources. Reed and others (2003) studied the oligomeric
polyphenols in foods. Recently MALDI-TOF MS was applied to characterize almond
skin proanthocyanidins, revealing the existence of a series of A- and B-type procyani-
dins and propelargonidins up to heptamers (Monagas and others 2007). The application
of MALDI-TOF to soya products provides an isoflavone profile in a few minutes and
serves as a powerful tool to identify and study the processing changes of isoflavones
in these products (Wang and Sporns 2000b). Likewise, it has been used to characterize
flavonel glycosides (Wang and Sporns 2000a).

Other Methods for Identification and Quantification

Nuclear Magnetic Resonance Spectroscopy (NMR)

LC-NMR plays a central role in the on-line identification of the constituents of crude
plant extracts (Wolfender and others 2003). This technique alone, however, will not
provide sufficient spectroscopic information for a complete identification of natu-
ral products, and other hyphenated methods, such as LC-UV-DAD and LC-MS/MS,
are needed for providing complementary information. Added to this, LC-NMR ex-
periments are time-consuming and have to be performed on the LT peak of in-
terest. identified by prescreening with LC-UV-MS. NMR applied to phenolic com-
pounds includes 'TH NMR. *C NMR, correlation spectroscopy (COSY ), heteronuclear
chemical shift correlation NMR (C-H HECTOR.), nuclear Overhauser effect i the
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laboratory frame (NOESY), rotating frame of reference (ROESY ), total correlation
spectroscopy (TOCSY) (Escribano-Bailon and Santos-Buelga 2003), heteronuclear
multiple-quantum coherence (HMQU), and heteronuclear mulaple-bond correlation
(HMBC)(Es-Safi and others 2008).

Electrochemical Methods
Electrochemical detection is sensitive and selective, and it gives useful information
about polyphenolic compounds in addition to spectra obtained by photodiode array
detectors. Differences in electrochemically active substituents on analogous struc-
tures can lead to characteristic differences in their voltammetric behavior. Because
the response profile across several cell potentials is representative of the voltammet-
ric properties of a compound, useful qualitative information can be obtained using
electrochemical detection (Aaby and others 2004).

These methods can be used to determine redox potentials of phenolics, identify the
mechanism of oxidation, identify a flavonoid based on comparison with a standard,
and determine redox potentials for unknown phenolics (Escribano-Bailon and Santos-

Buelga 2003).

Coulometric Array Detection

The multichannel coulometric detection system serves as a highly sensitive tool for
the characterization of antioxidant phenolic compounds because they are electroactive
substances that usually oxidize at low potential. The coulometric efficiency of each
element of the array allows a complete voltammetric resolution of analytes as a function
of their oxidation potential. Some of the peaks may be resolved by the detector even if
they coelute (Floridi and others 2003).

Photodiode Array (DAD) Detectors

Food and plant phenolics are commonly detected using DAD detectors (Tan and others
2008). Photodiode array detection allows collection of the entire UV spectrum during
the elution of a chromatographic peak, which makes it possible to identify a phenolic
compound by its spectra. Simple phenols, phenolic acids, flavanones, benzophenones,
isoflavones, and flavan-3-ols have maximum absorbance at 280 nm, hydroxyeinnamic
acids at 320 nm, Havonols, flavones, and dihydroflavonols at 365 nm, and anthocyanins
at 320 nm (Ibern-Gomez and others 2002; Merken Hand Beecher 2000). Hydrolyz-
able tannins show a characteristic shoulder at 300 nm, suitable for identifying them
{ Arapitsas and others 2007). For stilbenes, maximum absorbance of trans-forms are at
306 nm and at 285 nm for cis-forms (Lamuela-Raventas and others 1995).

Spectrophotometric Assays for the Determination of Specific Phenolic Groups
A number of spectrophotometric methods for the quantification of phenolic compounds
in plant materials have been developed. Based on different principles, these assays are
used to determine various structural groups present in phenolic compounds. Spec-
trophotometric methods may quantify all extractable phenolics as a group (Marshall
and others 2008), or they may determine a specific phenolic substance such as sinapine
(Ismail and Eskin 1979) or a given class of phenolics such as phenolic acids (Brune
and others 1989,
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Determination of Total Phenolics

Folin-Denis Assay

The Folin-Denis assay is used as a procedure for the quantification of total phenolics in
plant materials, food, and beverages. Reduction of phosphomolybdic-phosphotungstic
acid (Folin-Denis) reagent to a blue-colored complex in an alkaline solution occurs in
the presence of phenolic compounds (Folin and Denis 1912).

Folin-Ciocalteu Assay

The Folin-Ciocalteu assay is the most widely used method to determine the total content
of food phenolics (Heck and others 2008). Folin-Ciocalten reagent is not specific and
detects all phenolic groups found in extracts, including those found in extractable
proteins. A disadvantage of this assay 1s the interference of reducing substances, such
as ascorbic acid (Singleton and others 1999). The content of phenolics is expressed as
gallic acid or catechin equivalents.

Determination of Proanthocyanidins

Vanillin Assay

The vanillin method is based on the condensation of the vanillin reagent with proantho-
cyvanidins in acidic solutions. Protonated vanillin, a weak electrophilic radical, reacts
with the flavonoid ring at the 6- or 8-position. The vanillin reaction is affected by the
acidic nature and concentrations of substrate, the reaction time, the temperature, the
vanillin concentration, and water content (Sun and others 1998).

Proanthocyanidin Assay

The proanthocyanidin assay is carried out in a solution of butanol-concentrated hy-
drochloric acid, where proanthocyanidins (condensed tannins) are converted to antho-
cvanidins (products of autoxidation of carbocations formed by cleavage of interfla-
vanold bonds) (Matus-Cadiz and others 2008).

Determination of Hydrolyzable Tannins

The most widely used method is based on the reaction between potassium iodate
and hydrolyzable tannins (Hartzfeld and others 2002). This method provides a good
estimate for gallotannins but underestimates the content of ellagitannins.

Other analytical assays proposed for the quantification of hydrolyzable tannins in
plant materials include the rhodanine assay for the estimation of gallotannins ( Berardini
and others 2004} and sodium nitrate for the quantitative determination of ellagic acid
(Wilson and Hagerman 1990).

Determination of Anthocyanins

Quantification of anthocyanins takes advantage of their characteristic behavior in acidic
media; anthocyanins exist in these media as an equilibrium between the colored oxo-
nium ion and the colorless pseudobase form. Using an average extinction coefficient,
the total content of anthocyanins may be estimated from the absorption of the total
extracts at 5320 nm (Moskowitz and Hrazdina 1981).
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Determination of Flavan-3-ols

DMACA {4-{Dimethylamino)-cinnamaldehyde) Assay

DMCA Assay is used to quantify catechins, and it is based on the formation of a green
chromophore between catechin and 4-{dimethylaminojcinnamaldehyde (DMACA)
{Polster and others 2003).

New Methods in Development

New detection methods of phenolic compounds are being developed. Based on the
principle of the enzyme-linked immunosorbent assay (ELISA), a method has been
developed to quantify phenolic compounds such as isoflavones (Vergne and others

2007).

Occurrence

Polyphenols represent a wide variety of diverse structures from different subclasses,
which 1s why it 1s difficult to estimate the total polyphenol content in fruit and veg-
etables. Many phenolic compounds escape HPLC/UV quantification because of the
presence of unidentified compounds leading to underestimation of total polyphenol
content. The fruits with the highest polyphenol concentrations are strawberries, ly-
chees, and grapes (=180 mg of gallic acid equivalent (GAEV100 g fresh weight
(FW)): the vegetables with the highest concentration are artichokes, parsley, and
Brussels sprouts (=230 mg of GAE/100 g FW); melons and avocados have the lowest
polyphenol concentration {Brat and others 2006).

Flavonoids

Flavonols

Flavonols are the most frequent flavonoids in foods (Manach and others 2004). Ca-
pers are the main source of flavonols (contaiming up to 490 mg/100 g FW) (US
Department of Agriculture 2007a). Other abundant sources (ranging between 10 and
100 mg/100 ¢ FW) are onions, kales, berries, and some herbs and spices (US De-
partment of Agriculture 2007a). Cocoa, brewed tea, and red wine are also good di-
etary sources of flavonols, at 30 (Lamuela-Raventds and others 2001, 4.5, and 3.1
mg/100 mL FW, respectively (US Department of Agriculture 2007a). Flavonols are
mainly accumulated in the outer tissues of fruits and vegetables because their syn-
thesis is stimulated by sunlight (Manach and others 2004). Flavonols are found in
glycosylated forms, and their bioavailability depends on their sugar moiety (Holl-
man and others 1997). Quercetin and kaempferol are the main sources of flavonols
{Manach and others 2004). The highest dietary sources of quercetin are capers, fol-
lowed by onions, asparagus, berries, and lettuce (Table 2.1). In many other vegetables
and fruits, quercetin is frequently present in low concentrations around 0.1 and 3
mg/100 g FW (US Department of Agriculture 2007a). Vegetables (0.1-26.7 mg/100
g FW) and some spices, such as chives. tarragon. and fennel (6.5-19 mg/100 g FW),
are characteristic sources of kaempferol, whereas fruits are a poor source (down to
0.1 mg/100 g) (US Department of Agriculture 2007a). Myrcetin, which is the third
most abundant flavonol, 15 found 1n some spices, such as parsley, fennel, and oregano
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Table 2.1. Flavonoids in fruits and vegetables
Subclass Polyphenol  Food Content Reference
mig/1{)
g F'W
Flavonols Quercetin Onions 214 US Department of Agricalture 2007a
Asparagus 124
Berries 10.7
Lettuce 7.1
Kaempferol Kale 26.7 US Department of Agriculture 2007a
Endive 101
Spinach 7.6
Berries 04
Myricetin Berries 57 US Department of Agricalture 2007a
Grape 04
Red cabbage 02
Isorhamnetin  Onions 50 US Department of Agricalture 2007a
Pears 03
Flavones Apigenin Artichokes 47 US Department of Agricalture 2007a
Celery 23
Red onion 04
Lettuce 0.16
Luteolin Pepper 50 US Department of Agricalture 2007a
Artichokes 23
Red grape 1.3
Oranges 1.1
Flavonones  Eriodictyol  Lemon, raw 214 US Department of Agriculture 2007a
Lemaon, juice 49
Orange, juice 2
Hesperetin -~ Lime, raw 430 US Department of Agricalture 2007a
Lemon, raw 279
Orange, raw 273
Citric froit, juice 105
Maringenin  Grapefruit, raw 213 US Department of Agricalture 2007a
Orange, raw 153
Artichokes, raw 12.5
Ripe tomatoes, raw (0.7
Isoflavones  Genistein Soya bean 64.8 U5 Department of Agriculture 2007k
Sova milk 6.1
Tofu 133
Daidzein Soya bean M5 U3 Department of Agriculture 2007h
Sova milk 45
Tofu 8.5
Glycitein Sovya bean 13.8 US Department of Agricalture 20070
Sova milk 0.6
Tofu 23
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Table 2.1. (Continued)

Suhbclass Poly phenol Food Content  Reference
mg."lllll
W
Flavan-3-ols  Catechin Peaches 12.2 US Department of Agriculture 2007a
Berries 1.z
Red grape 10.1
Bananas 6.1
Epicatechin Eed grape 87 US Department of Agriculture 2007a
Apricot 5.5
Apples 55
Epigallocatechin  Peaches 1.1 US Department of Agriculture 2007a
Apples 1.0
Berries 0.6
Epicatechin 3 Eed grape 28 US Department of Agriculture 2007a
gallate Plums 0.8
Apples/Pears 0.01
Epigallocatechin Apples 0.5 US Department of Agriculture 2007a
3-gallate Berries 0.6
Plums 0.4
Gallocatechin Berries 0.5 US Department of Agriculture 2007a
Plums 0.1
Pomegranate/ 0.z
persimmons
Proantho- Dimers Berries 9.5 Gu and others 2004; TS Department
cyanidins Plums 3001 of Agriculture 2004
Apples 1.3
Peachesfapricotf 6.2
nectarines
Kiwi 1.1
Trimers Berries T Gu and others 2004; TS Department
Plums 209 of Agriculture 2004
Apples 7.1
Peachesfapricotf 2.3
nectarines
Kiwi
4-Bmers Berries 235 Gu and others 2004; TS Department
Plums 57.8 of Agriculture 2004
Apples 2
Peachesfapricotf 9.5
nectarines
Kiwi 32
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Table 2.1. {Continued)
Subclass Polyphenol Food Content  Reference
mg/1{)
g FW
T-10mers Berries 219 Gu and others 2004; US Department
Plums 338 of Agriculture 2004
Apples 208
Peaches/apricat! 5.6
nectarines
Kiwi 2.4
Polymers Berries 1517 Gu and others 2004; US Department
Plumns 573 of Agriculture 2004
Apples 29.7
Peachesfapricat!  10.1
nectarines
Kiwi 0
Antho- Cyanidin Berries 189.9 US Department of Agriculture 2007a
cyanidins Plumns 12.0
Red cabbage 729
Delphinidin Berries 97.9 US Department of Agriculture 2007a
Eggplant 13.8
Red grape 37
Malvidin Blueberries 6l.4 US Department of Agriculture 2007a
Red grape 347
Pelargonidin Strawberries 313 US Department of Agriculture 2007a
Radish 257
Petunidin Berries 3309 US Department of Agriculture 20072
Red grapes 21
Peonidin Berries 215 US Department of Agriculture 2007a
Cherries 4.5
Red grape 29

(2-19.8 mg/100 g FW), and it is also present in brewed tea (0.5-1.6 mg/100 mL
FW) and red wine (0-9.7 mg/100 mL FW) (US Department of Agriculture 2007a).
In fruits it is only present in high concentrations in berries, whereas in most fruits
and vegetables it 1s found with a content of less than 0.2 mg/100 g FW (see Ta-
ble 2.1). Isorhamnetin is the least abundant flavonol; it has been detected in a few
foods, such as some spices: fennel 9.3 mg/100 g FW, chives 5.0-8.5 mg/100 g FW,
tarragon 3 mg/100 g FW: in almonds it ranged between 1.2 and 10.3 mg/100 g FW
(US Department of Agriculture 2007a). In vegetables and fruits 1t is only present in
onions and pears (see Table 2.1).
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Flavones

Flavones are widely present, in a small quantity, in foods of plant ongin. Some spices,
such as parsley, thyme, and oregano, have a range of 25 to 630 mg/100 g FW and
are the most important sources of flavones (US Department of Agriculture 2007a).
Flavones consist basically of apigenin and luteolin glycosides (Manach and others
2004). Apigenin 1s mainly present in vegetables, such as artichokes, celery. red onion,
and lettuce (see Table 2.1). However, luteolin is present in both vegetables and fruits
izee Table 2.1).

Flavanones

Citric fruits, both raw and as derived products, such as juices and jams, are the main
sources of flavanones (Manach and others 2004, In lesser concentrations we also found
eriodictyol in almonds (0.03-0.6 mg/100 g FW), hesperitin in mint (0-21.9 mg/100 g
FW), and naringenin in artichokes and ripe tomatoes (0=22.9 and (0~1.5 mg/100 g FW,
respectively) (US Department of Agriculture 2007a). Naringenin is the most abundant
flavanone present in grapefruit, and hesperitin in lime, whereas orange contains notable
amounts of both hesperetin and naringenin. Eriodicyol is the characteristic flavonone
of lemon and lemon juice (see Table 2.1). Flavanones are usually glycosylated at
position 7 by a disaccharide (nechesperidose, rutinose ) or, in a minor percentage. by a
monosaccharide (glucose) (Tomas-Barberan and Clifford 2000).

Isoflavones

Isoflavones occur almost exclusively in leguminous plants (Manach and others 2004).
Soya bean and its processed products, such as soya milk, tofu, tempeh, and miso, are
the main source of genistein, daidzein, and glycetin (US Department of Agriculture
2007b). We can also find isoflavones in lower concentrations in beans and broadbeans
(0.01 to 004 mg/100 g FW) (US Department of Agriculture, 2007h). Isoflavones
have not been detected to date in fruits and vegetables (US Department of Agricul-
ture, 2007k). In foods, isoflavones occur in four forms: aglycone, 7-O-glucoside,
6"-O-acetyl-T-O-glucoside, and 6"-O-malonyl-7-0O-glucoside (Coward and others
[998).

Anthocyanidins
Anthocyanidins provide the characteristic red-blue colors of most fruits and vegetables.
Berries are the main dietary source of anthocyanidins (66.8-947.5 mg/100 g FW) (US
Department of Agriculture 2007a).Other fruits, such as red grapes, cherries, and plums,
and some vegetables, such as red cabbage, red onions, radish, and eggplant, are also
sources of anthocyanidins, with contents ranging between 2 and 150 mg/100 g FW
(US Department of Agriculture 2007a). Anthocyanidins are poorly distributed (<10
mg/100 g FW) in other fruits, such as peaches, nectarines, and some kinds of pears and
apples (US Department of Agriculture 2007a). The anthocyanidin content increases
as the fruit nipens. These polyphenols are found mainly 1n the skin, except in berries,
where they are present in both skin and flesh (Manach and others 2004).

Berries, such as blueberries, bilberries, and black currants, are the main sources of
cyanidin, delphinidin, malvidin, peonidin, and petunidin. Malvidin is the characteristic
anthocyanidin of red grape and red wine. Plums, cherries, and red cabbage are rich n

33



Antecedents Bibliografics

Phenolic Compounds: Chemistry and Occurrence in Fruits and Vegetables 71

cyanidin, whereas eggplant is a good source of delphinidin. Pelargonidin is the most
abundant anthocyanidin occurring in strawberries and radishes (see Table 2.1).

Flavan-3-ols

Flavan-3-ols are found in many types of fruit, red wine, beer, and nuts, but tea and
chocolate are by far the richest sources (Manach and others 2004). A few vegeta-
bles present flavan-3-ols contained at very low concentrations (down to 1.5 mg/100
g FW) (US Department of Agriculture 2007a). In contrast to the main classes of
Havonoids, flavan-3-ols are found as aglycones in foods (Manach and others 2004).
Catechin and epicatechin are the most frequently occurring flavan-3-ols in foods, such
as tea (=70 mg/100 mL FW), cocoa powder (19.7-127.7 mg/100 g FW) (Andrés-
Lacueva and others 2008), red wine (0.2-35.6 mg/100 mL FW), nuts (0—4 mg/100 g
FW), beer (0-10 mg/100 mL FW), and fruits (LIS Department of Agriculture 2007a).
Catechin and epicatechin are present in many fruits at concentrations of .5-3 and
0.5-6 mg/100 mL FW, respectively (see Table 2.1). Epigallocatechin, epicatechin 3-
gallate, epigallocatechin 3-gallate, and gallocatechin are found in several fruits, such
as berries, red grapes, plums, apples, and peaches, normally at very low concen-
trations (less than 1 mg/100 g FW) (see Table 2.1): however, they are present in
high amounts 1n tea (6.8-395 mg/100 g FW) (US Department of Agriculture 2007a).
Chocolate 1s also a good source of epigallocatechin. Theaflavin (0-5.3 mg/100 mL
FW), thearubigins (7.8-139 mg/100 mL FW), theaflavin 3-3'-digallate (0.9 mg/100
mL FW), theaflavin 3'-gallate (0—.1 mg/100 mL FW), and theaflavin 3-gallate (0-3.2
mg/100 mL FW) are favan-3-ols that are detected only n tea (US Department of
Agriculture 2007a). These concentrations occur in brewed tea; in tea leaves the content

is between 30- and 100-fold more than brewed tea (US Department of Agriculture
2007a).

Proanthocyanidins

Proanthocyanidins (PAs), also known as condensed tannins, are oligomeric and poly-
meric flavan-3-ols. Procyanidins are the main PAs in foods; however, prodelphinidins
and propelargonidins have also been identified (Gu and others 2004). The main food
sources of total PAs are cinnamon, 8084 mg/100 ¢ FW, and sorghum, 3937 mg/100
g FW. Other important sources of PAs are beans, red wine, nuts, and chocolate, their
content ranging between 180 and 300 mg/100 g FW. In fruits, berries and plums are
the major sources, with 213.6 and 199.9 mg/100 g FW, respectively. Apples and grapes
are intermediate sources of PAs (60 to 90 mg/100 g FW), and the content of PAs in
other fruits is less than 40 mg/100 g FW. In the majority of vegetables PAs are not
detected. but they can be found in small concentrations in Indian squash (14.8 mg/
100 g FW) {Gu and others, 2004; US Department of Agriculture, 2004 ).

Table 2.1 shows the PA content in groups of fruits classified in dimers, trimers,
4-6bmers (tetramers, pentamers, and hexamers), 7-10mers (heptamers, octamers, non-
amers, and decamers), and finally polymers (more than 10 monomers). Polymers and
4-6mers are the most common PAs in fruits.
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Nonflavonoics

Simple Phenols

Before the ageing process wine contains small quantities of volatile phenols, which
increase significantly during the time of contact with the wood, especially over the
first 12 months. The use of oak wood during the ageing of wines has a great influence
on wine composition, especially on volatile substances that are extracted from the
wood, affecting its organoleptic properties. Some of these volatile compounds suscep-
tible to migration from oak wood to wine are eugenol, guaiacol, and 4-ethylguaiacol
(Fernandez de Simon and others 2003). The formation of 4-vinylguaiacol in coffee
beans starts immediately at the beginning of the roasting process. The evolution of
this compound during roasting is highly dependent on temperature (Baggenstoss and
others 2008).

Ferulic acid has been extensively studied as a precursor of p-vinylguaiacol, the most
detrimental oft-flavor that forms in orange juice during storage (Rapisarda and others
1998).

Virgin olive oil contains considerable amounts of simple phenols that have a great
effect on the stability/sensory and nutritional characteristics of the product. Some of
the most representative are hydroxytyrosol (3. 4-dihydroxyphenylethanol) and tyrosol
(4-hydroxyphenylethanol); however, phenolic compounds are removed when the oil is
refined (Tovar and others 2001). The phenolic content of virgin olive oil is influenced
by the variety, location, degree of ripeness, and type of o1l extraction procedure used,
and that 15 why hydroxytyrosol can be considered as an indicator of maturation for
olives (Esti and others 1998). Hyvdroxytyrosol concentrations are correlated with the
stability of the oil, whereas those of tyrosol are not (Visioli and Galli 1998).

Phenolic acids

The total phenolic acid content in rowanberry, as determined by HPLC, is 103 mg/100 g
FW. Besides rowanberry, the best phenolic acid sources among berries are chokeberry
(96 mg/100 g FW), blueberry (85 mg/100 g FW), sweet rowanberry (75 mg/100 g
FW), and saskatoon berry (39 mg/100 g FW). Among fruits, the highest contents
(28 mg/100 g FW) are determined in dark plum, cherry, and one apple variety (Valkea
kuulas). Coffee (97 mg/100 mL) and green and black teas (30~36 mg/100 mL) are the
best sources among beverages (Mattila and others 2006). Sinapinic acid was notable
(4.25 mg/100 ¢ FW) in Chinese cabbage, and protocatechuic acid had the highest
concentration of all the phenolic acids in white wine (L1 and others 1993).

Benzoic Aldehydes

Benzoic aldehydes mainly cover syringaldehyde and vanillin. Natural vanilla is pre-
pared from the seeds (beans) of Vanilla planifolia, which may contain some 21 mg/
100 g FW total phenols, including the major components vanillin (19.4 mg/100 g
FW), 4-hydroxybenzaldehyde (1 mg/100 g FW), and vanillic acid (0.4 mg/100 g FW)
(Clifford 2000b). In mango, vanillin has been found as “free” as well as vanillyl glu-
coside (Sakho and others 1997). It has also been found in lychees (Ong and Acree
1998) and wines (Moreno and others 2007). For analysis of both brandy and wine
aged in cak barrels, the limits of detection were found to be 27.5, 14.25, 14.75, and

35



Antecedents Bibliografics

Phenolic Compounds: Chemistry and Occurrence in Fruits and Vegetables 73

19.75 pg/100 mL for synngaldehyde, coniferaldehyde, sinapaldehyde, and vanillin,
respectively (Panossian and others 2001).

Hydrolyzable Tannins

The potent antioxadant properties of pomegranate juice have been attributed to its high
content of punicalagin isomers, unique ellagitannins that can reach levels exceeding
200 mg/100 mL juice (Cerda and others 2003a,b). Total hydrolyzable tannins in barley
four, oak wood, and green tea were determined spectrophotometrically as 870, 1120,
and 390 mg/100 g, respectively (Taubert and others 2003). Grape seed extract has
a high tannin content of 535.6 mg/100 g (Ahn and others 2002). Persimmon 1s the
edible fruit of a number of species of trees of the genus Diospyros in the ebony wood
family (Ebenacea). Persimmon seed extract has a tannin content of 377.37 4 0.66 mg/
100 g (Ahn and others 2002). Although citrus fruits do not themselves contain tannins,
orange-colored juices often contain food dyes with tannins. Apple juice, grape juice,
and berry juices are all high in tannins. Most legumes contain tannins. Red-colored
heans contain the most tannins, and white-colored beans have the least. Chickpeas,
also known as garbanzo beans, have a smaller amount of tannins (Reed 1993).

Acetophenones and Phenylacetic Acids

Phenylacetic acid has been detected in fermented soya bean made with the strain
Bacillus licheniformis as a starter, but has not been present in extracts of nonfermented
soya bean. The phenylacetic acid produced by Bacillus licheniformis during the fer-
mentation of soya bean is one of the main compounds of antimicrobial activity of
Chungkook-Jang, a traditional Korean fermented-soyva bean food with antimicrobial
properties (Kim and others 2004).

Hydroxycinnamic Acids

The most common hydroxycinnamic acid derivatives are p-coumaric (4-hydroxy-
cinnamic), caffeic (3,4-dyhydroxycinnamic), ferulic (4-hydroxy-3-methoxycinnamic),
and sinapic (4-hydroxy-3,5-dimethoxycinnamic) acids, which frequently occur in
foods as simple esters with quinic acid or glucose (Mattila and Kumpulainen 2002),

Hydroxycinnamic acids are found in all parts of fruit and vegetables, even though
the highest concentrations are observed in the outer part of mature fruits, although con-
centration decreases during ripening (Manach and others 2004). An overlong storage
period of blood orange fruits induces extensive hydrolysis of hydroxycinnamic deriva-
tives to free acids, and these, in turn, could develop the malodorous vinylphenols,
which are an indication of too-advanced senescence in blood orange fruits (Rapisarda
and others 2001 ).

Caffeic acid is generally the most abundant hydroxycinnamic acid in fruit and veg-
etables. The richest sources are coffee (drink), lettuce, carrots, blueberries, blackberries,
cranberries, sweet potatoes (whole, cooked and raw) and potatoes (Table 2.2). Prunes,
peaches, orange juice, apples, tomatoes, grapes, and grape products (Betés-Saura and
others 1996) also contain small quantities of caffeic acid.

Ferulic acid is the most abundant hydroxycinnamic acid in cereal grains. The content
in wheat grain is approximately 800-2000 mg/100 g DW. It is found chiefly in the
outer part of the grain, in the trans form, which 1s transformed into arabinoxylans and
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hemicelluloses in the aleurone and pericarp (Manach and others 2004). Ferulic acid is
much less common than caffeic acid in fruit and vegetables. Broccoli, eggplant, and
asparagus are major sources of ferulic acid. Low concentrations of ferulic acid have
been reported in blueberries, blackberries, cranberries, orange juice, carrots, potatoes,
beetroot, apples, coffee. and others (see Table 2.2). p-Coumaric acid has been reported
in high quantities in broccoli, eggplant, and asparagus (Yeh and Yen 2003). Other
sources of p-coumaric acid are blueberries, cranberries, prunes, sweet cherries, and
orange juice. The highest contents of sinapic acid are found in citrus peel and seeds
and in some cranberry varieties. However, the contents in these fruits are clearly higher
than in orange juice (see Table 2.2).

The most famihiar hydroxycinnamate or ester of hydroxycinnamic acid 1s chloro-
genic acid (5-O-caffeoylquinic acid). Other forms of caffeoylguinic acids are
also found, namely 3-O-caffeovlquinic acid (neo-chlorogenic acid) andfor 4-0-
caffeoylquinic acid (crypto-chlorogenic acid) (Mattila and Kumpulainen 2002).
Chlorogenic acids are widely distributed in plants. They are a family of esters formed
between quinic acid and certain frams-cinnamic acids, most commonly caffeic, p-
coumaric, and ferulic. The coffee bean is remarkably rich, containing at least 30
chlorogenic acids that are not acylated at C1 of the quinic acid moiety (Clifford and
others 2006a,b.c). Coffee drink. apples, prunes, pears, and sweet cherries are the high-
est sources of chlorogenic acids. Moderately good values are found in sour cherries,
apricots, nectarines, peaches, quince, and potatoes (see Table 2.2). The concentration
of chlorogenic acid in the core of pears is greater than that in the peel. However, the
mean concentration of chlorogenic acid in the Oriental pear 1s 16.3 mg/100 g FW, less
than that found i the Occidental pear (30.9 mg/100 g FW) (Cut and others 20035).
Chlorogenic acid is the predominant phenolic in potato tubers, constituting up to 90%
of the total phenolic content. Chlorogenic acid in fresh-cut potatoes after 6 days in
cold storage varies between 7 and 30 mg/100 g FW (Truong and others 2007). For dry
Iyophilized potato powder, chlorogenic acid levels range from 3.28 to 637 mg/100 g
FW (Im and others 2008). Steam-cooked potato strips retain 42% of the initial chloro-
genic acid, whereas frying preserves only 24%. Boiled and microwaved potato retains
35% and 55% of the original amount, respectively (Tudela and others 2002).

Coumarins

Coumarin content in tonka seeds shows values of up to 300 mg/100 g FW (Chifford
2000b). A new coumarin, isoschininallylol, was 1solated from the fruits of Poncirus
trifoliata Raf. (Xu and others 2008). Bismurrangatin and murramarin A, two new
coumarins, were 1solated from the vegetative branches of Murrava evotica (Negi
and others 20035). The hydroxycoumarin scopoletin was isolated from seed kernels
of Melia azedarach L.. from which three other compounds, vanillin, 4-hydroxy-3-
methoxyeinnamaldehyde, and (4+/—)-pinoresinol, have also been isolated { Carpinella
and others 2005). Coumarins are found at high levels in some essential oils, particularly
cinnamon bark oil (700 mg/100 g), cassia leaf oil (up to 8730 mg/100 g), and lavender
oll. Coumarin is also found in fruits (e.g., bilberries and cloudberries), green tea, and
other foods, such as chicory (Lake 1999). Simple coumarins (esculetin and scopoletin)
may also be present in carrots, but in some cases the roots seem to be free of the
furanocoumarins (Mercier and others 1993). Parsnip root may contain some 4 mg/
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100 g total furanocoumarins (Wawrzynowicz and Waksmundzka Hajnos 1990). Celery
may contain a significant amount (up to 8.3 mg/100 g) but has a very variable quantity
of furanocoumarins, with simple coumarins (esculetin and scopoletin) contributing a
modest 0.1 mg/100 g (Diawara and others 1993). The total coumarin content (mainly
meranzin derivatives) of the flavedo of bitter orange, grapefruit, and pomelo is 710,
250 and 510 mg/100 g, respectively (McHale and others 1987). Scopoletin content is

particularly high in noni fruit juice (see Table 2.2).

Benzophenones

Benzophenones are distributed scarcely in foods. They are mainly present in the
Grarcinia genus, such as in fruits of Gareinia indica (Yamaguchi and others 2000)
and Gareinia cambogia (Masullo and others 2008), characteristic products of India.
Recently, benzophenone derivatives have also been identified i several by-products
of mango at low concentrations (0-13 mg/100 g FW) (Barreto and others 2008).

Xanthones

A total of 313 xanthones have been identified in 20 families of higher plants, mainly in
the Bonnetiaceae and Clusiaceae families ( Vieira and Kijjoa 2003). Mangosteen fruit,
a typical southeast Asian fruit, is the characteristic dietary source of xanthones (less
than 7-8 mg/100 g FW) (Walker 2007). Mangostin is a C-glucosylxanthone that is also
found in by-products of mango at high concentration levels (Barreto and others 2008).

Stilbenes

Stilbenes are present at low concentration levels in a few human foods. The most
representative stilbenes are resveratrol and its glycoside piceid; both stilbenes can be
found in cis and trans forms (Zamora-Ros and others 2007). Resveratrol and piceid
are characteristic polyphenols of grape (see Table 2.2) and grape products (Zamora-
Ros and others 2007, Manach and others 2004; Waterhouse and Lamuela-Raventos
1994), and their composition 1s affected by grape variety, degree of maturity at harvest,
fungal pressure, climate. and wine-making technology (Gonzilez-Barrio and others
2006; Romero-Pérez and others 2001, Mattivi and others 1993). They are also found in
peanuts (0.006 mg/100 g FW), pistachios (0.007 mg/100 g FW), and berries (0.008 mg/
100 g FW), but red wines (0,358 mg/100 mL FW) (Lamuela-Raventds and others 1995)

are by far the richest dietary sources (Zamora-Ros and others 2007).

Chalcones

Chalcones and dihydrochalcones have been reported in a restricted number of foods
{Robards and others 1999; Tomas-Barberin and Chifford 2000). Chalconaringenin oc-
curs in tomato skin, but the acid extraction conditions of the usual polyphenol analyses
convert the chalcone to the corresponding flavanone (naringenin) in the tomato. The
most common dihydrochalcones found in foods are phloretin glucoside {phloridzin)
and phloretin xylogalactoside, which are charactenistic of apples (see Table 2.2) and
derived products such as apple juice. cider, and pomace (Robards and others 1999;
Tomas-Barberan and Clifford 20007,
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Lignans

Lignsms are a diverse group of plant-derived compounds that form the building blocks
for plant cell walls. The richest source of lignans is flaxseed. Flaxseed contains
mainly secoisolaniciresinol (0.29-0.21 mg/100 g), but pinoresinol, lariciresinol, and
matairesinol are also present in substantial amounts (0.55-3.32 mg/100 g). Lignan
content in beverages (wine, beer, tea, coffee) has been found as follows: South African
red wine (91.3 pg/100 mL), French red wine (78.9 pg/100 mL), Ceylonese black tea
{(77.1 pg/100 mL), English-blend black tea (71.2 pg/100 mL), coffee (18-31 pg/
100 mL), sova milk (37.7 pg/100 mL), chocolate milk (2.2 pg/100 mL) (Milder and

others 2003). Lignans are also found in Brassica vegetables, kale, and fruits such as
apricot, strawbherry, peach, and pear (see Table 2.2).

Secoiridoids

Oleuropein (the most abundant bitter principle) and its analog ligstroside, both sec-
oiridoid biophenols, were extracted from Hojiblanca black olives (Piperno and others
2004). Secoiridoids are present exclusively in plants of the Oleraceae family (Tripoli
and others 2003). Oleuropein is present in high amounts (6000 £ 90 mg/100 g DW)
in the leaves of the olive tree (Le Tutour and others 1992), but it is also present n all
constituent parts of the fruit peel, pulp, and seed (Servili and others 1999).
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3.2 BIODISPONIBILITAT DELS COMPOSTOS FENOLICS.
3.2.1 Generalitats.

Existeixen varies definicions de biodisponibilitat. Unes la defineixen com
“lindex i grau en que un ingredient es absorbit i es torna disponible en el lloc
d’accio”; una altra definicié alternativa més habitualment usada en nutricio, és
“la fraccié del component consumit que apareix en la circulacid sanguinia”
(Erdman, Jr. et al. 2007).

Des del punt de vista de la nutricid, la biodisponibilitat s’expressa frequentment
com la proporcio de la dosi ingerida que és excretada en la orina comparada
amb l'excretada en femta (Rechner et al. 2002). En el cas dels compostos
liposolubles, no seran directament excretats en l'orina sind que apareixeran
com metabolits hidrosolubles. Part d’aquests compostos liposolubles poden
emmagatzemar-se en els teixits adiposos, de forma tal que la ingesta total
menys l'excrecié no reflectira la historia real del desti biologic d'aquests
metabolits (Tomés-Barberan 2003).

Per tant, en el present treball sempre que es parli de biodisponibilitat dels
polifenols es referira a un conjunt de processos: a l'alliberament i la digestio en
'estomac i en el tracte intestinal, al transport a través de la membrana intestinal
cap el corrent sanguini (absorcid), a la seva distribucié en els teixits, al seu

metabolisme i finalment a la seva eliminacio.

La biodisponibilitat dels polifenols difereix ampliament d’'un polifenol a un altre;
aquells més abundants en la nostra dieta i que ingerim amb ella, no sén
necessariament els que després trobarem en majores concentracions com a
metabolits actius en els nostres teixits (Manach et al. 2005b). L’estructura
quimica del polifenol determina el seu ratio d’absorcié a través del tracte

gastrointestinal, metabolisme i finalment la seva activitat biologica.

El 2005, Manach i col-laboradors, (Manach et al. 2005b) van recopilar dades de
97 estudis de biodisponibilitat, on s’havia investigat sobre la cinetica i capacitat
d’absorcié dels polifenols en humans després de que aquests ingerissin una

Unica dosi de polifenols en forma de compost pur, extracte vegetal o amb el
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mateix aliment o beguda que els contenien. Amb aquests 97 estudis van
descriure els valors mitjans de la concentraci6 maxima en plasma (Cmax), €l
temps per a arribar a aquesta Cnax, l‘area sota la corba de concentracio
plasmatica-temps (AUC), el temps mitja d’eliminacié i I'excrecio urinaria relativa

de 18 polifenols.

En aquesta publicaci6 van concloure que la majoria dels polifenols
s’'absorbeixen poc a través de lintesti i es metabolitzen extensivament o
s’eliminen rapidament. Els metabolits presents en la sang, resultats de la
digestié i de [lactivitat hepatica, generalment difereixen del seu compost
originari. Les concentracions plasmatiques dels metabolits totals varien des de
0 fins a 4 pmol/L amb un consum de 50 mg d’equivalents d’aglicones, amb una
excrecio urinaria relativa entre el 0.3% a 43% de la dosi ingerida, en funcio dels
polifenols. El temps de Cnax també difereix forca d’'un polifenol a un altre,

establint el rang entre 1.5h i 5.5h.

L'acid gal-lic i les isoflavones sén els polifenols millor absorbits pels humans,
seguits de les catequines, les flavonoles, i els glucosids de quercetina, pero
amb una cinetica diferent. Les pitjor absorbides son, les proantocianidines, les
galocatequines del te i les antocianines. Les dades d’absorcié per a altres
polifenols sén encara limitades (Manach et al. 2005b).

El metabolisme dels polifenols presenta aspectes comuns en els diferents
grups de compostos fenolics (Scalbert and Williamson 2000). Les aglicones
poden absorbir-se des de l'intesti prim, perd molts polifenols estan presents en
els aliments en forma d’ésters, glicosids o polimers que no poden ser absorbits
directament i han de ser préviament hidrolitzats pels enzims intestinals o la

microbiota colonica (Manach et al. 2005b).

Els polifenols que no sén absorbits en l'intesti prim arriben al colon, on els
enzims de la microbiota colonica hidrolitzen els glicosids en aglicones, aixi com
altres enzims que també permeten la metabolitzacié de les aglicones. S’ha
demostrat que la microbiota colonica pot metabolitzar ampliament els polifenols

produint aixi varis acids aromatics (Urpi-Sarda et al. 2009b).
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Durant el curs de l'absorcid, els polifenols sén conjugats en I'enterocit de
I'intesti prim i posteriorment en el fetge, donant-se principalment reaccions de
metilacio, sulfatacié i/o glucuronidacié. Aquest mecanisme de conjugacié és
molt eficac i, per tant, les aglicones estan gairebé sempre absents o en molt
baixes concentracions en l'organisme, després del seu consum a dosis
nutricionals (Manach et al. 2004). També cabria destacar que cada vegada més
augmenten els articles relacionats amb altres conjugacions com, per exemple,

la glutationizacié (Hong and Mitchell 2006).

La catecol-O-metil transferasa (COMT) catalitza la transferencia d’'un grup metil
de la S-adenosil-L-metionina als polifenols que tenen un grup catecol en la
seva estructura (Wu et al. 2002). La metilacié generalment passa en la posici
3' del polifenol, pero també es formen una menor proporcid de conjugats
metilats en la posicio 4'. Aquest enzim es troba en tots els teixits, pero la seva
major activitat és en el fetge i el rony6 (Piskula and Terao 1998). D’altra banda,
les sulfotransferases (SULT) catalitzen la transferencia d’un grup sulfat des de
la 3'-fosfoadenosin-5'-fosfosulfat a un grup hidroxil present en varis substrats

com els esterols, acids biliars i polifenols, entre altres.

Les UDP-glucuronosiltransferases son enzims de membranes localitzats en el
reticle endoplasmatic de molts teixits i que catalitzen la transferencia de I'acid
glucuronic a esterols, acids biliars, polifenols i altres constituents dietétics. La
glucuronidacio té lloc en los enterocits i després al fetge; s’han detectat al
voltant de 15 isoformes d’UDP-glucuronosiltransferases en humans que tenen
amples especificitats i diversa distribucié en teixits (Fisher et al. 2001). Per a la
majoria de polifenols, una elevada proporcié de glucuronids que es formen en
la mucosa intestinal es secreten al lumen intestinal, reduint aixi I'absorcio
d’aglicones (Silberberg et al. 2006). La proporcié secretada depéen del polifenol
i varia entre 0 y 52% (Crespy et al. 2003).

Els tres tipus de conjugacions varien en funcié de la naturalesa del substrat i de
la dosis ingerida. La sulfatacié té generalment una elevada afinitat i una baixa
capacitat comparada con la glucuronidacio. Per tant, quan la dosis ingerida
s’incrementa, té lloc un desplagament de la sulfatacié cap a la glucuronidacio
(Koster et al. 1981). La relacio entre la sulfatacioé i la glucuronidacié sembla que
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esta afectada per I'especie, el sexe i la matriu de I'aliment (Piskula 2000;Roura
et al. 2008).

Els metabolits dels polifenols, generalment no es troben lliures en el torrent
sanguini; lI'albimina és una de les proteines que actuen com a transportador
dels polifenols, pero la seva afinitat pels polifenols varia en funcié de la seva
estructura quimica. El grau d’unié a I'albimina pot tenir consequencies per al
rati d’eliminacié dels metabolits i per a la seva distribucié en les cel-lules i els
teixits. La concentracio cel-lular é€s proporcional a les concentracions de

metabolits lliures (Manach et al. 2004).

Els metabolits de polifenols poden seguir dos camins d’excrecio, la via biliar o
la via urinaria. Els d’alt pes molecular, que estan extensivament conjugats,
presenten una major probabilitat de ser excretats mitjancant la bilis, mentre que
els conjugats de menor pes s’excreten preferiblement per I'orina (Crespy et al.
2003). EIl total de metabolits excretats en orina es correlaciona amb les
concentracions plasmatiques maximes. Aquesta excrecidé és bastant elevada
per les flavanones dels fruits citrics (4-30%) i fins i tot més elevada per a les
isoflavones 16-66% (Manach et al. 2003).

Els percentatges d’excrecié d’altres polifenols, per exemple els antocians solen
ser molt baixos (0.005-0.1%) (Cui et al. 2006; Matsumoto et al. 2001); encara
que en un estudi anterior a aquests dos es van detectar elevades
concentracions d’antocians, de fins a un 5%, després del consum de vi negre
(Lapidot et al. 1998). Aquests valors baixos d’excrecié podrien indicar una

elevada excrecio biliar o un excessiu metabolisme d’aquests compostos.

En la segient figura 1 es pot observar un esquema de I'absorcio i metabolisme
dels polifenols, la formacio dels metabolits i conjugats en humans. La
degradaci6 d’algunes procianidines pot succeir a I'estomac per accié del medi
acid. Tots els polifenols experimenten un alt metabolisme al jeju i a l'li de
l'intesti prim. Els metabdlits resultants entren llavors a la vena porta per a ser
transportats fins el fetge on patiran més transformacions i conjugacions. Els
polifenols no absorbits a nivell de l'intesti prim arribaran llavors a lintesti gros
on podran ser degradats per la microbiota colonica donant lloc a acids fenolics
de baix pes molecular que podran ser reabsorbits posteriorment. La majoria de

metabolits s’eliminaran via renal. La distribucié d’aguests compostos a la
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ce

co

[-lula i teixits encara roman una mica incerta, donat a las baixes

ncentracions en les que es troben en plasma (Spencer 2003).

Polifenoles dietéticos
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Figura 1: Esquema de I'absorci6 i biotransformacio
dels polifenols de la dieta in vivo (Spencer 2003).
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3.2.2 Factors que afecten la biodisponibilitat i farmacocinetica dels

polifenols.

3.2.2.1 Els aliments com a matriu.

Els polifenols son consumits generalment com a components dels aliments que
els contenen, conjuntament amb altres macronutrients com les proteines,
hidrats de carboni, lipids, micronutrients i també amb altres compostos com
I'alcohol (Manach et al. 2004). La uni6 dels polifenols a certs components dels
aliments com proteines, lipids o polisacarids és possible, la qual cosa pot
afectar la seva absorcid. Els enzims i transportadors involucrats en I'absorcio i
metabolisme de polifenols poden veure's també induits o inhibits per la
preséencia de determinats micronutrients o xenobiotics de la dieta. A més, altres
efectes indirectes de la dieta sobre altres parametres de la fisiologia del tracte
digestiu (pH, fermentacid intestinal, excrecié biliar, transit intestinal, buidat
gastric, etc.) poden tenir també consequéncies en [l'absorcid d'aquests
compostos (Manach and Donovan 2004).

Existeixen relativament pocs estudis que hagin tractat de determinar la
influencia dels components dels aliments en la biodisponibilitat o
farmacocinética dels polifenols. Aquests estudis realitzats tant en humans com
en animals, mostren aquests components de la dieta que poden millorar
'absorcido dels polifenols. L'acid tartaric per exemple pot millorar la

biodisponibilitat dels polifenols del vi (Yamashita et al. 2002)

Els factors que donen lloc a una millor absorcié dels flavonoides, en particular,
la quercetina i els seus metabolits, s6n principalment la naturalesa del sucre
adherit, i en segon lloc, la solubilitat, modificat per I'etanol, greixos i
emulsionants. Les flavanones com I'hesperidina i els acids fenolics es veuen
fortament afectats pel tipus de sucre unit. Aquests Ultims es poden lligar de
forma covalent a la matriu de seg6 de cereal (Scholz and Williamson 2007).

En rates, la co-administracio de lipids tals com la lecitina i oli de soja o
emulsionants como éster de sacarosa d’acids grassos, ésters de poliglicerol
d’acids grassos i taurocolat de sodi no han tingut efectes estadisticament
significatius en l'absorcié de la quercetina, malgrat que aquests components

augmenten l'acumulacié de formes conjugades de la quercetina y de
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lisorhamnetina en plasma de rata. Tanmateix, la combinacié de lipids i
emulsionants millora I'absorcié de la quercetina significativament (Azuma et al.
2002).

L’administracié de 30 micromols de quercetina per kg de pes corporal en els
menjars de porcs en creixement, incrementa la biodisponibilitat en un 38%
(P<0.05) y el 12% (P>0.05) després de la ingesta d’'una dieta estandard de porc
suplementada amb triglicérids d'acids grassos de cadena mitjana y triglicérids
d’acids grassos de cadena llarga, respectivament, en comparaci6 amb una
dieta estandard (Lesser et al. 2006).

Visioli i col-laboradors, van comparar I'excreci6 humana d’hidroxitirosol (HT)
guan es consumeix com un component natural de I'oli d’oliva verge extra, quan
s’afegeix a I'oli d'oliva refinat, o quan s’afegeix al iogurt (com una aproximacio
d’aliment funcional). L’alta excrecié d’HT lliure (234% de HT administrat) va
suggerir que la hidrolisi de la oleuropeina (component fenolic majoritari de la
polpa de les olives verdes) administrada en humans es produeix in vivo. D’altra
banda, I'excrecié d'HT va ser molt més gran després de la seva administracio
com a component natural de I'oli d'oliva verge extra (44.2% del HT administrat)
que després de la addicié i administracié d'oli d’oliva refinat (23% de la HT
administrat) o iogurt (5.8% de la HT administrat) (Visioli et al. 2003).

Altres estudis reflecteixen com alguns components de la dieta poden disminuir
la biodisponibilitat dels polifenols o tenir efectes nuls sobre ells. Goldberg
col-laboradors, van provar leficiencia d’absorcié de tres dels components
polifendlics presents en el vi negre (trans-resveratrol, [+]-catequina i quercetina)
quan s’administra per via oral a humans sans. Cada polifenol es va administrar
de forma aleatoria a intervals de 4 setmanes en tres matrius diferents: vi blanc
(11,5% d’etanol), suc de raim y suc de verdures/homogeneizat. El trans-
resveratrol es va absorbir de forma més eficient que la [+]-catequina i la
quercetina. En aquest estudi es van observar alguns efectes significatius de la
matriu per a les concentracions seriques de polifenols; pero en el cas de I'orina,
les diferents matrius no van produir increments significatius. L’absorcio
d’aquests tres polifenols va ser aproximadament equivalent tant en la matriu

aquosa com l'alcoholica (Goldberg et al. 2003).
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L’avaluacio de I'activitat antioxidant de te verd i negre in vitro, amb i sense llet,
ha sigut provada en dos grups de cinc adults sans. Ambddés tes van inhibir la
peroxidacioé in vitro de forma dosis-depenent. El te verd va ser sis vegades més
potent que el te negre y l'addicié de llet a qualsevol dels tes no va modificar
apreciablement el seu potencial antioxidant in vitro. In vivo, la ingesti6 de te va
produir un augment significatiu de la capacitat antioxidant total del plasma (P
<0.05), similar en ambos tes. Quan el te es consumia amb llet, la seva activitat
in vivo va ser totalment inhibida (Serafini et al. 1996). No obstant aixd Roura i
col-laboradors, uns anys després, van avaluar la possible interacci6 de la llet en
I'absorcié de (-)-epicatequina de cacau en pols en 21 voluntaris sans. En
aquest estudi la llet no va alterar la biodisponibilitat dels polifenols del cacau en
pols (Roura et al. 2007b).

3.2.2.2 Altres factors que poden afectar la biodisponibilitat.

Existeixen altres factors que afecten I'absorcié i/o biodisponibilitat dels
polifenols dins dels quals es troben el sexe i I'edat. Cassidy i col., 2006, van
analitzar I'efecte de I'edat, el sexe i la matriu dels aliments en la biodisponibilitat
de les aglicones y glucosids d’isoflavones en les 3 diferents formes en que
estan presents naturalment en els aliments de soja, llet de soja, proteina
vegetal texturitzada i el tempeh (producte alimentari procedent de la
fermentacié de la soja que es presenta en forma de pastel), observant que
després d’administrar els diferents tipus d’aliments de soja, les concentracions
seriques d’isoflavones en tots els individus i grups es van incrementar
rapidament, observant-se concentracions seriques de genisteina superiors a
les concentracions de daidzeina. Les dones d’aquest estudi van arribar a un pic
de concentraci6 de daidzeina superior al dels homes, demostrant que les

dones tenen una major eficacia d’absorcié d’aquests compostos.

El consum de tempeh (que conté principalment aglicones d’isoflavones) déna
lloc a nivells més alts de daidzeina i genisteina en serum i una major area sota
la corba associada, en comparaci6 amb la proteina vegetal texturitzada
(principalment glucosids d’isoflavones). No obstant, la llet de soja s’absorbeix
més rapidament i els nivells maxims d’isoflavones provinents d’aquest aliment,

s’aconsegueixen abans que amb els altres aliments de soja. En aquest estudi
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no es van observar diferéncies en la produccidé d’equol amb I'edat o el sexe
(Cassidy et al. 2006).

Si bé el procés d’envelliment compromet la capacitat del cos per a obtenir els
nutrients dels aliments, la nutricié, al mateix temps afecta la manera en que les
persones envelleixen. Amb l'edat la capacitat d’absorcié dels diferents
components de la dieta va disminuint, ja sigui pel propi envelliment de les
cel-lules o per les diferents patologies que van apareixent amb els anys (Mirie
1997).

3.2.2.3 Efecte del processat dels aliments

El processat dels aliments normalment involucra tractament amb calor i/o
homogeneitzacidé, ambdds processos podrien trencar la matriu cel-lular de
'aliment. L’efecte sobre la matriu cel-lular determina la biodisponibilitat dels
diferents components funcionals, pero les dades publicades dels efectes del
tractament amb calor no son consistents. Van het Hof i col-laboradors, (van het
Hof et al. 2000a; van het Hof et al. 2000b) van trobar que el tractament amb
calor podia tenir un efecte perjudicial en el contingut en micronutrients dels
vegetals per0 a la vegada la biodisponibilitat de certs nutrients podia

augmentar.

Aixi mateix, Sahlin i col-laboradors, van mostrar que la coccié té un efecte
perjudicial en l'acid ascorbic, fenols totals, contingut en licope i capacitat
antioxidant. El fregit causa encara més peérdues d’antioxidants amb la
conseguent disminucid de l'activitat antioxidant, perd no tots els aliments
processats contenen menys antioxidants. D’aquesta manera, varis estudis han
observat que el processat i la coccidé poden facilitar I'extraccié del licope del
tomaquet (Sahlin et al. 2004). La matriu cel-lular determina la disponibilitat de
diferents nutrients i I'increment de disponibilitat pot ser degut a que els nutrients

es separen o s’extreuen de les seves estructures.

En alguns estudis que utilitzen aliments como la patata o el peix (Andrikopoulos
et al. 2002; Kalogeropoulos et al. 2007) s’ha observat que hi ha un intercanvi
entre els polifenols i I'aliment. En el peix fregit amb oli d’oliva verge, hi ha una
pérdua parcial d’antioxidants en I'oli mentre que les concentracions augmenten

en el peix. Les diferéncies en la polaritat dels antioxidants semblen governar la
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seva distribucio entre l'oli de fregida i I'aigua de I'aliment (Kalogeropoulos et al.
2007).

En el cas de bullir o cuinar a pressio es produeix un fenomen de lixiviaciéo que
condueix a una perdua del 64% de carotenoides totals i una perdua del 49%
dels fenols totals (Bunea et al. 2008). La concentracié dels acids fendlics és
més gran en las capes externes de la majoria de verdures i hortalisses
(Turkmen et al. 2005) i aquests son extremadament exposats a l'aigua de
coccio reduint el poder antioxidant d’alguns aliments com el pésol, els espinacs,

la coliflor i el cabdell de col (Andlauer et al. 2003).

No obstant aix0, malgrat que els fenols se solen emmagatzemar en les
verdures i hortalisses en xarxes de pectina o cel-lulosa, aquests poden ser
alliberats en el processament termic; alguns fenols individuals a vegades pot
augmentar ja que la calor pot trencar les estructures supramoleculars, alliberant
els sucres glicosids fenolics lligats, que reaccionaran millor amb el reactiu de

Folin-Ciocalteau (Bunea et al. 2008).

D’altra banda, I'ebullici6 pot disminuir I'activitat al disminuir I'acid ascorbic,
mentre que la major inactivitat es pot produir com a consequéncia de la
inactivacié dels enzims oxidatius com l'ascorbato oxidasa (Yamaguchi T et al.
2001). També, I'escalfament mitjangcant microones reté els components actius
en el teixit dels aliments cuits (Yamaguchi T et al. 2001). En el procés de
fregida amb oli doliva, els aliments perden aigua, per0 augmenta el seu
contingut d’a-tocoferol, polifenols i fins i tot acids terpénics de I'oli d'oliva
(Kalogeropoulos et al. 2007).

Jimenez-Monreal i col-laboradors, van mesurar la capacitat antioxidant per part
de 20 verdures i hortalisses sotmeses a ebullicio, pressié de coccid, fornejat,
cuinat en microones, a la planxa i fregit, expressada com la capacitat de
captacio de radicals hidroxil OHe, respecte a les mostres fresques (Jimenez-
Monreal et al. 2009). La remolatxa, la mongetera i l'all generalment van
mantenir la seva activitat antioxidant després dels diferents tractaments de
coccio. El pebrot, les bledes, les cols de Brusel-les i la col van tenir les majores
pérdues de la capacitat antioxidant. Mentre que I'api va augmentar la seva
capacitat antioxidant en tots els metodes de coccid, excepte en I'ebullicié que
va perdre un 14% (Taula 1).
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Taula 1: Percentatges de pérdua de la capacitat d’atrapar radicals OH[ Jen els
vegetals i hortalisses sotmesos a diferents metodes de coccid (Jimenez-
Monreal et al. 2009).

Metode de coccid

Vegetals Bullit cutt ?, Fornejat Microones Planxa Fregida
pressio
Carxofa 9.3+2.02 10.0+2.51 8.8+1.13 8.3+1.89 8.1+1.53 5.4+2.16
Esparrecs 9.1+1.46 9.6 £0.38 — 74+18 9.2 +£0.85 8.0+1.37
REINEINED — 82+1.72 8.0+ 1.00 — = ==
Fabes 145+£1.11 175125 139+1.21 149 +1.54 147 £1.22 15.6 £ 1.46

Broquil 152 +1.91 = = = 159+ 1.33 12.2+1.76

Col de
Brusel-les

Coliflor 322+153 28.4+1.33 27.4+1.45 10.4+1.95 = 17.0 +1.67

22.7+190 20.6+0.66 16.7 £1.31 18.3 £2.07 28.1+1.63 20.7+1.14

FENEDERERY 16.2+£1.56  19.0+1.71 22.5+1.66 = 12.9+1.60 20.1+£0.93
Api 13.8+1.03 -12.8+240 -427+280 -393+153 -423+345 -274+20

Alberginia Er{oR: oK) 7.5+ 1.56 = = = 143 +1.19

Al — — 55+131 — 6.3+161 _
Fesols — — — — 11.5+£1.49 7.1+£0.90
Porro 874063 7.6+124 _ _ 125+1.13  17.3+0.92
Béa;r%e 83+143 86+140  7.2+1.07 _ 7.7+1.10 —
Ceba 914132 53+189 — 7.0+1.73 — _
S 140:193 122+197 — — 120+132 17.4+153

Pebrot 74.8+0.88 72.4+0.84 71.3+1.32 70.4+£0.71 62.2 £ 0.69 244+1.11
Espinacs 30.6 £1.05 — 9.7+131 13.5+1.19 17.8 +1.38 19.2+1.20
Bledes 43.0+0.89 48.8+1.06 21.7+£1.75 31.3+1.37 22.6 £ 0.99 48.1 +1.46
Carbasso 21.3+0.64 233%1.17 16.9+1.31 6.2 +0.77 156 +1.15 20.7+1.19

Les diferencies estadistiques van ser analitzades per ANOVA (P <0.01).
— indica que no hi ha pérdues detectades.
Els valors negatius indiquen un increment de I'activitat antioxidant.
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3.3 EFECTES BENEFICIOSOS DELS POLIFENOLS.

Els compostos fenolics son substancies essencials responsables en part de les
propietats sensorials dels aliments d’origen vegetal. Alguns polifenols sén
responsables del gust amarg, com per exemple la naringina de les aranges, la
neohesperidina de les taronges amargants o la oleuropeina present en les
olives. Les proantocianidinas (tanins condensats) i els tanins hidrolitzables
confereixen astringencia a les fruites i alguns fenols simples, essent els
responsables directes de l'aroma de determinades fruites, com el eugenol
present en els platans. Els derivats dels acids hidroxicinamics, com l'acid
cafeic, ferdlic o sinapic, tenen un efecte directe sobre les caracteristiques
organoleptigues dels aliments que els contenen, afectant indirectament la seva
qualitat si son oxidats pels enzims oxidants que es troben de forma natural en

els teixits vegetals (Tomas-Barberan 2003).

Des del punt de vista de la seva activitat biologica els polifenols tenen la
capacitat de captar radicals lliures i, per tant, se’ls confereix una activitat
antioxidant que podria estar directament relacionada amb la prevencio de
malalties lligades a l'estrés oxidatiu, com les malalties cardiovasculars,

degeneratives i alguns tipus de cancer.

Alguns estudis clinics i epidemiologics han demostrat una clara associacio
entre el consum d’aliments rics en polifenols i determinades malalties; a
continuaci6 es descriu amb meés detall, algunes activitats o0 accions
beneficioses que s’han atribuit als polifenols com a resultat d’'un gran nombre
d’estudis cientifics.

3.3.1 Radicals lliures i envelliment

Els radicals lliures i altres espécies reactives d’oxigen i nitrogen es formen com
a resultat del desenvolupament normal de les reaccions metaboliques
oxidatives que es produeixen en la cél-lula. Aquestes molécules també es
formen com a consequéencia d’alguna malaltia, els contaminants ambientals, el
fum del tabac, farmacs, drogues o alcohol. En cas de no ser desactivats pels
antioxidants, aquestes molécules altament reactives, poden reaccionar, alterant
I'estructura i funcionament de varis components de la cel-lula (Beckman i Ames
1998; Gutteridge i Halliwell 2000; McCord 2000).
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L’estres oxidatiu pot passar quan I'equilibri entre la generacio de radicals lliures
i altres especies reactives d’oxigen i nitrogen, i les defenses antioxidants és
desfavorable. Per contrarestar el dany i l'estres oxidatiu, l'organisme ha
desenvolupat un complex mecanisme endogen de defensa antioxidant. Els
mecanismes de defensa antioxidants comprenen components enzimatics i no
enzimatics que prevenen la formacié de radicals lliures, extreuen els radicals
abans de que es produeixin els danys, reparen el dany oxidatiu, eliminen les
molecules afectades i prevenen les mutacions (Gutteridge and Halliwell 2000;
Halliwell 1996; Lindsay and Astley 2002).

Els polifenols naturals actuarien com substancies antioxidants, exercint un
paper citoprotector en situacions de dany cel-lular, com seria el cas de l'estrés
oxidatiu. Aquesta elevada activitat antioxidant ve donada tant per la facilitat
amb la que els compostos fendlics cedeixen el proto dels seus grups hidroxils

com per |'estabilitat del fenol oxidat producte de la cessio de I'electré.

L'activitat dels fenols es deu principalment als seus hidroxils. Pel que
precedeix, com meés grups hidroxils, més activitat antioxidant, pero meés
important que la quantitat és la posicié. Quan aquests hidroxils estan en posicio
O, la molecula resulta més activa. Aix0 es degut a que la deslocalitzacio
electronica resulta més efectiva i, a més, s’incrementa I'activitat quelant de la
molecula. Aquesta circumstancia es pot veure en I'anell B dels flavonoides, on
les molécules més actives tenen els hidroxils en posicio 3’y 4'. Els flavonoides
tenen altres punts de quelacié, la cetona en posici6 4’ del anell C pot
interaccionar amb I'hidroxil en posicié 3’ o amb I'hidroxil en posicié 5’ de I'anell
A. Aguest hidroxil situat en la posicio 5’, juntament amb el situat en la posicié 7,
son també dues propietats importants per incrementar I'activitat antioxidant dels
flavonoides (Pietta 2000; Rice-Evans i Miller 1997; Silva et al. 2002) (Figura 2).

L’envelliment és un procés natural que avanca de forma inalterable en tots els
organismes vius. Els mecanismes bioquimics involucrats en I'envelliment sén
encara confusos, un dels factors més coneguts i rellevants és el genétic.
Tanmateix, actualment, els factors mediambientals on s’inclou l'alimentacio,
estan augmentant el seu protagonisme donat que podrien estar involucrats en

I'expressio i/o alteracié genica (Corella i Ordovas 2009).
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Assaigs amb animals (Ingram et al. 2004; Sinclair 2005) i humans (Willcox et al.
2007a; Willcox et al. 2008; Willcox et al. 2007b) han mostrat que la reduccié
d’entre un 30 i un 40% de la ingesta calorica habitual (ad libitum) és la forma
meés robusta i reproduible de retardar I'envelliment i les malalties relacionades
amb aquest procés i d’aquesta manera augmentar la esperanca de vida. La
restriccié calorica redueix, a més, la resisténcia insulinica en el teixit adipds
(Bergamini et al. 2003).

Figura 2: Relacié estructura-activitat en els compostos fenolics. En vermell,
hidroxils en posicié orto-; en els flavonoides, en groc hidroxils en para-. En verd
la relacié doble enllag-cetona, punt que es veu reforcat per un hidroxil en els
flavonoides. També podem observar els punts actius involucrats en la quelacio

de metalls.
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3.3.2 Aterosclerosi, lipoproteines i plaquetes.

L'aterosclerosi i la trombosi associada amb la ruptura de las plaques
vulnerables son les principals causes dels esdeveniments cardiovasculars,
incloent la sindrome coronaria aguda. La lipoproteina de baixa densitat (LDL) té
un paper clau en la patogénesi dels processos aterotrombotics. Les LDLs
modifiquen les propietats antitrombotiques de I'endoteli vascular i canvien la
contractilitat mitjancant la reduccié de la disponibilitat d’oxid nitric endotelial i

I'activacio de las vies de senyalitzacio proinflamatoria.

L’aterosclerosi €s un proceés inflamatori cronic a les parets de les grans arteries,
aixo passa en resposta a una agressio sobre I'endoteli. La placa d’ateroma té el
seu origen en la placa lipidica que s'observa en les grans arteries ja al
naixement i es transforma amb el transcurs del temps en la placa d’ateroma.
Les LDLs no nomeés indueixen una alteracio en les propietats antitrombotiques
derivades de I'endoteli vascular i en les propietats contractils del vas com
resultats d’'una disminucié en la disponibilitat d’oxid nitric endotelial i una
activacio de les vies de senyalitzacio proinflamatories, sind que també afecten
a la funcié i interaccié de les cel-lules presents en la lesié aterosclerotica
(Badimon et al. 2009). Els simptomes se solen manifestar quan venen
associats els factors de risc de l'aterosclerosi, tals com diabetis, hipertensio,
consum de tabac, nivells de colesterol-LDL elevats (>160mg/dL) o de
colesterol-HDL baixos (<40mg/dL).

Els factors de risc provoquen trencaments en la llum de les artéries de mitja i
gros calibre, en les que es dipositen substancies greixoses, es produeix
inflamacio i finalment una reduccio de la llum de les artéries amb la conseguent
obstrucci6é del flux sanguini. El colesterol-LDL es diposita dins de les plaques
d’ateroma quan la concentracio de les LDL és elevada. Les cél-lules de la paret
arterial interpreten aquest diposit com una invasio activant al sistema immune

gue provoca una resposta inflamatoria.

En les zones de la paret vascular predisposades a les lesions
aterosclerotiques, amb l'augment de la permeabilitat, I'hipercolesterolemia
s’associa a un augment del transit de LDL a través de I'endoteli vascular. Aixo
condueix a una acumulacioé de particules de LDL en I'espai subendotelial, on

interactuen amb proteoglicans i proteines que estimulen la seva modificacio
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(agregacio, glicosilacié, proteolisi enzimatica, oxidacio, etc), la qual cosa
augmenta la seva aterogenicitat i la retencio en la intima vascular (Gleissner et
al. 2007; Llorente-Cortes et al. 2000). La retencié de LDL en l'intima arterial és
un proces clau en la progressio de la iniciacio de la lesi6 aterosclerotica, perque
desencadena un procés inflamatori local. De fet, les lesions aterosclerotiques
son el resultat d’interaccions complexes entre cél-lules inflamatories, les
plaquetes, els elements vasculars i les lipoproteines que regulen I'expressié de
gens i proteines directament implicades en el procés de remodelat vascular
(Badimon et al. 2009) (Figura 3).

Les cel-lules immunitaries excitades son els monocits circulants que penetren
en la paret de l'arteria, es transformen en macrofags i comencen a fagocitar
particules de LDL, convertint-se en cél-lules espumoses, el que fa créixer la
vulnerabilitat de les plaques aterosclerotiques. Aixi mateix, augmenta la
trombogicitat de les plaques y de la sang; aix0 Ultim associat a un augment en
els nivells del factor tissular circulant i en la reactivitat de les plaquetes
(Badimon et al. 2009). A mesura que avanca la placa d’ateroma, es produeix un
estretament o estenosi de I'arteria, inicialment parcial, fins a evolucionar a una
completa obstruccié. A més, la placa d’ateroma és fragil i pot trencar-se i
sagnar o desprendre’s de la paret de l'artéria i provocar, finalment, un trombe
(Sesso et al. 2003; Toméas-Barberan 2003).

L’endoteli vascular és un organ capag de percebre estimuls multifactorials (tant
sistemics com locals) i modificar el seu estat funcional per a contribuir a
'homeodstasi de les parets vasculars (Khazaei et al. 2008). Sota condicions
fisiologiques, I'endoteli presenta una superficie amb  propietats
antitrombogéniques (Kato 2002) que permet lintercanvi de nombroses
substancies entre la sang i els teixits, controla el to vascular i el transit de
cel-lules inflamatories cap al llit vascular. L'augment de la permeabilitat de
I'endoteli en preséncia de concentracions elevades de LDL ha sigut recentment
associat amb I'activitat de la quinasa p21(Orr et al. 2007). Una gran part de les
propietats antiaterogeniques i antitrombotiques de I'endoteli vascular estan
mediats per la seva capacitat de produir i alliberar substancies com I'0xid nitric
(NO), un inhibidor de Il'agregacié plaquetaria amb una forta activitat

vasodilatadora i una important funcid anti-inflamatoria. EI NO bloqueja
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I'expressié de molécules pro inflamatories com el factor de necrosis (NF) k3 i
molécules d'adhesié (ICAM-1, VCAM-1) (Bevilacqua et al. 1986); aixi com,

I'adhesio i infiltracio leucocitaria (de Caterina 1999).
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Figura 3: Representacidé esquematica de la progressio de la placa
aterosclerotica des de les etapes inicials de la disfuncié endotelial a estadis
més avancats amb la presencia de plaques complicades. M-CSF: factor
estimulant de colonies de macrofags; MCP-1. proteina quimiotactica de
monocits 1; MMP: metaloproteinases; PAI-1: inhibidor de Iactivador del
plasminogen 1; PDGF: factor de creixement plaqueta-derivat; TF: factor

tissular; UPA: activador del plasminogen urocinasa (Badimon et al. 2009).

Les connexions cel-lula-cél-lula, tals com unions tight o unions gap sén
estructures essencials en la regulacié de la funci6 de la permeabilitat de
I'endoteli. La formacié d’'unions gap (o unions en fenedura) estan regulades per
la preséncia i funcionalitat de les conexines, proteines I'expressio de les quals
es modifica durant la formaci6 de les lesions aterosclerotiques (Chadjichristos i
Kwak 2007). Les unions gap, a més d’afavorir els processos de senyalitzacié

intercel-lular, regulen la vasodilatacié depenent del NO (Figura 4).
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Entre I'estria grassa i la placa vulnerable es troba I'estadi intermig de I'evolucio
de l'aterosclerosi, constituit per l'aparicio de plaques d'ateroma. La fase 2
s'expressa amb la preséncia de plaques tipus IV i V, que histopatologicament
corresponen a plaques vulnerables. Durant la seva evolucié poden migrar cap a
la fase 3, amb la progressié i consolidacio de la placa d’ateroma, i s’expressen
clinicament com una progressié del grau d’angina. També poden evolucionar
cap a la fase 4, amb la ruptura o erosio, i produir un trombe parcial o total que
desencadena una sindrome isquémica aguda (Fuster et al. 1992). Aquestes
plaques de tipus IV i V poden tenir diferent expressié fenotipica i manifestar-se
amb diversa morfologia, amb ruptura, fisura-cicatrizacioé i hemorragia intraplaca.
Amb menys freqiiéncia es presenta com una erosié o amb calcificacié de la

placa (Badimon et al. 1999).
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Figura 4: Esquema simplificat de I'efecte vasoprotector de I'0xid nitric. LDL-C:

colesterol-LDL; NOS: oxid nitric sintetasa (Badimon et al. 2009).
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3.3.3 Estudis epidemiologics. Malalties cardio i cerebro vasculars.

Durant els ultims 30 — 35 anys, s’han portat a terme diferents estudis
epidemiologics en diferents paisos amb I'objectiu d’avaluar I'efecte dels habits

dietétics en el desenvolupament de malalties cardiovasculars.

En un d’aquests estudis, s’ha avaluat la mitjana d’ingesta de flavonoides i altres
substancies fenoliques en 16 grups que participaven en I'Estudi dels Set
Paisos; on es va trobar que la ingesta de flavonoides estava inversament
associada a la mortalitat per infart de miocardi (Hertog et al. 1995). En un
estudi dissenyat amb 10.054 homes i dones, es va estudiar I'associacié entre
els flavonoides consumits dividit per quartils de consum i el risc de
determinades malalties croniques (Knekt et al. 2002). En aquest estudi les
persones amb ingestes superiors de quercetina van tenir una menor mortalitat
per cardiopatia isquémica. El risc relatiu (RR) entre el quartil més alt i més baix
va ser de 0.79. La incidencia de malaltia cerebrovascular va ser menor a major

ingesta de kaempferol, naringenina i hesperitina.

La presencia de varis compostos antioxidants en les F&V que consumim a
través de la dieta, pot explicar I'efecte decreixent de la PA en pacients
hipertensos. Aquest efecte protector contra la malaltia cardiovascular (ECV)
s’ha observat en nombrosos estudis epidemiologics (Agudo et al. 2007; Alonso
et al. 2004). L’alt consum de F&V es va relacionar amb un menor risc de
malalties cardiovasculars en un estudi amb 2.682 homes a Finlandia (Rissanen
et al. 2003). Radhika i col-laboradors (Radhika et al. 2008) també van examinar
la relacio entre la ingesta de F&V i els factors de risc d’ECV a la poblacio
xinesa al sud de I'india. La poblacié d’aquest estudi va estar composta per 983
persones de 20 o més anys, seleccionades a partir de Chennai Urban Rural
Epidemiological Study (CURES). L’analisi de regressio lineal va revelar que
després d’ajustar per varis factors de confusié, el quartil més alt de consum de
F&V va mostrar una relacié inversa significativa amb la PA sistolica (8 =- 2.6
mmHg; P =0.027), en comparacié amb el quartil més baix. Un elevat consum

de F&V expliquen el 48% de I'efecte protector contra els factors de risc de ECV.

De la mateixa manera, la prevalenca d’hipertensio no diagnosticada préviament
en I'estudi SUN (Seguiment Universitat de Navarra) (Alonso et al. 2004) es va

associar inversament amb el consum de F&V en una poblacié mediterrania

70



Antecedents Bibliografics

amb un consum molt elevat de greixos d'origen vegetal. El Nurses’ Health
Study (NHS) (Hu et al. 1998) és un estudi prospectiu, realitzat en 83.818
infermeres entre 30 y 55 anys d’edat i procedents de varis estats dels Estats
Units, en aquest estudi el consum de F&V es va associar inversament amb la
PA sistolica y diastolica, mentre que la ingesta de cereals i carn es van associar

directament amb una PA sistolica superior (Ascherio et al. 1996).

Al Chicago Western Electric Study el consum de proteina vegetal, vitamines
antioxidants basades en vitamina C i beta-caroté van estar inversa i
significativament relacionats amb una variacié anual mitjana de la PA, després
de 8 anys del seguiment de 1714 empleats homes de mitjana edat (Stamler et
al. 2002). D’altra banda, Hung i col-laboradors, (Hung et al. 2003) van avaluar
'associacié del consum de F&V amb la malaltia arterial periferica, en una
cohort de 44.059 homes amb absencia de malaltia cardiovascular i diabetis,
observant que el consum de F&V protegeix contra la malaltia arterial periférica.
En el model ajustat per edat, els homes en el quintil més alt de consum de F&V
en comparacio amb els del quintil més baix, van tenir una disminucié del RR de
0.55 (95% CI: 0.38-0.80) per la malaltia arterial periferica. No obstant, les
associacions van ser molt debils després de l'ajust per tabaquisme i altres
factors tradicionals de risc cardiovascular.

Reshef i col:-laboradors, en un estudi clinic doble cec i creuat, van demostrar
que amb aliments rics en flavonoides, suc i xocolata negra s’observa una
reduccio significativa de la PA i una millora de la vasodilatacié del flux dilatat
depenent de I'endoteli (Grassi et al. 2005; Reshef et al. 2005).

L’absorcio intestinal i el metabolisme dels polifenols vegetals son un pas
limitant dels efectes protectors d’aquesta classe de compostos, degut a que la
rellevancia clinica dels efectes de I'endoteli-depenents dels polifenols de la
planta, depén de la seva disponibilitat sistemica.

El consum diari d’'una dosi de 100 g de xocolata negra rica en polifenols (500
mg de polifenols) va disminuir tant la PA sistolica com la diastolica en 10 dies,
en pacients amb hipertensio sistolica aillada (Taubert et al. 2003). La velocitat
del flux coronari es va incrementar en voluntaris sans després de prendre una
beguda rica en polifenols (1 g/kg d’etanol com a vi negre), perd no després de

beure la mateixa quantitat d’alcohol en forma de vodka o vi blanc, una beguda
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alcoholica sense polifenols o unes begudes amb contingut de polifenols mitja,
respectivament (Shimada et al. 1999). Després de la ingesta aguda de 500 ml
de vi negre i de vi negre desalcoholitzat (Hashimoto et al. 2001), la
vasodilatacié depenent de I'endoteli va patir una millora. Una reduccio en el
consum d’acids grassos totals i saturats i la intervencid6 amb oli d’oliva extra
verge va afectar favorablement a la PA en pacients hipertensos (Ferrara et al.
2000).

En tots els fruits secs la majoria dels antioxidants es troben localitzats en la
pel-licula o closca tova exterior i més del 50% d’ells es perden quan es retira la
pell (Blomhoff et al. 2006). Aquest fet, poques vegades es té en compte en els
assaigs clinics amb fruits secs. Les nous sén una excepcio, perquée gairebé
sempre es consumeixen com producte cru amb pells. Estudis recents han
demostrat que les pells d’ametlla (Urpi-Sarda et al. 2009a) i cacahuet (Lou et al.
2004) s6n molt rics en antioxidants. Una analisi combinada de 4 estudis
epidemiologics d’EE.UU. va mostrar que els subjectes en el grup de major

consum de nous tenen aproximadament 35% menor risc d’incidencia de ECV.

El Adventist Health Study (AHS) va ser el primer en despertar l'interes pels
fruits secs i la reduccid de risc de patir cardiopatia coronaria. Aquest estudi
prospectiu va incloure 31.208 Adventistes del Seté Dia de California (Fraser et
al. 1992). En la cohort de AHS, la freqiencia de consum de fruits secs va
mostrar una relacio inversa amb el risc de patir un infart agut de miocardi (IAM)
no mortal o mort per cardiopatia coronaria. Els individus que consumien fruits
secs d'1 a 4 vegades per setmana presentaven una reduccié del 26% en el risc
de patir un IAM no mortal i una reduccio del 27% en el risc de morir per una
cardiopatia coronaria, en comparacio amb els individus que ingerien fruits secs
menys d’'una vegada per setmana, mentre que les persones que consumien 5
vegades 0 més per setmana van mostrar una reduccio del 48% en el risc de
patir un IAM i una reducci6 del 38% en el risc de mort per cardiopatia coronaria
(Fraser et al. 1992).

El lowa Women’s Health Study (IWHS) es va realitzar en aproximadament
34.000 dones postmenopausiques d’edats compreses entre 55 i 69 anys (Kushi
et al. 1996). En aquest estudi, les dones pertanyents al quartili més alt de

consum de fruits secs presentaven una reduccio del 40% en el risc de patir una
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cardiopatia coronaria mortal, en comparacio amb les del quartil inferior, pero

després de I'ajust per vitamina E consumida aquest risc es va reduir al 28%.

Els fruits secs a més protegeixen als PUFA in vivo contra I'oxidacio,
demostrant-se en varis assaigs clinics. Berry i col-laboradors, (Berry et al.
1992) van mostrar que l'oxidacié dels lipids del plasma i de les LDL en
voluntaris sans va ser menor després d’'una dieta amb ametlles en comparacio
amb una dieta baixa en greixos. Jenkins i col-laboradors, en un estudi de dosi-
resposta van comparar dues dosis d’ametlles amb una dieta baixa en greixos
en subjectes hiperlipidémics. La dosi més alta d’ametlles va produir una major
reduccio en els nivells de lipids del plasma sanguini. No obstant, las dues dosis
van ser efectives reduint el colesterol LDL i la relacio colesterol-LDL:colesterol-
HDL (Jenkins et al. 2002).

Hyson i col-laboradors, (Hyson et al. 2002) van portar a terme un estudi per un
periode de 6 setmanes, per comparar els efectes del consum d’ametlles amb
clofolla vs. oli d’ametlles, sobre els lipids del plasma i I'oxidacié de LDL en
homes i dones sans. L’efecte d’ambdds tractaments sobre els lipids plasmatics
no es va diferenciar respecte a les mides basals; pero els triglicérids
plasmatics, el colesterol total i el colesterol-LDL van disminuir significativament,
14, 4 i 6% respectivament, mentre que el colesterol-HDL va augmentar en un
6% (en ambdues intervencions). Els fruits secs, incloent el cacauet, s’han
reconegut com a potencials en la millora del perfil de lipids en plasma. En
estudis de cohort, el consum de nous ha estat associat amb un menor risc de
ECV (Jenkins et al. 2008).

L’efecte protector dels compostos fenolics sobre I'oxidacié de les LDL ha sigut
investigat en un estudi amb extracte d’oli d’oliva, olis d’oliva amb components
fenolics (extra verge) i sense components fenolics (refinat) (Fito et al. 2000). En
aguest estudi es va observar que I'oli amb fenols disminuia I'oxidacié de les

LDL amb un retard en la formacio de conjugats diens mediada per LDL.

En un estudi dins de la cort REGICOR (Registre Gironi del Cor), es va plantejar
el colesterol-LDL com el major potencial per a prevenir les ECV entre els 35 i
74 anys [42% (95% Interval de confianca: 23,58)]. L’analisi estratificada per
edat va mostrar que el risc atribuible poblacional (PAF) per a pacients fumadors

menors de 55 anys era de 64% (30,80); mentre que els fumadors de = 55 anys,
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la PAF per a la hipertensio va ser del 34% (1,61) (Grau et al. 2010). Tots
aguests estudis també donen suport a lI'opinié6 de que les dietes riques en
polifenols, poden reduir la PA i millorar la funcid6 endotelial en pacients

hipertensos.

3.4. BIOMARCADORS

Un marcador biologic és una molecula biologica que es troba en la sang o en
altres fluids o teixits corporals i €s un signe d’'un procés normal o anormal, o
d’'una afeccié o malaltia. Un marcador biologic pot fer-se servir per a determinar
la resposta del cos a un tractament per a la prevencié o cura d’'una malaltia o
afeccio. En particular, el biomarcador nutricional és un compost extern, com
poden ser els propis components dels aliments o els metabolits originats a
partir dels mateixos, uns metabolits analitzats en mostres biologiques que
serveixen per a determinar la seva exposicié o ingesta a aquest aliment o

component.

L’epidemiologia nutricional té com a principal objectiu avaluar els efectes de la
dieta en el risc de patir determinades malalties. Per a comprendre de manera
fiable com influeix la dieta és necessari coneixer de forma precisa la ingesta
d’aliments de tots els participants. La valoraciéo de la dieta es pot realitzar

mitjancant biomarcadors nutricionals o a partir d’enquestes alimentaries.
3.4.1. Enquestes alimentaries

Per a coneixer 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 segons el periode de temps que es vol avaluar:

e Mesures de la ingesta dietética en dies concrets o actual.

» Registre alimentari: metode prospectiu consistent en sol-licitar a I'entrevistat
gue anoti en un formulari diariament, durant varis dies, els aliments i begudes
gue va ingerint tant a casa com fora (els meés frequients son els de 3 dies).

» Recordatori de 24 hores: meétode retrospectiu consistent en demanar al
subjecte que recordi tots els aliments i begudes consumides 24 hores abans de

la entrevista.
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o Mesures de ingesta habitual.
» Questionari de Frequencia de Consum (FFQ): métode retrospectiu en el que
s’administra al subjecte una llista tancada d'aliments i begudes sobre la que se
li sol-licita la frequiéncia i la porci6 de consum durant un periode de temps
determinat (6 mesos, 1 any).
» Historia dietetica: metode retrospectiu que inclou un o varis recordatoris de 24
hores, amb la finalitat de conéixer la ingesta actual, i un questionari de

freqliéncia de consum per a conéixer la ingesta habitual.

Els avantatges i limitacions de les enquestes sén en gran part influenciades pel
meétode d’administracio de les mateixes, aquestes poden realitzar-se mitjangant
entrevista, ja sigui en persona, per via telefonica o autoadministrada.
L’entrevista dona millors resultats perque I'entrevistador pot facilitar i amenitzar
la resposta del quiestionari, pero pot influenciar de forma diferent en la resposta
dels participants introduint en I'estudi un biaix degut a I'entrevistador (Delgado
M. et al. 2008).

3.4.2. Caracteristiques dels marcadors nutricionals o biologics.

Com en qualsevol mesura analitica que es prei un biomarcador ha de complir
els classics requisits d’exactitud, reproductibilitat, fiabilitat i validesa (Marshall
2003; Zamora-Ros et al. 2009). A més, qualsevol biomarcador nutricional per a
ser considerat Gtil ha de satisfer els segulents 4 criteris (Spencer et al. 2008):

1. Disposar d'un meétode analitic qualitativa i quantitativament robust. Es
necessari treballar amb la metodologia adequada per a garantir la validesa dels
resultats. En components minoritaris, com és el cas dels polifenols, la
sensibilitat i especificitat de la técnica adquireixen gran importancia. Els
avencos en técniques d'analisi quimic, com és el cas de LC-MS/MS, estan
permetent I'estudi d’aquests components en mostres biologiques (Liu et al.
2002; Zamora-Ros et al. 2009)

2. 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 €s la
caracteristica més important que ha de 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 cas que sigui preceptiu,
com en qualsevol prova diagnostica, ha de presentar uns bons parametres de

sensibilitat, especificitat i uns valors predictius alts, minimitzant els falsos
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positius i negatius. També s’ha de destacar la capacitat de detectar petits
increments en l'exposici6, mostrant una bona correlacié entre mesura i
exposicio.

3. El biomarcador ha de ser especific de la ingesta del component d’interés. Per
aquest motiu, qualsevol variacié en la seva concentracio ha de ser el resultat
en un canvi en el consum del component d'interés. El cas ideal seria que un
Unic aliment contingués 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 dificil, pero alguns components
son especifics d’'uns aliments molt concrets. Aquest és el cas dalguns
polifenals i el consum d’aliments rics en aquestes substancies com el te, café,
vi, soja, ceba, oli d'oliva (Spencer et al. 2008; Zamora-Ros et al. 2006).

4. La interpretacio del biomarcador és més complexa que la enquesta alimentaria
degut a que el biomarcador té en compte la biodisponibilitat del component. En
el cas dels polifenols, depenent de la dosi, del temps transcorregut des de la
ingesta i de lindividu poden apareixer diferents perfils metabolics del mateix
polifenol. Per aquest motiu, 'avancament en les tecniques analitiques és

imprescindible per disposar del perfil total de metabolits d’aquest polifenol.

Una limitacié de I'ls dels biomarcadors és el temps de vida mitja 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 mitja termini (1-5
dies), com podria ser els polifenols en orina, i de llarg termini (setmanes o
mesos), com per exemple seleni a les ungles (Marshall 2003). Depenent de la
nostra investigacio ens interessara més seleccionar un teixit/biofluid o un altre,
ja que la informacié que ens reportara el biomarcador sera totalment diversa:
un biomarcador a curt termini ens informara d’'una ingesta aguda (consum
puntual); i un biomarcador a mitja/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 dona la mateixa dosi de
component, aquesta €s una situaci0 molt frequient en els estudis de
biodisponibilitat de polifenols (Manach and Donovan 2004; Urpi-Sarda et al.
2005; Urpi-Sarda et al. 2007).
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3.4.3. Avantatges dels marcadors biologics respecte a I'estimacio

dietética o marcadors dietétics.

Sempre existeix un error en les estimacions dietetiques, el repte actual és
entendre, estimar i tenir en compte aquest error durant I'analisi de les dades
(Beaton et al. 1997); per coneixer aquest error és necessari disposar de
biomarcadors que reflecteixin la ingesta real dels individus. Aquests
biomarcadors poden arribar a substituir les estimacions dietétiques tradicionals
(Kristal et al. 2005); encara que en algunes situacions, les estimacions
dietétiques s6n encara imprescindibles degut a limitacions economiques i a la

falta de biomarcadors utils (Kelemen 2006).

Existeixen varies raons per decantar-se per I's de biomarcadors nutricionals
respecte a les convencionals enquestes dietétiques (Kelemen 2006;
Potischman 2003). Els biomarcadors nutricionals son més precisos que les
estimacions dietetiques. Les enquestes, sobre tot els FFQ, ofereixen uns
inconvenients a l'hora d’identificar correctament l'aliment, degut a la gran
gamma d’aliments presents al mercat, a I'amplia varietat de técniques culinaries
disponibles i a les diferéncies en ingredients i preparacio de les receptes i
tecnologies culinaries. Un altre factor limitant és la quantificacid d’aquests
aliments, encara que es faciliti mitjangcant mesures caseres i llibres de fotos
sobre aquestes porcions. També s’ha de destacar que existeix la tendéncia
dels 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
altres) (Spencer et al. 2008).

Les enquestes d’aliments son transformades a components mitjancant bases
de dades o taules de composicié d’aliments (TCA). Les TCA presenten moltes
limitacions en quant al numero d'aliments, variabilitat en composicio dels
aliments, metodes analitics utilitzats i nombre de components disponibles,
sobretot en el cas de components minoritaris com poden ser els polifenols.
També s’ha de tenir en compte la complexitat de saber quines son les TCA
més adequades per l'estudi i com utilitzar aquestes TCA per part de
l'investigador.
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Els biomarcadors proporcionen una mesura més propera de l'estat nutricional
qgue les estimacions dietétiques; degut a que els biomarcadors integren en la
mesura, la biodisponibilitat i el metabolisme del component. En canvi les TCA
nomes informen de la quantitat present en I'aliment. La funcié principal dels
biomarcadors nutricionals, com s’ha comentat anteriorment, €s la de conéixer
de forma menys subjectiva que les enquestes alimentaries el consum d’un
component o grup de components (ja es tracti d’un nutrient o no nutrient) o d’'un

aliment o grup d’aliments.

Una funcié secundaria dels biomarcadors nutricionals és la de valorar el
compliment d’'una intervencié nutricional. Comprovar objectivament que els
participants realment han seguit el tractament o la suplementacio, en aquest
cas dietética, de forma correcta; on les enquestes alimentaries no podrien
substituir I'is de biomarcadors. Per exemple, en l'estudi PREDIMED es
suplementa la dieta habitual amb oli d’oliva verge o fruits secs i per verificar que
els participants amb aquestes suplementacions estan seguint correctament les
pautes s’analitza I'hidroxitirosol i el tirosol en orina (polifenols caracteristics de
I'oli d’oliva) i I'acid oleic en plasma (acid greixds caracteristic de l'oli d’oliva) en
el grup d'oli d'oliva i en el grup dels fruits secs l'acid a-linolénic plasmatic
(caracteristic de les nous) (Estruch et al. 2006).

Durant un estudi d’intervencid nutricional, els polifenols mai sén consumits
independentment sindé com una barreja complexa que inclou una ampla varietat
de compostos bioldogicament actius que no han sigut totalment caracteritzats.
La font i la possible interacci6 amb altres constituents de la dieta podrien
afectar intensament la resposta metabolica d’un individu, el que no sempre es
té en compte quan s’estudien els efectes beneficiosos dels polifenols. Per tant,
s’hauria de considerar una aproximacio global que permeti avaluar les

complexes relacions entre la salut i el consum de polifenols.

A part de la necessitat d’obtenir dades precises sobre el contingut polifenolic en
la dieta humana, també és crucial considerar la capacitat que tenen els
polifenols d’entrar en la circulacié sanguinia ja que la seva activitat biologica
depen altament de la seva absorcié i metabolisme. L'absorcié intestinal dels
diferents polifenols esta estretament lligada a la seva estructura molecular i a la

font alimentaria (Manach et al. 2004). Per exemple, les isoflavones s6n molt
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meés eficientment absorbides que les flavonoles i flavones, mentre les
proantocianidines i antocianines son escassament absorbides (Manach et al.
2004).

Molts cientifics han triat I'is de metabolits especifics presents en biofluids
humans com marcadors potencials de I'exposicio als polifenols. L'orina i el
plasma han sigut freqientment usats per predir el consum de polifenols a partir
de dietes habituals d’individus no controlats (Noroozi et al. 2000; Radtke et al.
2002). Malgrat aix0, les mostres d’orina requereixen menys preparacié pre-
analitica i per aquesta rad son sovint preferentment analitzades en estudis de
cohort on les mostres de plasma presenten un maneig més laboriés. A més,
els compostos com els polifenols, dels quals les farmacocinetiques es
caracteritzen per un curt temps de vida mitjana y una baixa concentracio

maxima en plasma, son mes facils de detectar en orina.

3.5. DIETA MEDITERRANIA

La dieta mediterrania tradicional és I'heréncia de segles d’intercanvis de
persones, cultures i aliments de tots els paisos de la conca mediterrania.
Aquesta ha sigut la base dels habits alimentaris fins a mitjans del segle XX en
tots els paisos de la regid, perd ara esta desapareixent progressivament degut
a l'amplia difusio de I'economia de tipus occidental, la cultura urbana, la
tecnologia, aixi com la globalitzacio de la produccio i consum d’aliments (Serra-
Majem et al. 2009).

Des de la década dels 50, I'estudi dels set paisos, basat en les dades recollides
a Grécia, Italia i lugoslavia, ens va donar a coneixer quins aliments eren més o
menys consumits freqiientment en aquest ambit. Conduint a la definicio de la
dieta mediterrania tradicional (DMT) com un patr6 de dieta rica en aliments
vegetals (cereals, fruites, verdures, llegums, fruits secs, llavors i olives), amb oli
d’oliva verge com principal font de greix afegit, junt amb una alta/moderada
ingesta de peix i mariscs, un consum moderat d’ous, aus de corral i productes
lactis (formatge y iogurt), un baix consum de carn vermella (principalment ovi i

cabrum), i un consum moderat d’alcohol, principalment com a vi i durant els
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menjars. Aquesta va ser la dieta seguida principalment pels individus de les

societats rurals.

L'estudi pioner dels “Set Paisos” i nombrosos estudis epidemiologics recents
han establert el benefici de salut associats amb I'adherencia al patré de DM,
amb respecte a la millora de la sindrome metabolica, diabetis tipus I, malalties
cardiovasculars, algunes malalties neurodegeneratives i el cancer (Estruch et
al. 2006; Meydani 2005; Salas-Salvado et al. 2008; Serra-Majem et al. 2006;
Sofi et al. 2008; Trichopoulou et al. 2000; Trichopoulou et al. 2005). En un
estudi més recent, amb 3.910 homes i 4.285 dones procedents de Girona,
entre 35 i 74 anys d’edat, un increment de 5 unitats de I'escala de DM va
mostrar una relacio directa amb canvis de 0.74 i 1.15 unitats en la puntuacio del
component mental, en homes i dones, respectivament, després d’ajustar per

possibles factors de confusio (Mufioz et al. 2009).

Aquest patré saludable de DMT s’ha popularitzat des de 1995 amb la famosa
piramide de la representacié del mén que posa de manifest graficament els
aliments a consumir diariament, setmanalment o amb menor freqiencia. Dins
de la comunitat cientifica, existeix un consens sobre el que constitueix el patré
de DMT, pero s’han plantejat guestions sobre la necessitat d’actualizar les
presents recomanacions tenint en compte el nou estil de vida, habits dietetics,
factors ambientals i problemes de salut que enfronten els reptes de les noves
generacions, diferents paisos i sectors de la poblacié (especialment els de

baixos ingressos).

La Declaracio de Barcelona del 2007, amb la proposta dels cientifics presenta
una nova eina de comunicacio per a la poblacid, professionals de la salut i les
parts interessades; qui esperen el reconeixement, per part de la UNESCO, del
patr6 de DMT com patrimoni cultural immaterial de la humanitat, considerant
I'interés mundial d’aquest patr6 de DM. Amb aquesta representacio s’espera
contribuir a una millor adheréncia a aquest patré de dieta saludable y la seva

forma de la vida en el Mediterrani i altres paisos en el futur proxim.

El consens sobre una nova representacio grafica de la piramide de DM té com
a objectiu principal fomentar el dialeg entre els cientifics i experts en nutricio i
salut publica, ciencies de l'alimentacid, antropologia, sociologia, agricultura i

medi ambient a fi de tenir sobre la zona del Mediterrani una representacio
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comuna dels patrons de DM sense drets d’autor. Aquesta piramide es planteja
pel consens entre els experts cientifics mencionats i es basa en la investigacio
en el camp de la nutricié i la salut; I'evidencia cientifica al voltant dels beneficis
cap a la salut, que aporten els patrons dietetics de DM, justificats a través dels
grans estudis epidemiologics publicats en cents d’articles en forma de revisions
en les revistes cientifiques de les ultimes decades. Aquesta representacid dels
patrons dietétics de DM respon a la necessitat d’'un marc comu entre els paisos
mediterranis com pautes dietetiques basades en l'alimentacio (World Health
Organization. 2002).

El disseny final de la piramide de la dieta mediterrania d’avui en dia i un breu
text complementari per el public en general ha sigut desenvolupat per 'opinio
recollida pel Comité Cientific Internacional de la Fundacié Dieta Mediterrania i
les deliberacions "in situ" d’'un grup representatiu dels membres reunits en el

VIII Congrés Internacional sobre la Dieta Mediterrania en el Barcelona, 2010.

El fet d'expressar els objectius en termes dels aliments que les persones
compren i mengen, com un patré de dieta basada en un model cultural, pot
contribuir a un major respecte entre la poblacié general. La DM és, pero, no
sols un patr6 dietétic siné que també representa una forma de vida i un model
cultural. L'objectiu de recomanacions va dirigit a la poblacié adulta sana entre
18-65 anys i han d’adaptar-se a les necessitats especials dels nens, dones

embarassades i altres condicions de salut.

La nova piramide de DM (Figura 5) €s una semi-quantitativa representacio que
incorpora les proporcions relatives de les porcions i la freqiiéncia dels principals
grups d’aliments que constitueixen el model de DM. Els aliments en la base de
la piramide han de proporcionar la major contribucié de la ingesta d’energia.
Aixi, diariament, la consumicié adequada dels tres elements principals dels
menjars i dels aliments principals que complementen en una menor contribucio
a la ingesta energetica diaria, ha de ser la base de la ingesta diaria en el

context de la DM.

Les fonts de proteina figuren en una menor freqiencia de consum i la
contribuci6 a la ingesta de energia, passen de consum diari a setmanal, i en el
vertex de la piramide dels aliments que es recomana en la dieta només

ocasionalment. Cap aliment present en la piramide ha de ser considerat dolent
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per la salut i per tant no ha de ser evitat. Es la varietat, la frequéncia i la

proporcio dels aliments presentats en la dieta habitual i la seva contribucio a la

ingesta de nutrients el que fa que la dieta sigui saludable o no. Una ampla

varietat d’aliments en la dieta redueix al minim la possibilitat de deficiencies

d'un nutrient en particular. De fet, una major adhesi6é al patr6 de DM s’ha

associat a un millor perfil de nutrients, amb una menor prevalenca d’individus

gue mostren la ingesta inadequada de micronutrients en comparacié amb altres

models com l'occidental (Serra-Majem et al. 2009).

Mediterranean Diet Pyramid Today | Adult population

Nuts, Seeds, Olive

Fruits 1-2 | Vegetab
Variety of colours /2
(Cooked / Raw)

Conviviality,
Regular physical
activity,
Respose

2010edition

'

Each country hasits own
serving size based on frugality

Wine in moderation
& respecting religious
& socials beliefs

Sweets < 25

Meats < 25
& Processed meat < 15

Eggs 2-4s
mes > 25

Spices, Garlic, Onions
(lass added salt)
Variety of flavours

ad, Pasta, Rice, Couscous,
and other cereals 1-2s
(preferably whole grain)

Drinking Water

Seasonality,
Local Products,
Culinary activities

s=herving

Figura 5: Consens sobre una nova representacié grafica de la piramide de la

Dieta Mediterrania.
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En l'exterior, pero en la base de la piramide, s’introdueix el concepte de
I'estacionalitat i la produccid local. A més, la nova piramide contribueix a definir
un estil mediterrani de vida saludable; I'activitat fisica i la socialitzacié durant els
menjars estan representades en la base. Aixi es destaca la importancia de la
practica regular d’activitat fisica moderada (com a minim 30 minuts al dia) com
un complement basic de la dieta pel consum d’energia de compensacio, pel
manteniment del pes corporal saludable i per molts altres beneficis de salut.
L’activitat fisica no només involucra als exercicis com el futbol, ballar, correr,
bicicleta, etc., sind6 també caminar, pujar les escales en comptes d'utilitzar
I'ascensor, les tasques domeéstiques, entre altres. Destacant la importancia de
la practica d’activitat fisica a I'aire lliure i de preferéncia amb els demés. | per
altim perd no menys important, I'aspecte de la convivencia és important pel
valor social i cultural del menjar més enlla dels aspectes nutricionals. Al voltant
de la taula i compartir el menjar en companyia de familiars i amics; les xifres de
suport social i sentit de comunitat, proporciona una forma d’alleugeriment del
frenetic ritme de la vida quotidiana i el gaudir reciprocament de la preparacio
d’aliments. La importancia de les activitats culinaries, el temps i I'espai dedicat
a ells també haurien d’estar presents. |, finalment, el repos, per exemple, la
migdiada, un descans després del menjar saludable no ha de ser oblidat.

Beure aigua (6-8 porcions, equivalent a 1.5-2L) és essencial per la vida i per
preservar I'equilibri de I'aigua corporal. D’acord amb l'edat i altres condicions
personals aquestes necessitats poden variar. També esta present un consum
moderat de vi (1 got/dia per les dones i 2 gots/dia per homes, com una
referencia generica) durant els menjars mentre es respecten les creences

religioses i socials.

La mida de les porcions ha de basar-se en la frugalitat, per adaptar I'estil de
vida urba i modern, a les necessitats d’energia. Les porcions dels aliments
representats en la part inferior han de ser més grans i consumits amb major
frequencia, tanmateix els aliments en els nivells superiors s’han de consumir en

quantitats meés petites i amb menor frequiéncia.

La composicié d'un menjar principal, doncs, ha de ser una combinacié de
cereals (de preferéncia integral), hortalisses, verdures i fruites. Les guantitats

per menjar son: verdures i hortalisses (major o igual a 2 porcions de menjars,
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en forma crua, en un dels dos menjars principals), cereals en forma de pa,
pasta, arros, cuscus y altres (1-2 porcions/menjar) i la fruita com els postres
principals (1-2 porcions/menjar). El concepte de "varietat de colors i sabors" es
sobremarca, en el cas de les F&V per la varietat de compostos antioxidants
(figura 6). | en el cas dels cereals, els no refinats seran preferibles ja que el
processament normalment elimina alguns valuosos nutrients como la fibra o els

antioxidants.

Com els fonamentals elements esmentats de I'apat principal, altres aliments
vegetals han de constituir el nucli del model de DM perqué sén importants fonts
de vitamines, minerals, fibra, aixi com d’altres compostos amb potencial
antioxidant que contribueixen al benestar general i la sacietat. Aquest nucli de
DM, basat en aliments vegetals, és responsable de la prevencié de moltes
malalties croniques i del control de pes corporal (Buckland et al. 2008; Sofi et
al. 2008). Tradicionalment, les verdures i altres aliments vegetals sén cuinats
amb oli d'oliva, el que multiplica el seu valor nutricional. Tanmateix, amb la
finalitat d’'assegurar la ingesta de vitamines i minerals al dia, algunes de les
hortalisses han de consumir-se crues (un apat al dia).

Figura 6: Exposicié de fruites, verdures i hortalisses. Mercat de la Boqueria,
Barcelona.
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El patré de DM, en les quantitats suficients dels seus components, contribueix a
la preséncia de la fibra, micronutrients, antioxidants i substancies no nutritives
gue sOn necessaries per a la conservacio de la salut. La varietat dels diferents
components asseguren una Vvarietat dels nutrients mencionats. A més, la
preferéncia pels aliments de temporada, frescos i minimament processats

poden maximitzar el seu contingut en la dieta.

A nivell diari, els productes lactis estan presents en una quantitat moderada (2-
3 porcions/dia) i la preferencia pels productes lactis baixos en greixos
s’accentua. Tradicionalment, els productes lactis de major consum encara que
en guantitats baixes a moderades han sigut en forma de iogurt y formatge. La
seva riquesa en calci per un costat és important per la salut ossia i el cor, pero

per l'altre, també poden ser una important font de greixos saturats.

L'oli d’'oliva ha de ser la principal font de lipids de la dieta, en cas d'utilitzar ol
d’oliva barrejat es recomana la seva utilitzacié per cuinar i, en forma verge per
a amanir les amanides. Les especies, herbes, all i ceba son possibles solucions
per reduir la ingesta de sal (contribuent al desenvolupament de la hipertensio
entre els individus predisposats) i una forma d’introduir varietat d’aromes i
sabor als plats, a més de ser una bona font de micronutrients i compostos
antioxidants. A més, les herbes i especies, també contribueixen a la identitat
regional de plats mediterranis. Els fruits secs, llavors i olives han d’estar
presents als plats, en el patré de tots els dies, ja que so6n bones fonts de
greixos saludables, proteines, antioxidants naturals i fibra.

L’oli d’oliva verge (VOO) conté gran quantitat de polifenols (100-600 mg/kg) que
tenen un gran efecte en [l'estabilitat i les caracteristiques nutricionals del
producte. Alguns dels fenols simples més representatius son I'hidroxitirosol i el
tirosol. Tanmateix, els compostos fenolics s’eliminen quan I'oli és refinat (Tovar
et al. 2001). El contingut fenolic del VOO esta influenciat per la varietat,
ubicacio, grau de maduresa i el tipus de procediment d’extraccio d'oli usat (Esti
et al. 1998; Gimeno et al. 2007).

Els fruits secs contenen compostos bioactius que expliquen els seus multiples

beneficis cardiovasculars. Fitoquimics tals com fitoesterols, compostos fenolics
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i arginina (Kris-Etherton et al. 2008). Els efectes biologics d’aquests compostos
depenen de la seva biodisponibilitat, la seva cinetica i temps d’exposicio (Roura
et al. 2007a).

Es prefereixen fonts de proteines baixes en greixos saturats com el peix, els
mariscs, les llegums, la carn d’aus de corral i els ous, i en menor quantitat i
frequéncia de consum de les carns vermelles i processades. En una escala
setmanal; una varietat de fonts de proteina podria figurar en (peix & 2
porcions), llegums (= 2 porcions), ous (2-4 porcions) i aus de corral (1-2
porcions). Els peixos i mariscs s6n una important font de proteina saludable, i
una gran varietat en el seu consum és recomanable (peix blau, peix magre i
marisc). El peix (especialment aquells rics en lipids) i el consum de mariscs
(figura 7) han estat reportats com a reductors del risc de malaltia coronaria i
amb propietats antinflamatories relacionades al seu contingut en acids grassos

poliinsaturats de cadena llarga w-3 (Kris-Etherton et al. 2002).

Figura 7: Mariscs tipics de la dieta mediterrania. Mercat de la Boqueria,

Barcelona.
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Els llegums comparteixen alguns dels atributs de la salut dels vegetals i també
proporcionen proteines, encara que de qualitat moderada, que pot millorar-se si
es combina amb cereals com l'arros. Les aus de corral i els ous proporcionen
proteines d’alta qualitat, les aus de corral s6n una bona font de proteina magra,
sense els alts nivells de greixos saturats que es troben en alguns talls de carn
vermella. Els ous, inclosos els utilitzats per cuinar o fornejar, no haurien de
sobrepassar els 4 per setmana. Les carns vermelles han de ser consumides en
quantitats menors & 2 porcion s); preferiblement la de talls magres i les carns

processades (< 1 porcid) com a condiment per a afegir sabor als plats.

En el vertex superior, els aliments rics en sucre i els greixos poc saludables han
sigut representats (dolgos i pastels). Els dolgcos s’han de consumir en petites
quantitats i només de tant en tant, guardar-los per a les celebracions. Alguns
dels dolcos tradicionals del Mediterrani son de mel. Tanmateix, aquests
aliments s6n molt densos en energia i poden contribuir a 'augment de pes. Els
sucres simples s’han associat amb major incidéncia de caries dental. Aquests
es troben naturalment en moltes fruites, i també estan presents en els dol¢os i

rebosteria; aixi com en begudes, sucs de fruites, refrescs i begudes de cola.
3.5.1. L’estudi PREDIMED

L’estudi PREDIMED (PREvencié amb Dleta MEDiterrania) és un ampli estudi
clinic de 5 anys, de grups paral-lels, multicéntric, aleatoritzat i controlat destinat
a avaluar els efectes de la Dieta Mediterrania en la prevencié primaria de
malalties cardiovasculars (www.predimed.org; ISRCTN35739639). EI metode
detallat de reclutament i el protocol de I'estudi s’han descrit anteriorment per
Estruch i col-laboradors (Estruch et al. 2006).

A linici de l'estudi, els participants no devien presentar signes clinics de ECV
havent de complir al menys un dels dos criteris seguents: (1) diabetis mellitus
tipus-2 i/o (2) tres o més factors de risc de ECV: hipertensi6 arterial (PA>140/90
mm Hg o tractament amb medicaments antihipertensius), dislipemia, obesitat o
sobrepés, tabaquisme o antecedents familiars de malaltia coronaria d’aparicié
primerenca. A linici de I'estudi tots els participants van completar un validat
semiquantitatiu FFQ amb 136 parametres (Martin-Moreno et al. 1993), la versié
espanyola validada del guestionari d’activitat fisica del temps d’oci “Minnesota

Leisure Time Physical Activity Questionnaire” (Elosua et al. 1994), i un
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guestionari de 47 parametres sobre I'educacio, estil de vida, historia de les
malalties i I'is de medicaments. Infermeres capacitades mesuren els
parametres antropometrics com l'algada, el pes i la cintura i la PA per triplicat
amb un validador semi-automatic OscilloMeter (Omron HEM-705CP; Hoofdorp,

Paisos Baixos (lglesias-Bonilla et al. 2002)).

Els participants d’ambdés grups d’intervenci6 amb DM van rebre
assessorament personalitzat. Aquells pertanyents al grup de l'oli d’oliva (Med-
VOO) van rebre oli d’oliva verge de forma gratuita (1L per setmana) i aquells
destinats al grup de fruits secs (Med-fruits secs) sobres de nous, avellanes i

ametlles (30 g al dia).

Els participants assignats al grup control van rebre consells personals dirigits a
un canvi de la dieta similar a la DMT, a més d’assessorament personal, junt
amb un fullet6 amb la recomanacié per escrit a seguir. un baix consum de
greixos, tal i com recomana la “American Heart Association” (Krauss et al.
2000). En els tres grups, la recomanaciéo de la directriu general, inclou
'augment de la ingesta de fruites, verdures, hortalisses, llegums, peix 0 mariscs
i carns blanques. Les recomanacions negatives inclouen I'eliminacié o la
reduccio dels aliments perjudicials (carns vermella i processades, productes
lactis rics en greixos, pastels comercials, aperitius i begudes endolcides amb

sucre).

Una setmana després de la inclusio, la dietista delibera durant 1 hora en
sessions de grups per separat (fins a 20 participants por grup). Cada sessi6
consisteix en parlar de la informacié i subministrament del material escrit, amb
la descripcio dels aliments tipics del Mediterrani i la llista de la compra de
temporada, aliments i verdures comestibles i receptes de cuina (Zazpe et al.
2008).

3.5.2. Dieta mediterrania i malalties.

La relacio entre els patrons d’alimentacié en general rics en polifenols, com la
dieta DASH (Dietary-Approaches-to-Stop-Hypertension) o la dieta mediterrania,
y la PA també s’ha examinat en diferents estudis epidemiologics. La dieta
DASH des de fa més de deu anys esta sent ampliament promoguda als EE.UU.
per la prevenci6 i el tractament de la hipertensié (Appel et al. 1997). Aquest
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patr6é de dieta ha sigut també avaluat en una poblacio free-living del Regne Unit
(Harnden et al. 2010); la PA sistolica i diastolica van disminuir significativament
(P<0.05) en 4.6 i 3.9 mm Hg respectivament, en aquells individus que seguien
un estil de dieta-DASH. Després de 3 setmanes amb la dieta DASH, la PA
sistolica i diastolica en pacients hipertensos obesos era inferior comparat amb
els que seguien una dieta habitual (-7.6+1.4/ -5.3x1.4 mm Hg, P<0.001/0.02) i
gue els que seguien una dieta habitual suplementada amb potassi, magnesi i
fibra (-6.2£1.4/ -3.7+1.4 mm Hg, P<0.005/0.06), mentre que la PA no va ser
significativament diferent en la dieta habitual i suplementada (Al-Solaiman et
al. 2010). En un altre estudi (Hodgson et al. 2004) amb 27 homes i dones que
van seguir una dieta DASH o0 una dieta control, el grup de la dieta-DASH va
mostrar una reducci6é significativa en PA sistolica (P<0.001) i diastolica
(P=0.005).

Recentment, en I'estudi SUN (Nufiez-Cordoba et al. 2009), I'adheréncia a la
dieta mediterrania es va associar amb una reducci6 dels nivells mitjans de PA
sistolica i diastolica després de 6 anys de seguiment, perdo no es va associar
amb hipertensié arterial. Estruch i col-laboradors (Estruch et al. 2006) van
comparar els efectes a curt termini sobre els marcadors intermedis de risc
cardiovascular en [l'estudi PREDIMED amb dues dietes mediterranies
suplementades amb VOO i fruits secs, davant una dieta baixa en greixos. Els
participants inclosos en els grups de les dietes mediterranies suplementades
van mostrar una disminucié significativa en la PA sistolica i diastolica després
de 3 mesos de la intervencié en comparacié amb el grup de dieta baixa en
greixos. En comparacié amb la dieta baixa en greixos, el canvi mitja en la Med-
VOO i Med-fruits secs van ser -0.39 mmol/L (95% ClI, -0.70 a -0.07 mmol/L) i -
0.30 mmol/L (CI, -0.58 a -0.01 mmol/L) respectivament, pels nivells de glucosa
en plasma; -5.9 mm Hg (Cl, -8.7 a -3.1 mm Hg) i -7.1 mm Hg (Cl, -10.0 a 4.1
mm Hg) respectivament, per la PA sistolica i -0.38 (IC -0.55 a -0.22) i -0.26 (IC -

0.42 a -0.10) respectivament, per la relacié colesterol-HDL/colesterol.

Altres sub-estudis (Fito et al. 2007) dins de I'estudi PREDIMED ha demostrat
que la dieta mediterrania enriquida amb nous o VOO, després de 3 mesos
d’intervencio, disminueix els nivells de LDL oxidada [-7.3 U/L (95% IC -11.2 a -

3.3)] 0 [-10.6 U/L (IC 95%: -14.2 a -6.1)], respectivament, en comparacié amb la
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dieta de control, amb canvis no significatius. En altres sub-estudis també dins
de lI'estudi PREDIMED (Salas-Salvado et al. 2008) es va comparar I'efecte d'1-
any d’intervencio sobre I'estat de sindrome metabdlic en 1.224 participants. La
prevalencia de la sindrome metabolica després d’'un any es va reduir en un
6.7%, 13.7% i 2.0% en la Med-VOO, Med-fruits secs, i els grups de la dieta
control, respectivament. Després d’ajustar per factors diferents, el RR per la
reversio de la sindrome metabdlica van ser de 1.3 (IC 95%: 0.8-2.1) pel grup
Med-VOO i 1.7 (1.1-2.6) pel grup Med-fruits secs en comparacio amb el grup

control.

La dieta mediterrania, especialment rica en VOO, s’associa amb nivells més
alts de la capacitat antioxidant del plasma. La capacitat antioxidant total (TAC)
de plasma es va relacionar amb una reducci6 en el pes corporal després de 3
anys d’intervencidé en una poblacié d'alt risc cardiovascular amb una dieta
mediterrania rica en VOO (Razquin et al. 2009). La TAC en els grups, control,
VOO i fruits secs va ser de 2.01+0.15, 3.51+0.14 i 3.02+0.14umM Trolox,
respectivament. En consonancia amb els estudis anteriors, s’ha observat que

I'adhesio a una DMT, pot ser capacg de reduir els factors de risc cardiovascular.

Totes aquestes evidencies epidemiologiques recolzen la hipotesi de partida de
que una dieta rica en polifenols, com és el cas de la dieta mediterrania, pot

prevenir 'augment de la PA, ajudant a disminuir els nivells elevats de PA.
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4. Resultats

En la seglent seccid s’exposen els resultats obtinguts dels treballs
experimentals realitzats en aquesta tesi doctoral. Aquests resultats s’han
concretat en 4 publicacions en revistes del Science Citation Index. A més d’'una
publicacié en fase de preparacio, pero amb resultats previs que poden ser de
gran interés social donat el possible paper protector dels polifenols en la
hipertensio.

Previ a cada publicacioé hi ha un resum on es detallen els objectius, el disseny
de l'estudi, la metodologia utilitzada i els resultats obtinguts, aixi com les

principals conclusions.
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4.1 Publicacio 1: Metode rapid de Folin-Ciocalteu per a la determinacio de
compostos fenolics totals urinaris, com a biomarcador del consum total
de polifenols ingerits, utilitzant plaques de 96 cartutxos per a |I'extraccio

en fase solida.

Alexander Medina-Remén, Ana Barrionuevo-Gonzéalez, Raul Zamora-Ros,

Cristina Andrés-Lacueva, Ramon Estruch, Miguel-Angel Martinez-Gonzélez,
Javier Diez-Espino and Rosa M. Lamuela-Raventds. Analitica Chimica Acta.
2009, 634(1): 54-60

Resum:

L’epidemiologia nutricional t¢ com a principal objectiu l'avaluacio dels efectes
de la dieta sobre el risc de patir alguna malaltia, i per comprendre com influeix
la dieta és necessari conéixer de forma precisa i real la ingesta d’aliments dels
participants de l'estudi. Aquesta ingesta es podria mesurar a través de
biomarcadors nutricionals o mitjancant enquestes de consum dietetic. Els
marcadors nutricionals tenen varis avantatges pels estudis clinics i
epidemiologics al ser més precisos que les dades obtingudes a partir dels
questionaris dietétics de consum. Pocs estudis han avaluat en quina mesura
els polifenols totals excretats en orina son un biomarcador valid del consum
total de polifenols. Fins ara sén poques les cites bibliografigues que descriuen
un metode per determinar polifenols totals en una matriu tan complexa com
I'orina, la qual té moltes substancies que interfereixen amb el reactiu de Folin-

Ciocalteu.

En aquest treball s’ha desenvolupat un métode rapid (Folin-Ciocalteu) per la
determinacié de polifenols totals en mostres d'orina, per mitja de I'is de
plaques de 96 cartutxos Oasis® MAX, les quals ens permeten al mateix temps
I'extraccio en fase solida i I'eliminacié de possibles interferencies en un elevat
nombre de mostres. El fet d'utilitzar plaques de 96 pouets ens ha permes
realitzar tant la reaccio colorimetrica com la lectura espectrofotométrica a la

mateixa placa en només uns pocs segons.
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Es va realitzar un estudi prospectiu aleatoritzat creuat amb 12 voluntaris i un
estudi transversal amb 60 voluntaris de I'estudi PREDIMED. En ambdés estudis
es va avaluar com els polifenols totals excretats en mostres d’orina puntual
preses al mati, estan correlacionats amb els polifenols totals ingerits, per ser

considerats com un potencial biomarcador del consum de polifenols totals.

La metodologia va ser optimitzada; la sensibilitat i el rang de la polaritat dels
polifenols mesurats en l'orina es van incrementar; els limits de deteccid i
quantificacié van disminuir significativament. Els polifenols mesurats en solucié
estandard i mostres dorines van continuar estables sota les condicions
d’emmagatzematge a -20 i -80°C, a curt i llarg termini, i després de varis cicles

de congelacidé i descongelacié en les condicions de manipulacié.

Els polifenols totals excretats en I'orina es van correlacionar positivament amb
els polifenols totals ingerits r=0.48 P<0.01 i r= 0.257 P=0.04 a l'assaig clinic i

I'estudi transversal, respectivament.

En aquest treball, hem desenvolupat un metode especialment adaptat per a
lanalisi d’'un gran nombre de mostres, que podria ser utilitzat per a la
determinacié de polifenols totals en mostres d’orina recollida de forma puntual,
podent ser considerat com a biomarcador del consum de polifenols totals. Amb
les plaques de lectura de 96 pouets es poden analitzar un major nombre de
mostres utilitzant un menor volum i amb una major sensibilitat. Les plagues sén
també un format menys incomode i millor per la manipulacié automatica. El
meétode és rapid, senzill i permet I'analisi d’'un gran nombre de mostres al
mateix temps, la qual cosa és util en estudis epidemiologics on es més factible

la presa d’orines puntual al mati i hi ha un gran nombre d’individus.
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Nutritional markers have several advantages for epidemiologic and clinical assays, when compared to
dietary data obtained by food frequency questionnaires. Few studies have assessed whether total polyphe-
nol (TP) compounds provide a valid biomarker for TP intake. To date, there has been almost no literature
describing methods to determine TP in complex matrices such as urine, which have many interfering
substances.

We report a rapid Folin-Ciocalteu method to determine TP in urine samples using Oasis® MAX 96-well
plate cartridges for solid phase extraction. These plates allow analysis of a high number of samples ar the
same time. We performed a prospective, randomized, crossover trial and one cross-sectional study with
60 volunteers from the PREDIMED trial, seeking to eval the TP inurine were correlated with
polyphenol intake and could, therefore, be considered as a marker of intake of these compounds.

The assay was optimized; the sensitivity and the polarity range of urine polyphenols were increased
and the detection and quantification limits were significantly reduced. The metabolites in standards
solution and urine samples were stable under the storage and handling conditions. In the clinical trial
and the cross-sectional study, TP excreted in spot urine samples were positively correlated with TP intake,
r=048, P<0.01 and r=0257, P=0.04, respectively.

The methodology described may be used to detect TP in urine samples, employing the high throughput
of 96-well microtiter plates and reader. The method is fast and simple and it allows analysis of a large
number of samples at the same time.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

association between the risk of myocardial infarction and the con-
sumption of food rich in phenolic compounds: tea, wine, fruit

Total dietary polyphenol levels are approximately 1 gday™ [1],
higher than all other known dietary antioxidants, around 10 times
higher than dietary vitamin C and 100 times higher than vitamin
E and carotenoid levels. The health effects of polyphenols depend
on their respective intakes, synergism and bioavailability, which
can vary greatly [2]. Epidemiological studies have shown an inverse

* Corresponding author at; Mutrition and Food Science Departrnent, XaRTA, INSA
Pharmacy School, Unive rsity of Barcelona, Av, Joan XXI1 s/ n, 08028 Barczlona, Spain.
Tel.: +34 034034843; fax: +34034035031,

E-mail oddress: lamuela@ub.edu (.M. Lamuel a-Raventos),

D003-2670/3 - see front mater © 2008 Elsevier BV, All rights reserved.
doi:10.1016/j.aca.2008,12.012

and vegetables (F&V). Clear associations have been found between
cancer risk and polyphenol consumption [3-7]. Nutritional mark-
ers have several advantages for epidemiologic and clinical assays,
when compared to dietary data obtained by food frequency ques-
tionnaires (FFQ) [8]. Biomarkers of the intake of some nutrients
are more precise than self-reported information based on recalled
dietary assessment and thus provide a more objective measure
of specific nutrient intake rather than the subjective information
obtained by an FFQ. The development of biomarkers, measured in
both blood and urine, is essential for making accurate estimates
of polyphenol intake. However, the relationship between dietary
intake and nutritional biomarkers is often highly complex [9].
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For most polyphenols, urinary excretion values have been
reported to be consistent with plasma kinetics data. The
Folin-Ciocalteu (F-C) assay for total phenols (TP) is affected by
several interfering substances such as sulfur dioxide, ascorbic acid,
sugar, aromatic amines, organic acid, Fe{1l) and nenphenolic organic
substances that react with the F-C reagent [10]. Roura et al. in their
research on cocoa [11] studied these interferences after a single
solid phase extraction (SPE) cleanup procedure and these sub-
stances were not in the eluate, so cannot react with F-C reagent.
With the aim of increasing the number and recovery of a larger
number of polyphenols from the diet, it was necessary to improve
this methodology.

To our knowledge, there is no methodology available to ana-
Iyze total phenols using microtiter 96-well plates, the use of which
would allow a rapid determination for total phenols in urine sam-
ples at the same time. However, micro-well plates are used in new
methods for the determination of some compounds in food [12,13]
and biological sample [14-17]. The aim of the methodology was to
have a fast method for total phenols in urine, which could then be
used as a biomarker of phenol intake. Toward this end. we tested
various solid phase extractions and selected the one with the best
reproducible and recovery results in quantifying a high range of
phenolic compounds from different foods. We applied Oasis® MAX
a6-well plate cartridges for the first time, so that we could reduce
analysis time from 11.5 to 2 h. The plate allows the analysis of a high
number of samples at the same time for clinical and epidemiologi-
cal studies. We conducted two trials, one prospective, randomized,
crossover trial and one cross-sectional trial, which sought to eval-
uate whether the total polyphenols in urine are correlated with
polyphenol intake and can, therefore, be considered as a marker of
intake, bioavailability and accumulation of these compounds.

2. Material and methods
2.1. Standards and reagents

All samples and standards were handled with no exposure
to light Catechin, gallic acid, quercetin, caffeic acid, rutin and
formic acid were purchased from Sigma®; epicatechin, F-C reagent
and creatinine were obtained from Fluka. The 4-O-methylgallic
acid, naringin and tyrosol from extrasyntheses; isoquercetrin was
obtained from Chroma Dex; the picric acid, sodium hydroxide,
hydrochloric acid 35% and acetic acid 99.8% from Panreac and anhy-
drous sodium acetate (2 M) from Merck. Methanol, acetonitrile and
formic acid were obtained from Scharlau. Ultrapure water (Milli-Q)
from Millipore System (Bedford, MA). Calibration synthetic urine
was prepared as described by Miro-Casas et al. [18] to avoid any
possible interference generated by the matrices with F-C reagent.

2.2, The stationary phase for the sample extraction procedure

Oasis® MCX, 30mg (mixed-mode cation-exchange and
reversed-phase solvent), Oasis® MAX, 30mg (mixed-mode
anion-exchange and reversed-phase solvent) and Oasis® HLB,
30 mg ( hydrophilic-lipophilic-balanced cartridges, water-wettable
and reversed-phase solvent), from Waters (Milford, USA.) were
tested using the 96-well plate SPE with its special characteristics.
Ten representative polyphenols (4-O-methylgallic acid, catechin,
gallic acid, tyrosol, naringin, epicatechin, caffeic acid, rutin,
quercetin and isoquercetrin) with different polarity were prepared
in synthetic urine (5, 10, 25 and 50mgL-! for each standard) and
1mlL was loaded into each kind of stationary phase (n=6). For
Oasis® MAX cartridges, 1 mL of methanol 98% and 1 mL of sodium
acetate 50mM pH 7 were loaded to equilibrate the cartridges.
The synthetic urine samples with standard were loaded into the

98

cartridges separately. These were then rinsed with sodium acetare
S0mM pH 7/5% methanol The polyphenols were eluted with
1800 L of 2% formic acid in methanol. Oasis® MCX was previously
equilibrated with 1 mL of methanol and washed with 1 mL of 2%
formic acid in methanol. The standards were eluted with 1mL
sodium acetate SOmM pH 7/5% methanol and 1 mL of methanol
98%. The results were compared those obtained with Oasis® HLB.

To quantify the standards obtained with the SPE, each of elu-
ates was analyzed using high-performance liquid chromatography
(HPLC) according to the method of Andrés-Lacueva et al. [19], with
minor modifications. The linear gradient profile with the following
acetonitrile properties (vfv) was applied (t{(min), % acetonitrile); (0,
0.2), (2, 4),(10, 12), (14, 16), (16, 16}, (18, 17.6), (22, 19.2), (30, 24),
{37, 48), (40, 80). Using a Hewlett-Packard (HP) 1050 (Palo Alto, CA)
liquid chromatograph with diede array detector HP 1050 at 280 nm
(4-0-methylgallic acid, catechin, gallic acid, tyrosol, naringin, and
epicatechin), at 306 nm (caffeic acid), at 385 nm (rutin, quercetin
and isoquercetrin).

2.3. Analysis of total polyphenols in urines

The F-C method described by Roura et al. [11), used for cocoa
epicatechin metabolites, was improved in order to detect a high
range of phenolic compounds from different foods in studies with
large numbers of samples. Oasi s® MAX 96-well plate SPE cartridges
were selected because they provided the best recovery. Urine sam-
ples were thawed on a ice bed for 3h; they were centrifuged for
10min at 4°C and 1mL of supernatants, catechin and gallic acid
standards for calibrated line (1, 2, 4, 6, and 8 rng;l.") were diluted
with 1 mL of water Milli-Q and acidified with 34 pL of hydrochlo-
ric acid at 35%: they were used to load the Oasis® MAX 96-well
plate SPE cartridges separately. The extraction procedure described
above for Oasis® MAX cartridges was applied and 15 p.Lof the eluted
fractions were mixed with 170 pL of Milli-Q water in the thermo
microtiter 96-well plate ( nunc™, Roskilde, Denmark), adding 12 pL
of F-C reagent and 30 juL of sodium carbonate (200gL~"). The mul-
tichannel pipette minimized differences in the times (3s) of the
F-Creaction between the eight lines of the 96-well plate, ensuringa
similar reaction time for all samples analyzed on the same plate. The
g6-well plate permitted less reagent to be used in a more environ-
mentally friendly test. The mixtures were incubated for 1 h at room
temperature in the dark. After the reaction period, 73 L of Milli-Q
water were added with the multichannel pipette. Absorbance was
measured at 765 nm in UVfVIS Thermo Multiskan Spectrum spec-
trophotometers (Vantaa, Finland ). This spectrophotometer allowed
the absorbance of a 96-well plate to be read in only 105.

For creatinine in urine samples, Jaffé alkaline picrate method
|20] was adapted to thermeo microtiter 96-well plates, 2 uL of urine
were mixed with 60 pL of agueous picric acid solution (1%) and
5 pL of sodium hydroxide ( 10%). After shaking, the mixture was left
15min in the dark at room temperature; 232 pL of Milli-Q water
was added and the absorbance was measured at 500 nm in the
UV/VIS spectrophotometers. In the absence of disease, creatinine
concentrations in urine are usually very stable and can be used to
estimate the urinary excretion of substances with only spot urine
samples [21-23]. Total polyphenols were expressed as mg gallic
acid equivalent (GAE) per g creatinine and mg catechin per g crea-
tinine.

2.4. Folin-Ciocalteu assay validation

The method was validated with gallic acid and catechin standard
to compare the results with previous results obtained by Roura et
al. [11] expressed in catechin. To evaluate the linearity of the F=C
assay a series of calibrators with 1, 2, 4, 6 and 8mgL-! were pre-
pared in synthetic urine. The absorbances were plotted against the
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corresponding standard concentrations. The sensitivity of the
method was evaluated determining the limits of detection (LoD)
and limits of quantification (LoQ). These were calculated by mea-
suring the analytical background response, reading 10 blanks at the
maximumsensitivity allowed (765 nm) by the system. LoD was con-
sidered to be three times the standard deviation (S.D.) of 10 blank
samples analyzed while LoQ was considered to be 10 times the 5.0,
[24).

Accuracy was evaluated by repeatedly spiking the matrix with
known levels of analyte standards at five different concentrations.
The percentage deviations of added analyte concentrations recov-
ered from a blank matrix were used to estimate accuracy. Precision
was calculated by dividing the 5.D. by the concentration to obtain
the coefficient of variation (CV), which when expressed on a per-
centage basis gives the relative standard deviation (RS.D.}. It was
validated according to the recommendations of the AGAC INTERNA-
TIONAL | 24] for the validation of methods.

Short-term temperature stability was evaluated using three
aliquots of each concentration (1, 2. 4, 6 and 8 mg L") of gallic acid
and catechin in Milli-Q water, previously frozen at =20 and =80°C.
The aliquots were thawed at room temperature, kept at that tem-
perature for 2 h (equivalent to the mean sample preparation time
for a 96-well plate) and then analyzed. We also evaluated stabil-
ity after successive freeze and thaw cycles. Three aliquots of each
concentration were stored at =20 and —=80°C for 24 h, and thawed
at room temperature. After being completely thawed, the samples
were refrozen for 24 h, and the freeze-thaw cycle was repeated two
more times. Then the aliquots were analyzed on the third cycle.
Lastly, long-term stability was determined by storing three aliquots
of each concentration under the same conditions as the study sam-
ples (—80°C) for a period of 2 years. The concentrations of all the
stability samples were compared with the mean back-calculated
values for the standards at appropriate concentrations from the
first day of long-term stability testing. For sample stability the same
processes were applied [25].

2.5. Study design and samples

We obtained the first urine samples from the volunteers in
morning, at the same time. The morning urine samples were col-
lected in sterilized bottles and the aliguots were immediately
prepared and frozen at —80°C until analysis. For the assay, thaw-
ing is necessary over an ice bed for 3 h, to avoid degradation of the
polyphenols. The samples must be transported in a polystyrene box
with dry ice to maintain their temperature. Low temperature and
direct sublimation to a gas makes dry ice an effective coolant, since
it is colder than water or ice and leaves no moisture as it changes
state. The samples must be kept frozen at —80°C in aliquots if they
are required for a long period, and the same thawing procedures
described above must be repeated for subsequent assays.

2.5.1. Clinical mrial

This prospective, randomized, crossover trial included 12
healthy adult volunteers (8 women and 4 men; age range 24-54
years) with no previous relevant illnesses. The study was carried
out in accordance with the Helsinki Declaration of 1975, as revised
in 1996. The Ethical Committee for Human Experimentation of
the Barcelona University, Spain approved the study. and written
informed consent was obtained from each participant.

The volunteers were randomly separated into two groups; the
first group began with a high polyphenol diet (HPD) for 3 days and
then changed to a low polyphenol diet (LPD) for 3 days, after a 3-
day intermediate period of taking the usual diet (UD). They were
instructed by a dietician to abstein from food and beverages the
required polyphenols for each type of diet. The volunteers' daily
intakes were recorded using an FFQ. They received a list of rec-

ommended or restricted foods and beverages. They abstained from
taking medication and vitamin supplements for 1 week before and
during the study.

2.5.2. Cross-sectional study

The PREDIMED (PREvention with MEDiterranean Dlet) study
is a large, parallel group, multicenter, controlled, randomized
4-year clinical trial aimed at assessing the effects of the Mediter-
ranean diet on the primary prevention of cardiovascular disease
(http: ) www.predimed.org). We selected a subsample of 60 vol-
unteers from the center at the University of Navarra (School of
Medicine) to analyze their total urinary pelyphenols; 29 men and
31 women between 56 and 80 years old having a body mass index
between 20.4 and 36.6. At baseline, participants completed a 137-
item validated FFQ [26] and the validated Spanish version of the
Minnesota Leisure Time Physical questionnaire [27 |. Exclusion and
inclusion criteria have been described previously by Estruch et
al. [28). The velunteers were divided into tertiles depending on
their daily intake of total F&V: the first tertile had a consumption
less than 508.03gday-! (low F&V consumers, LFVC), the sec-
ond tertile (medium F&V consumers, MFVC) between 508.04 and
640.23 gday=", and the third tertile from 640.24 gday="' upwards
(high F&V consumers, HFVC). The Institutional Review Board of the
Hospital Clinic of Barcelona approved the study protocol, and writ-
ten informed consent was obtained from each participant. Urine
samples were collected before the FFQ, and were coded and stored
ar —80° until analysis.

TP intake from plant food and beverages (mgg-! fresh matter)
in both studies was quantified according to Saura-Calixto and Goni
[29] taking into account the FFQ. The edible portion of the daily
amount consumed, per capita, for each food as eaten was divided
into eight groups: cereals, vegetables, legumes, nuts, chocolate,
fruit, oils and phenolic beverages (coffee, tea, wine, beer and fruit
juices).

2.6. Statistical analysis

The statistical analyses were performed using the SPSS pack-
age program wversion 14.0 Descriptive statistical tests with the
mean (5.0.) were used for the baseline characteristics of the par-
ticipants. Variables were examined for normality and skewness
(Kolmogorov and Levene tests) and were tested for carry-over and
treatment-period interactions. The TP content in morning urine
and phenol intake were not normally distributed in both studies.
Because this was not normalised by the logarithmic transforma-
tion, non-parametric tests were used in the statistical analyses of
the data. The Wilcoxon test was performed for related samples to
compare changes in outcome variables in response to each inter-
vention period in the clinical trial and the Mann-Whitney test for
independent samples in the cross-sectional study. Spearman corre-
lations (ry ) were performed to evaluate the association between TP
content in morning urine and TP intake from selected food groups
in both studies. P-values <005 (two-tailed) were considered to be
significant. To compare groups in the cross-sectional study, we used
the two-tailed t-test.

3. Results
3.1. SPE cartridge selection

Table 1 shows the recoveries for 10 polyphenol standards in the
urine matrix, for Oasis® MCX, MAX and HLB. They were calculated
using the mean recoveries at four different levels: 5, 10, 25 and
50 mgL-! for all standards. The best recoveries were obtained with
Oasis® MAX cartridges. The AGACINTERNATIONAL [24] establishes a
good recovery for biological samples of between 80% and 110%. MCX
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Table 1
Absolute recovery of 10 polyphencl standards in different cartridges quantified by
HPLLC

Cartridges MCX MAX HLB

Gallic acid, mean (S.0.) 71.23(3,56) 10025(366) 8842(625)
Isoquercetrin, mean (5.0,) 10752 (8.08) 10513 (807) ©623(0.70)
Quercetin, mean ($.0.) 8092 (374) O574(7.12) 7923(652)
Catechin, mean (S.0.) 70.43(397) 0152(443) 037 (66)
Epicatechin, mean {5.0.) 100.78(4.51) 10805(100) 10562 (2.10)
4-0-Methylgallic acid, mean (SD) 10442(089) 07.87(152) 04.11(8.42)
Tyrosol, mean (5.0.) ©432(307) 98.13(223) 096.38(523)
Naringin, mean(S D ) 103.23 (0.42) 101.16(9.45) 9544(6.48)
Caffeic acid, mean (5.0.) 10850 (0.57) 10107 (2.88) ©385(7.3)
Rutin, mean (5.D.) 10454(217) 97.66(072) 9377 (956)

was ruled out because some polyphenol recoveries were lower than
80%: for gallic acid and for catechin, they were 71.23% and 70.43%,
respectively, and 80.92% for quercetin. For HLB, the recovery values
were similar to MAX in some standards, although of the two resins
MAX was selected because of the higher results obtained, being
approximately 100%. The gallic acid recovery was 88.44% in HLB
compared to 100.25% in MAX cartridges; the recovery for quercetin
in the HLB was slightly lower than 80%.

The assay was optimized and Oasis® MAX 96-well extraction
plates were selected. This significant change allowed acidic, basic
and neutral compounds to be detected, confirmed and quantified in
different fractions in biclogical fluids. The sensitivity and the polar-
ity range of the urine polyphenols were increased and the detection
and quantification limits were significantly reduced. The 96-well
plate makes the method particularly well adapted to the analysis of
large batches of samples for clinical and epidemiological studies.

3.2. Validation of the method for the analysis of total polyphenols
in urine

The F-C method was linear over the working range between 1
and 8 mgL~"! for gallic acid and catechin. These two standards were
selected as they are the ones most frequently used for F-C assays.
Least-squares regression analysis gave the following result for the
gallic acid calibration curve: mean (5.D.): slope, 0.082 (0.005); y-
intercept, 0.030 (0.,009); r2 =0.997 (0.001) and standard deviation
of residuals, 0.077. For the catechin calibration curve: mean (S.D.);
slope, 0.0778 {0.002); y-intercept, 0.065 (0.009); r? -0,995 (0.003)
and standard deviation of residuals, 0.072. The limit of detection
(0.07 mgL-") and limit of quantification (0.1 mgL-") were deter-
mined for gallic acid and catechin standards.

Assay precision and accuracy were evaluated at five different
concentrations {Table 2). The values obtained for precision “R.S.D.
(%)" were lower than those established by AGAC INTERNATIONAL
[24), which would be 7.3% at this concentration. Accuracy was mea-
sured according to the percentage of gallic acid and catechin added.
The AGAC INTERNATIONAL [24] accepts values of 80- 110% recovery
for the values analyzed, and values were found between 82.5% and
105.7%.

12000 =

r |

300,10 = l
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mg gallic acid equivalel/g creatinine

Fig. 1. Concentration of total phenolic “mg gallic acld equivalent per g creatinine™
excreted in morning urine after the ingestion of the low (LPD), usual (UD) and high
{HPD) polyphenol diets in the clinical trial,

The standards in Milli-Q water after freeze and thaw cycles
remained stable for both temperature tested and at the different
concentrations. At higher concentrations (6 and 8 mgL-1) the gal-
lic acid remained near 100%, while at smaller concentrations (1
and 2mgL-"}) it was ~90%. Catechin standards frozen at —20°C
remained between 86% and 89% at all concentrations, while at
—80°C the standards remained at 89-95%. At room temperature
(short-term stability) for 2h, decreases in both standards {gal-
lic acid and catechin) were observed; the amounts were reduced
to ~86% when working with the lowest concentration at =20°C,
which was very similar to —80°C (~89%). The standards remained
higher (>96%) in the highest concentrations, and they were sim-
ilar for both standards and both deep-freeze temperatures (—20
and —80=C). For the rest of the concentrations at the two deep-
freeze temperatures, the standards remained higher than 90%. For
the long-term stability of standards, the level decreased to 93% and
95% for catechin and gallic acid, respectively, after 2 years, in both
deep-freeze temperatures(—20 and —80 °C). We observed no statis-
tically significant differences (P> 0.05) in total polyphenols in urine
samples (n=24), after testing freeze and thaw cycles and short-term
and long-term stability. In conclusion, the phenolics in standards
solution and urine samples were stable under the storage and sam-
ple handling conditions used for these assays; standards solution
and urine samples should be stored at ==20°C over a long period
of time, i.e., approximately 2 years in length or more.

3.3. Total polyphenols measured in urine samples

3.3.1. Clinical trial

The concentration of TP compounds excreted in morning urine
after ingestion of different diets is shown in Fig. 1. TP excreted in
the urine, expressed as mg GAE per g creatinine was 107.07 (17.01)

Table 2
Evaluation of precision and accuracy for gallic acid and catechin calibrator in synthetic urine,
Calibrator concentration (mgL-") Means measured concentration (mg L") (n=5) Precision, R5.D. (%) Recovery. error (%)
Gallic acid Catechin Gallic acid Catechin Gallic acid Catechin
1 09 09 0§ 1.1 825 852
2 21 20 08 08 1007 1046
4 41 42 35 36 105.7 103.0
6 60 59 51 53 101.8 208
8 79 g0 7.2 67 7.7 902

R5.D.. relative standard deviation,

100
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Table 2
Relative differences between the groups’ total polyphenol intake, expressed as mg 400,00 1
gallic acid equivalent, and between the groups” urinary excretion of total polyphe- 2 o o
nods, expressed as mg gallic acid equivalent/g creatinine, for different diets in the E3s000
clinical trial E
Differences between 95% Confidence interval for the difference _5_'.\. tnlih

Mean Lower Higher P L; 250,001
TP in HPD and TPl in UD 40512 26590 72434 0002 '3
TP in UD and TP in LPD 38030 27195 50634 0002 8 200,00 -
TP in HPD and TP in LPD 88451 42974 12406 0002 2
UETPin HPD and UETPin UD 1163  -091 2418 006 f 15000 -
UETP in UD and UETP in LPD 1270 050 2590 006 = '
UETPin HPD and UETPin LPD 2434 1181 3687 Q02 B

B0 |0,0N0

TP, total polyphenol intake: UETP urinary excretion of total polyphenols: UD, nor- E
mal polyphenol diet: HPD, high polyphenol diet: LPD, low polyphenol diet. v

after the HPD. The UD consumed maintained the excretion of TP at
the intermediate value of 95.44 (10.50), higher than 82.73(13.43)in
LPD. The intake of TP compounds in the HPD was 1255.02 (491.89)
mg GAE per person per day; in UD and LPD, it was 759.90(239.81)
and 370.51 (121.98), respectively.

The Wilcoxon test for related samples for each intervention
period showed asignificant difference{ P= 0.002) between the urine
excreted after the HPD and LPD; and a tendency to significant differ-
ence was found (P=0.06) when comparing UD with HPD and LPD.
This statistical analysis was performed to compare the TP intake.
The results showed asignificant difference( P<0.01) between the TP
intake for eachintervention period. The differences between groups
are shown in Table 3.

The Spearman correlation analyses (see Table 4) revealed a pos-
itive significant correlation between the TP excretion in morning
urine and the consumption of TP from fruit (P< 0.05), vegetables
(P<0/01), F&V(P<0.01)and TP intake (P< 0,01 ); there was also asig-
nificant negative correlation with cereals (P< 0.01} No significant
correlations were observed with the rest of the food groups.

3.3.2. Cross-sectional study

TP excreted in the urine for LFVC was 111.86 (34.74) mg GAE
per g creatinine after the TP intake of 1293.38 (357.29) mg GAE
per person per day. The excretion for NFVWC was 141.87 (48.81) mg
GAE per g creatinine and 160.73 (82.42) mg GAE per g creatinine
for HFVC after the intake of 1364.01 (402.23) and 1768.87 (527.32)
mg GAE per person per day. respectively. The daily F&V ingestion
was 397.96 (91.44)g. 57473 (39.57)g and 844 (202.74)g for low,
normal and high intake, respectively. The Mann-Whitney test for
independent samples showed a statistically significant difference
in the mg GAE per g creatinine when LFVC were compared with
NFVC (P=0,033) and HFVC (P=0.023); but there were no significant
differences ( P=0.79) when NFVC were compared with HFVC.

The Spearman correlation analyses (Fig. 2) revealed a positive
significant correlation between the TP excretion in morning urine
and total dietary polyphenols (r =0.257, P=0.04) and the total F&V

Table 4
Correlation between consumption of different food groups and moming urinary
polyphenols (mg gallic acid per g creatinine),

Food group r P

Fruits. 0332 0.048
Vegetables 0.504 0.002
Fruits and vegetables 0501 0.002
Legumes -0,106 0539
Cereals -0.644 0.001
Phenolic beverages 0293 0.082
Dills. -0,004 0.586
Nuts 0221 0.195
Chocolate 0,103 0551
Total phenols 0482 0.003

0,00 250000 S0000 T500000  DOD000
todal fruit and vegetable intake

1250000

Fig. 2. Correlation between total fruit and vegetable intake (g day-1) and concentra-
tion of total phenelic “mg gallic acid equivalent per g creatinine” excretedin mormning
urine in the cross-sectional study.

intake (r- 0.339, P~ 0.008). No correlation between the total urinary
polyphenols and the other groups were found.

4. Discussion

In this work, we developed a method especially adapted to
analyse large batches of samples, which could be used for TP and
creatinine assay, the 96-well plates accommodate much larger
sample volumes, with the potential for proportionally greater sensi-
tivity. The well plates are also a less cumbersome format and better
suited to automated manipulation, which proved faster than previ-
ous methods [ 10,11,29). It was possible to analyze 96 urine samples
in only 3 h (2h for the sample preparation and 1 h for the reaction)
by using the Oasis® MAX 96-well plate for the SPE and the thermo
microtiter 96-well plate for the Folin-Ciocalteu reaction. This elim-
inated laborious sample preparation after the thawing period overa
bed ofice (approximately 3 h) in contrast to other methods. which
required ~12.5 h for 96 samples (11 h for sample preparation, 1h
for the reaction and 0.5 h to read the cuvettes), and it is a method-
ology that is much more environmentally friendly. This permitted
the analysis of a large number of samples per day, which is ideal for
clinical and epidemiological studies in which the subjects ingest a
large variety of polyphenols with their usual diet. [t was possible
to increase the recovery of a high number of polyphenols using the
SPE with MAX cartridges, due to the mixed mode anion exchange
and reversed phase solvent with a high selectivity and sensitiv-
ity for all polyphenols compounds tested. The SPE diminishes the
interference for TP analysis in urine samples.

Mennen et al [30] and Krogholm et al. [31] studied the cor-
relation between the consumption of polyphenol-rich foods and
beverages and the concentration of polyphenols in urine sam-
ples determined by LC-MS/MS. Their results suggested that several
polyphenols measured in urine samples can be used as biomark-
ers of polyphenol-rich food intake. In our investigation the total
polyphenol food intake was positively correlated to the total
polyphenol excreted in urine samples. Most correlations observed
between urinary excretion of polyphenols and food intake were
expected from their contents in food and established recoveries in
uring in intervention studies of specific food items [32].

The intake of TP in the clinical trial on HPD, 1255.02 (491.89)
mg per person per day was slightly higher than the daily intake of
TP in the Spanish diet, estimated by Saura-Calixto and Goni [29] as
1171 mg per person per day. However, in our study the volunteers
were intentionally consuming a HPD while Saura-Calixto estimated
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this from the general population. In the cross-sectional study the
LFVCconsumed 1293.28(357.29) mg GAE per person perday similar
to HPD in the clinical trial, and HFVC consumed 1768.87 (527.32)
mg GAE per person per day higher than other studies. The cereals
ingested could cause decreases in the TP excretion since when more
cereals are consumed the intake of fruit (r= -0.533, P=0.001) and
vegetables is reduced (r=0.680, P< 0.001).

In the cross-sectional study, TP in urine were a good indicator
of polyphenol consumption. The present study has shown a sig-
nificant correlation between urinary excretion of TP determined
by the F-C method and the intake of F&V and TP intake. Very few
authors [30,31,33] have examined the use of urinary concentrations
of polyphenols as non-specific biomarkers of F&V consumption
in free-living populations, and they required complicated equip-
ment to do so. Since flavonoids are widely distributed in F&V, some
investigators studied their value as biomarkers of F&V intake. In
a controlled dietary intervention study [33], flavonoids from 24 h
urine samples were measured by LC-MS after 6 weeks of a diet
either low or highin fruit, vegetables and berries. Urinary quercetin,
flavanone, and total flavonoid output were clearly higher after the
high vegetable diet compared with the low vegetable diet. As well as
individual level, a significant positive correlation between changes
in F&V intake and changes in urinary flavonoid excretion was
observed. A positive correlation was found between total polyphe-
nol metabolites in 24 h urine samples and intake of F&V following
1 day consumption of a basic diet supplemented with 300 0r 600 g
of F&V [31]. However, to investigate the potential health effect of
F&V in epidemiological studies, only spot urine and/or blood sam-
ples are collected and, rarely, 24 h urine samples. Furthermore, a
recent study [30] has evaluated the correlation between the uri-
nary excretion of several polyphenols from spot urine samples and
the intake of pelyphenol-rich food. This study suggests that several
polyphenols measured by LC=MS in spot urine samples can be used
as biomarkers of polyphenol-rich food intake.

Even though the sample for our cross-sectional study was rel-
atively homogenous, there was a high between-subjects variation
in the amount of TP excreted in urine, two high-excreters with TP
excretion more than three times the mean of the other 58 veol-
unteers (see Fig. 2). Exclusion of the 2 high-excreters from the
analysis affects the correlation between TP urine excretion and total
F&V intake (r-0.292, P-0.02), but the positive correlation is main-
tained. This high interindividual variation in phenol excretion with
a few high-excreters had already been observed in previous studies,
although this interindividual variation was lower [33-35].

Here we have developed a method for TP that is a marker
of intake of polyphenols rich foods and is cheaper. more envi-
ronmentally friendly, and simpler than the method described by
Krogholm et al. [31] and Nielsen et al [33], and it does not require
LC=MS instrumentation. However, the quantification of a number
of metabolites in 24h urine samples may be a suitable approach
in small-scale human intervention trials but may not be a realistic
possibility in large-scale epidemiological studies. due to the prob-
lems of organizing the collection of 24 h urine samples from a large
study population.

In summary, we have developed a newmethod for the analysis of
total phenols in urine samples using Oasis® MAX 96-well plate car-
tridges for SPE. The method is fast, simple and allows the analysis of
alarge number of samples, as many as 96 samples, using the 96-well
microtiter plates and reader. It is cheaper, more environmentally
friendly, and simpler than other methods described. validation is
based on the results of a prospective, randomized, crossover trial
study with different intervention periods, and it was corroborared
with a free-living population in a cross-sectional study with 60 vol-
unteers. Associations were found between TP excreted in morming
urine and the TP and F&V intake in the clinical trial, and similar
associations were found in the cross-sectional study. TP in urine
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was correlated with its intake and can, therefore, be considered as
a nutritional biomarker.
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4.2 Publicacio 2: Distribucié normal d’excreci6é urinaria de polifenols en
adolescents masculins i canvis associats amb la intervencié nutricional

de suc de tomaquet (Lycopersicon esculentum)

Laila Hussein, Alexander Medina, Anna Barrionuevo, Rosa Maria Lamuela-

Raventos, Cristina Andres-Lacueva. International Journal of Food Sciences and
Nutrition. 2009, 60(4): 302-311

Resum:

Els flavonoides son metabolits secundaris de les plantes ampliament distribuits
en les fruites, verdures, llavors i flors, aportant una elevada capacitat
antioxidant. Multiples efectes biologics son atribuits als flavonoides, els quals
promouen l'estat de salut en general. El teixit de la pell dels tomaquets
(Lycopersicon esculentum) contenen al voltant d’'un 98% de flavonoides, pero la
resta també conté un alt contingut en polifenols. L'objectiu del present estudi va
ser mesurar els patrons de distribuciéo normal i els limits de referencia clinica
d’excrecio de polifenols totals urinaris, entre els varons joves egipcis que
consumeixen una tipica dieta egipcia. A més, es van estudiar els canvis
obtinguts en I'excrecié de polifenols totals després d’una intervencié amb suc

de tomaquet.

Un total de 49 homes joves egipcis d’entre 7 i 14 anys d’edat, de Giza Wellfare,
van ser reclutats per a I'estudi. Les excrecions urinaries de 24 hores van ser
recollides durant dos i tres dies consecutius, a més d’'una enquesta dietetica
d’'un periode de 7 dies, abans i durant I'estudi. Els tomaquets escollits per
I'estudi van ser batuts sencers i el suc va ser distribuit en porcions de 240
grams, els quals van ser subministrats durant 3 setmanes. Els polifenols totals
van ser analitzats a través del métode de Folin-Ciocalteu després de I'extraccio
en fase solida per l'eliminacié de possibles interferencies presents en les

orines.

La mitjana de polifenols totals excretats 48.6x 5.5 mg equivalent d’acid galic
(GAE) en 24 hores equivalent a 89.5 + 8.4 mg GAE/g creatinina en aquesta
poblacié. La mitjana de polifenols totals urinaris excretats al mati de forma
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puntual, incrementa significativament (P<0.05) després de la intervencido amb
suc de tomaquet (287.4 + 64.3 mg GAE /g creatinina) comparat amb la
respectiva basal. Mesurant I'excrecié urinaria de polifenols totals, es va
demostrar una vegada meés I'is d’aquesta mesura com un bon biomarcador del
consum de polifenols totals, a més de demostrar que els polifenols presents en

el tomaqguet son altament biodisponibles.
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Abstract

Background The urinary flavonoids are considered a reliable biomarker for the intake of
polyphenol-rich foods.

Objectives To assess the normal distribution of urinary polyphenol [PP] excretion among healthy
male children and adolescents on a typical Egyptian diet. To follow up the impact of nutritional
interventon with tomato juice on the urinary excretion of [PP].

Subjects Forty-nine male subjects 7-14 years old collected a 24-h urine sample and filled a
dietary record during a 7-day period. A daily serving of 230 g fresh tomato juice was followed
for 18 days in a subgroup. Total urinary [PP] excretions were measured before and after
termination of the intervention program. The total urinary [PP] was analyzed after a clean-up
solid-phase extracton step by the Folin-Ciocalteu reagent in the 96 micro plates. The results
were expressed as gallic acid equivalents (GAE).

Resudes The urinary [PP] excretion averaged 48.6+5.5 mg GAE/24 h, equivalent to 89.5+8.4
mg GAE/g creatinine. The mean urinary [PP] excretion increased significantly (P <0.035)
following the intervention with tomato juice (287.4 £64.3 mg GAE/g creatinine) compared with
the respective mean baseline level (94.5+8.92 mg GAE'g creatinine).

Condusion Clinical laboratory reference limits for urinary polyphenols are presented for
Egyptian male children and adolescents. Measuring the urinary polyphenol excretion proved
a good biomarker for the dietary polyphenol intake and the results demonstrated that tomato
[PP] was highly bioavailable in the human body.

Keywords: Mal children and adolescents, nutritional intervention, romato juice, wrinary
polyphenol excretion, biomarker
Introduction

Flavonoids are secondary plant metabolites widely distributed in fruits, vegetables,
nuts, seeds, and flowers, and exert high antioxidant capacity (Duthie and Crozier
2000; Pietta 2000). Multiple biological effects were reported for the flavonoids, which

Correspondence: Professor Laila Hussein, Departments of Nutriion and Food Science, National Research
Center, 12311 Giza-Dokki, Elbohous Streer, Egypt. Tel: 202 24155744, Fax: 202 3370931, E-mail:
egcairouwi@yahoo.com
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promote the health status in general (Scalbert and Williamson 2000; Manach et al.
2004) and affect gut health in particular (Roura et al. 2006).

The peel tissue of tomato (Lycopersicon esculemtum) contains roughly 98% of the
flavonols (quercetin-glycosides and kaempferol-glycosides) and between 95% and
98% of the naringenin chalcone (Stewart et al. 2000; Verhoeven et al. 2002). The
majority of tomatoes’ [PP] are in the form of quercetin 3-rhamnosylglucoside or rutin
(US Department of Agriculture 2003), with levels ranging between 1.3 and 22.2 mg
flavonol'kg fresh weight in one study (de Pascual-Teresa et al. 2000) and between 5
and 30 mgkg fresh weight in a second study (Stewart et al. 2000).

Naringenin (4',5,7-wrihydroxyflavanone; molecular weight, 272.3) flavanone is
present in levels ranging between 8 and 42 mg/'kg whole red tomato (Bugianesi
et al. 2002). Tomato flesh tissues with up to 78-fold excess flavonoid content were
obtained by introducing a new biosynthetic branch through genetic engineering
technology (Werhoeyen et al. 2002; Schijlen et al. 2006). Tomatoes, however, are quite
poor in their flavone content (Hertog and Hollman 1996).

Estimation of the dietary intake of [PP] is difficult due to limited availability of food
composition databases and bias inherent to dietary assessment methods. Dietary
biomarkers represent an objective alternative to the traditional food registration
methods. The 24-h wurinary total flavonoids excreron has been wvalidated in
intervention studies as a potential biomarker for the dietary intake of fruits and
vegetables; its excreton changed in a linear manner with varying exposures
(Krogholm et al. 2004; Roura et al. 2006).

The objective of the present study is to assess the normal distribution patterns and

the clinical laboratory reference limits of urinary total polyphenol excretion among
Egyptian young males consuming a typical Egyptian diet. The changes in the pattern
following nutrition intervention with tomato juice were studied as well,

Materials and methods
Subjects

A total of 49 boys from Giza Wellfare Institute were enrolled in the study. Exclusion
criteria included: regular intake of dietary supplementation or medicine <14 days
before the study start; smoking; disliking the taste of tomato juice; >10 h/week
physical activity; or participation in other experiments during the study period.

Table I. Chamcteristics of the study subjects.

Parameter Mean +standard error Median Range
Age (vears) 10.74+0.35 10 7-14
Body weight (kg) 32.240.65 31 24.5-47
Body mass index (kg/m?) 17.840.51 17.2 15-27.4
Blood hemoglobin (g/dl) 11.040.27 11.03 9-13.4
Urinary creatinine (g/24 h) T70.5487.0 ay7.2 249.6-1674.5
Urinary creatinine (mg/kg 25.6+43.27 25.1 7.1-53.2
body weight)

Urinary [PP] (GAE mg/24 h) 48.6+5.5 46.4 7.3-113.8
Urinary [PP] (GAE mg/g 89.5+8.4 79.2 48.1-198.4
creatinine)
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Detailed characteristics of the volunteers are presented in Table I. The study was
approved by the Ethics Committee of the National Research Center. Informed written
consent was obtained from the director of the Welfare Institute. The participants
consumed three meals daily based on typical Egyptian dishes.

Timely 24-h urine excretions were collected on two or three consecutive days.
The volume of the 24-h urine excretion was recorded and aliquots were saved frozen
at —20°C for subsequent chemical analysis of wurinary total polyphenols and
creatinine.

Nutrition intervention with tomato juice and serving schedule

One batch of 200 kg local juicy tomato variety was purchased from the experimental
station of the Department of Horticulture at the National Research Center. The fruits
were harvested in June 2006, and upon delivery the fruits were freed from the green neck
and were washed thoroughly by soaking in a sink containing running tap water. The
tomatoes were blended in the Waring blender without any additives. The juice was
distributed in 230 g portions in bottles (330-ml capacity) with blue caps. On the day of
consumption, maize oil (4-5 g) was added with a dropper to each borttle. The bottles
were turned upside down in the carton box to allowhomogeneous distribution of the oil.

The design of the nutrition intervention was based on the rationale that subjects
serve as their own control. A subgroup of 27 boys was selected randomly from the 49
boys who completed the 24-h urine collection.

The ice-cold tomato juice was served daily between 5:30 and 7:00 pm for 18 days.

Dierary assessment

A 7-day dietary food record was completed before and during the last week of the
intervention period. The estimated [PP] intakes were calculated using our own
analytical data and the available published data (US Department of Agriculture
2003).

Collection of urine samples

All urine samples were collected in 1,500-ml labeled plastic bortles. The volunteers
received careful instruction about the importance of complete 24-h urine collection.
Compliance to instructions was checked by analysis of the wrinary creatinine.
Successive 24-h urine collections continued until two urine collections with highest
and close creatinine values were obtained. The volume of the 24-h urine samples was
recorded and 10-ml; aliquots were stored at —20°C for total [PP] analysis.

Spot urine samples were collected prior to and 12 h after the last serving day of the
tomato juice. On delivery of the urine samples, two to four 10-ml samples were
distributed in vials, which were stored at -20°C for subsequent analysis.

Analysis of [PP] in the urine samples (Roura et al. 2006)

All chemicals were analytical grade. The solid-phase extraction (SPE) Cartridge
(60 mg) from Waters Qasis reverse phase HLB (Mildford, MA, USA);
with Folin-Ciocalteu reagent (Caralog No47641; Sigma, USA). MilliQ ultrapure
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water (Millipore Iberica, Madrid, Spain) was used throughourt the course of the study.
All of the analytical steps were carried out in dim light.

For clean up with SPE, aliquots of the centrifuged urine samples (1 ml) were aci-
dified with normal hydrochloric acid (17 pl) and were loaded onto an Activated Waters
Carrtridge, preconditioned with 1 ml methanol and equilibrated with 1 ml of 1.5 moll
formic acid in water. The SPE cartridge was washed twice with 2 ml of the same formic
acid and 2 ml of water-methanol (95:5 by volume) to elute the impurities. Elution of
the [PP] was completed with 1 ml of methanol containing 1 ml/l of formic acid (2%)
methanol-H,O (2/60/38 viviv).

Aliquots of the elute (15 pl) were pipetted into a 96-well plate for the colorimetric
determination of the [PP). After the successive addition of Folin- Ciocalteu reagent
(10 pl) and 20% sodium carbonate (32 pl), the final volume was brought to 300 pl
with H,O. The plates were left in the dark for 60 min and then the absorbance of the
color was measured at 765 nm against a blank using a multiscan spectrum equipped
with Skanlt Software version 2 (Thermo Electron Corporation, Spain).

A blank and standard working solutions of gallic acid (1-14 mg/l) were run in
parallel. The detection limit of the method was 0.9 mg gallic acid/l. The results were
expressed as gallic acid equivalents (GAE) per liter of urine.

Urinary creatining

Aliquots of the urine samples (3 pl) were pipetted into a 96-well plate for the
determination of creatinine by the Jaffe (1886) alkaline picrate method. Aliquots
(60 pl) of aqueous picric acid solution (10 g/1) and a 60 pl aliquot of sodium hydroxide
(100 g/1) were added in this sequence, and after 15 min water (232 pl) was added and
the intensity of the color was read at 500 nm in the multiscan spectrum. The
coefficient of variation of the repeatability of the assay was below 12%. Urinary [PP]
excretion was expressed as mg gallic acid equivalent per 24 hours or as GAE per gram
of creatinine,

Analysis of tomato juice for total [PP]

Accurately weighed portions (4 £0.5 g) of the tomato juice were extracted successively
and vigorously in dim light with 5 ml distilled water and then with 20 ml absolute
methanol (Andrés Lacueva et al. 2000). After centrifugation in the cold, the upper layer
was aspirated and concentrated in vacuo to 4 ml. Clean up step on Waters 3 ml HLB
(60 mg); cartridges were 3 ml well-plate equilibrated with the successive addition of
absolute methanol (1 ml) and H2O (1 ml). Aliquots (2 ml) were loaded on the SPE,
washing with the successive addition of H,O (10 ml) and 5% aqueous methanol (1 ml).
The [PP]-containing fraction was collected after the addition of 5 ml absolute
methanol. The elute was concentrated under a stream of nitrogen to 2 ml. Aliquots
(20 ply) were taken for the analysis of [PP] using the spectrophotomertric Folin

Ciocalteu method as described above and the results were expressed as GAE per gram.

Sranstical analysis

The results are displayed as the mean (standard error). Means between study groups
were compared by Student’s r-test. (Excel statistics version 5.0; Excel Software, NM,
USA). P<0.05 (two-tailed) was considered significant.
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Results

Characteristics of the subjects are presented in Table 1. The urinary total [PP]
excretion averaged 48.6+ 5.5 mg GAE/24 h, with median value of 46.4 mg GAE/24 h.
Respective values of 89.5+8.4 and 79.2 were obtained when the results were
expressed as mg GAE/g creatinine (Table I).

Figure 1 illustrates the normal distribution of the urinary [PP] excretion among the
49 studied boys with a mean age of 10 years.

<0 1019 20-20 30-30 40-40 50-5 @0-80 TO-TO BO-80 €000 100100 110-110
Urinary pofyphenol excretion expressed as GAE in mg | 24 hours

(B) Momal distribution of urinary [P P] excretion

40-49 50-59 80- 80 -9 B0 -0 00 - %0 100- 188 200 and mare
Urinary [P P] expressed as GAE / Creatinine; mgig

Figure 1. Normal distribution of urinary excrenion of total polyphenols among healthy males. (a) 24-h urine
[PP)] expressed as GAE. (b) Spot urine sample [PP] expressed a8 mg GAE/g creatinine.

111



Resultats

112

Intervention with tomato juice and urinary polyphenol excretion 307

Tomato intervention study

Tomato juice polyphenols [PP] averaged 106.8 mg/kg; providing 25.6 £1.27 mg total
[PP] per serving (230 g tomato juice).

The studied individuals who participated in the tomato intervention did not differ
significantly with regard to age or physical characteristics. The 27 recruited boys
completed the study with no adverse effects and enjoyed the consumption of the
tomato juices. At the baseline, the mean urinary [PP] excretion was 105.1+13.0 mg
GAFE/g creatinine.

The 18 day nurrition intervention was associated with a significant increase (P <
0.05) in the mean urinary [PP] excretion amounting to 269.8 +65.4 mg GAE/g
creatinine (Figure 2). When the initial urinary concentrations of total polyphenols/
creatinine were set equal to 100%, the percentage average increase following the
nutrition intervention amounted to 185.9 +59.5%.

Major dietary sources of polvphenols in the diet

The stewed faba beans (16 mg polyphenols/100 g) served on breakfast were among
the major [PP) contributors in the diet. Onions (19.6 mg polyphenols/100 g) were
incorporated in the preparation of all vegetables and meats. Oranges (55 mg
polyphenols/100 g) contributed also to the [PP] supply. Berries were not consumed
by the study group during the course of the study. Based on the dietary intake, the
boys consumed on average 80 +15 mg total [PP] in their diet.

Discussion

Dietary biomarkers represent an objective alternative to the traditional food
registration methods since the estimation of dietary intake of [PP] is difficult, owing
to limited availability of food composition databases and bias inherent to dietary
assessment methods (William 1990).

Udnary [P P excreton, mg
GAE [ g creatining

Baseling Thiee weeks cn intervention with
230 g tomato juice
Dietary regimen

Figure 2. Impact of mertional intervention with tomato juice on the unnary [PP] excretion among male
adolescents.
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An essential property of a biomarker is that it changes in a linear manner with
varying exposures (William 1990). For most polyphenols, the urinary excretion values
were consistent with the plasma kinetic data, and relative urinary excretion is currently
used to estimate the minimal absorption rate (Manach et al. 2005).

Urine sampling is non-invasive and is easily accessible in nutritional surveys. The
urinary flavonoids have also been validated as a reliable biomarker for fruits and
vegetables intake (Manach et al. 2005; Roura et al. 2006).

In one study, the urinary flavonoid excretion in 24-h urine (r,=0.86) and in
morning urine (ry, =0.59) increased linearly with increasing fruit and vegetable intakes
{Krogholm et al. 2004). Another study separated 15 flavonoids from the 24-h urine
excreted by individuals following the consumption of six different polyphenol-rich
beverages (Ito et al. 2003). Based on the pattern of flavonoid in the urine, the authors
suggested that chlorogenic acid, gallic acid, epicatechin, naringenin or hesperetin
could be used as specific biomarkers to evaluate the consumption of coffee, wine, tea,
cocoa or citrus juices, respectively (Ito et al. 2005).

The collection of 24-h urine is possible only in the controlled metabolic studies, but
is impractical and too costly for a large-scale cohort study. In an epidemiological
setting, phenolic compounds in spot urine samples were considered a urinary
biomarker in polyphenol exposure studies (Mennen et al. 2006; Roura et al. 2006).

The liquid chromatography instrumentations reported for the isolation and
quantitation of the urinary flavonoids (Krogholm et al. 2004; Ito et al. 2005) are
quite expensive and not practical in epidemiological studies. The method adopted in
the present work for the analysis of urinary [PP] had been described (Roura et al.
2006), which depends on a solid phase extraction [SPE] step combined with the Folin

Ciocalteu assay (Singleton and Rossi, 1956 and Singleton et al., 1999). The Folin
Ciocalteu method also provides a measure of the reducing capacity of total phenolic
content of botanicals in foods and dietary supplements (Prior et al. 2005).

The mean 24-h urinary [PP] excreted by the studied boys in the present study
(48.6 +5.5 mg GAE/24 h) are higher than the respective figures reported earlier
(1.829+ 1.408 mg total flavonoids/24 h) among Danish (Krogholm et al. 2004) and
French (22.6 pmol/day, equivalent to 4.25 mg GAE/day) (Ito et al. 2005; Mennen et
al. 2006) samples. This great discrepancy may be attributed either to technical
differences in the analytical methodologies or to variation in the sources and level of
dietary flavonoids consumed with the diers.

The mean level of urinary [PP] excreted by our studied subjects (89.5 mg GAE/g
creatinine) is coincides with the respective figures reported earier (79.3 90.4 mg
catechin/g creatinine) among Spanish adult male and female volunteers (Roura et al.
2006).

The initial urinary [PP] excreted by our studied subjects before (105.1 £13.0 mg
GAE/g creatinine) and after the 18 days nutrition intervention (269.8 +£65.4 mg GAE/
g creatinine) with tomato juice (25.6 mg PP per serving x 18 days =461 mg PP) were
superior to the respective mean total phenolic acids excreted in the urine of French
subjects before (60.6 mg phenolic acids/g creatinine) and following the consumption
of 80 g chocolate containing 439 mg proanthocyanidins (106.2 mg phenolic acids/g
creatinine) (Rios et al. 2003).

In the present study, the 18 days nutrition intervention was associated with a
percentage average increase of 185.9 +£59.5% in the urinary [PP] excretion relative to
the initial baseline level. An earlier report showed a four-fold increase in 24-h urinary
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phenolic acids among adult non-smokers following the ingestion of 500 mg GAE
oregano packed in gelatin capsules (Nurmi et al. 2006).

There is a growing interest in the development of food crops with enhanced levels of
flavonoids designed for specific benefits to human health. The tomarto is an excellent
candidate given the large daily consumption of tomato and tomato-based products,
being the major horticultural crop grown in the two Mediterranean countries; Egypt
and Spain. The average [PP] content (25.6 £1.27 mg) of tomatoes growing in the
warm sunny climate of Egypt ranked within the upper level reported earlier (530 mg
PP/kg tomato) (Stewart et al. 2000]).

The bioavailability of tomato ferulic acid in humans was investigated through the
monitoring of the pharmacokinetics of urinary excretion in relation to intake, and the
results showed that the peak time for maximal urinary excretion was approximately 7
h and the recovery of ferulic acid in the urine was 11-25% of that ingested (Bourne
and Rice-Evans 1998). Another report showed that urinary recovery of naringenin in
the 6-12 h urine samples accounted for 12.9% of the corresponding glycosides
ingested (Ito et al. 2005). Furthermore, the plasma naringenin peaked (0.124+0.03
pmoll; equivalent to 32.7 pg/l) within 2 h among male adults consuming cooked
tomato paste containing 3.8 mg naringenin (Bugianesi et al. 2002). Naringenin
isomerizes to naringenin chalcone in simulated gut conditions (Gil-Izquierdo et al.
2003), suggesting its dehydrogenation to phloretin by the gut microflora.

In the present study, the amount of the tomarto juice was kept such that it would be
reasonable to consume as part of a normal diet. The 240 g fresh tomato juice served
during the intervention period reflected a human intake of three medium-size tomato
fruits, equivalent to 2.3 g tomato peel and providing 25.64+1.27mg total [PP]
expressed as GAE.

The interindividual variability in the 24-h urinary excretion of [PP] had been
reported by other investigators (Krogholm et al. 2004; Ito et al. 2005). Differences
were attributed to variations in intestinal absorption; polyphenol interactions with
other food ingredients and/or genetic polymorphisms of selected intestinal enzymes
(rapid and slow excretors) are among the confounding factors.

Although this study was based on a male cohort, there is no reason to doubt that the
result would not be applicable to women.

A recent study showed that tomato benefits could be due to a synergistic action
berween lycopene with some polyphenols, thus enhancing its antioxidant properties
(Fuhrman et al. 2000).The total antioxidant capacity of tomatoes correlates with the
color intensity of intact tomatoes (Wold et al. 2004),

In conclusion, the present study demonstrates that urinary [PP] is a useful
biomarker of polyphenol intake in an epidemiological setting.
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Resum:

Una dieta saludable i modificacions en I'estil de vida son els primers passos en
la prevenci6 de la hipertensio, un important problema mundial a nivell de salut
publica. L'objectiu del present treball ha sigut avaluar I'efecte del consum dels
polifenols en la hipertensié arterial en una poblacio adulta amb alt risc
cardiovascular. Com a parametre per determinar la ingesta de polifenols totals
s’han utilitzat els polifenols totals excretats (TPE), biomarcador de la ingesta de
polifenols.

S’ha portat a terme un sub-estudi transversal amb dades de referéncia de
'estudi PREDIMED (www.predimed.org). Als participants, 263 homes i 326
dones amb edats entre 55-80, se’ls van prendre les dades antropometriques, la
pressio arterial, i un questionari de freqiiencia de consum. Els polifenols totals
excretats es van determinar utilitzant el métode de Folin-Ciocalteu, adaptat i
validat pel nostre grup d’investigacié a mostres biologiques i els resultats van

ser dividits en quartils de TPE.

Es va observar una correlacié positiva i estadisticament significativa entre els
TPE i la ingesta total de cafe, vi i fruites-verdures-hortalisses (F&V). La ingesta
d’'una porcié de 100 g de F&V (Beta = 0.150; P < 0.001) va contribuir més als
TPE que una de 100 mL de cafe (Beta = 0.141; P = 0.001) i que una porci6 de
100 mL de vi (Beta = 0.120; P = 0.019). L’'analisi de regressio logistica va

mostrar una associacid inversa entre els TPE (per quartils) i la prevaléncia
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d’hipertensio; els participants del quartil més alt de TPE urinaria van tenir una
reduccio de la prevaléncia d’hipertensio en comparaciéo amb el quartil més baix
(OR =0.64; P = 0.016). En I'analisi de regressio lineal multiple la PA sistolica (B
= -1.731; P = 0.024) i diastolica (8 = -1.264; P = 0.003) es van associar
inversament amb la TPE urinaria després d’ajustar per possibles factors de

confusio.

La ingesta de polifenols, avaluats a través dels TPE en orina, es va associar
negativament amb els nivells de PA i la prevalencia de la hipertensio en una
poblaci6 mediterrania d’'edat avancada amb alt risc cardiovascular. Una
intervencié dietética dirigida a incrementar la ingesta d’aliments rics en

polifenols, podria ser eficient en la prevencio i el tractament de la hipertensio.
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The aim of this study was to assess the relationship between total polyphenol excretion (TPE)
in urine, as an objective measurement of total polyphenol intake and BP in an elderly popula-
tion at high cardiovascular risk.

Methods and results: Cross-sectional substudy of 589 high-risk participants entering in the PRE-
DIMED trial. BP was measured and TPE was determined in urine by Folin—Ciocalteu assay. A
significant positive association was observed between TPE in urine and daily intake of fruit
and vegetables (F&V), coffee or wine after adjusting for potential confounders. The intake
of 100 g of F&V (Beta = 0.150;P < 0.001) had a greater contribution to TPE than 100 mL of
coffee (Beta = 0.141;P = 0.001), and the latter two foods contributed more than the
consumption of 100 mL of wine (Beta = 0.120;P = 0.019). An inverse association was observed
between urinary TPE and the prevalence of hypertension. Participants in the highest guartile
of urinary TPE had a reduced prevalence of hypertension compared to those in the lowest
quartile (Odds Ratio = 0.64; 95% confidence interval 0.45 to 0.92; P = 0.015). Systolic and dia-
stolic BP were inversely associated with urinary TPE after adjustment for potential

Conclusions: Polyphenol intake, assessed via TPE in urine, was negatively associated with BP
levels and prevalence of hypertension in an elderly Mediterranean population at high cardio-
vascular risk. Participants with the highest intake of polyphenol-rich foods showed the lowest

Biomarker
confounders (P = 0.024 and P = 0.003, respectively).
BP measurements.
© 2009 Elsevier B.V. All rights reserved.
Introduction

Hypertension is a major global public health problem [1]. A
healthy diet and lifestyle modification are the first steps for
the management of hypertension [2]. Adoption of
a healthier food pattern such as the Mediterranean diet [3]
or the DASH (Dietary-Approaches-to-Stop-Hypertension)
diet has also been advocated. In addition, there is consid-
erable evidence that the consumption of fruit and vegeta-
bles (F&V) is inversely associated with high BP, whereas
a high consumption of refined cereals or of meat/meat
products is associated with a higher risk [2,4,5].

However, besides sodium and potassium dietary intake,
few studies have analyzed the effects of dietary nutrients,
such as oleic acid [6,7] witamin C or other antioxidant
compounds [8,9] on BP. Some studies have also evaluated
the effects of polyphenol-rich foods such as cocoa [10],
however up to now no studies have evaluated the effects of
total dietary polyphenol intake on this issue.

The total dietary amount of polyphenol is approximately
1g/d [11], being an amount that is higher than any other
known dietary antioxidants; in fact, it is around 10 times
higher than dietary vitamin C and 100 times higher than
vitamin E and carotenoid intake. On the other hand,
epidemiologic data have shown an inverse association
between the risk of overall mortality or cardiovascular
disease and the consumption of polyphenol-rich foods such
as fruit and vegetables, tea, olive oil and wine [12—14].

We undertook, therefore, a substudy within a larger
clinical trial, the PREDIMED study [3,15], in order to eval-
uate whether polyphenol-rich food intake, assessed as the
excretion of total polyphenols (TPs) in spot urine samples,
was associated with average BP and /or with the prevalence
of hypertension. To our knowledge this is the first study to
assess this relationship using biochemical analysis of TPs in

spot urine samples, and directly measuring BP in a large
sample of elderly individuals at high cardiovascular risk.

Methods

Subjects and design

The PREDIMED (PREvencion con Dleta MEDiterrdnea) study is
alarge, parallel-group, multicenter, randomized, controlled
5-year clinical trial aimed to assess the effects of the Med-
Diet on the primary prevention of cardiovascular disease
(www.predimed.org; ISRCTN35739639). The detailed
recruitment method andstudy protocol have been described
previously [3].

From October-2003 to July-2004, we selected 612 poten-
tial participants in primary health centers affiliated with the
Haospital Clinic of Barcelona and the University of Navarra
(Pamplona) in Spain. Eligible participants were free of
cardiovascular disease at baseline and fulfilled at least one of
the following two criteria: (1) type-2 diabetes mellitus and/
or (2) three or more coronary heart disease (CHD) risk factors
[16]. The participants provided written informed consent
and the study protocol was approved by the Institutional
Review Boards of the two participating centres.

Measurements

At baseline, all participants completed a validated semi-
quantitative food frequency questionnaire (FFQ) with 136-
items [17], the walidated Spanish version [18] of the
Minnesota Leisure Time Physical Activity Questionnaire,
and a 47-item questionnaire about education, lifestyle,
history of illnesses and medication use. Trained nurses
measured BP thrice with a validated semi-automatic
oscillometer (Omron HEM-705CP [19]; Hoofddorp, The
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Netherlands). Creatinine-estimated glomerular filtration
rate (GFR) was calculated using the Modification of Diet in
Renal Disease (MDRD) formula in all participants [20].
Energy and nutrient intake was derived from Spanish food
composition tables [21]. The morning urine samples were
collected; the aliquots were immediately prepared, coded,
shipped to a central laboratory and frozen at —80 “C until
analysis. TP consumption from plant food and beverages
(mg/g fresh matter) was quantified according to Saura-
Calixto F et al. [22] and Brat P et al. [23], from the FFQ.

Analysis of total polyphenols in urine

Solid Phase Extraction (SPE) with 96-well plate cartridges
(Oasis® MAX) was performed in the urine samples to avoid
any interference with F—C reagent. For all the spot urine
samples TPs and creatinine were analyzed as described by
Medina-Remon A. et al. [24]. TPE was expressed as mg
gallic acid equivalent (GAE)/g of creatinine.

Statistical analysis

Analyses were performed using SPSS software v14.0 (Chi-
cago, USA). The baseline characteristics of the participants
were expressed as means or percentages and standard
deviations (5D). Variables were examined for normality and
skewness (Kolmogorov and Levene tests). The variable
urinary TPE, which was not normally distributed and was
not normalized by the logarithmic transformation, were
Box—Cox transformed with o =0.00001 and 7 = 0.25.
Participants were divided into quartiles according to their
urinary TPE (not normalized).

Pearson correlation coefficients were used to examine
the unadjusted correlation between the urinary TPE and TP
intake according to FFQ, as well as in the different food
groups using units of 100 g/day. Multivariate linear regres-
sion models were used to assess the relationship between
the TPE normalized in urine as the dependent variable, and
TP intake (100 mg), total F&V (100 g), wine (100 mL) and
coffee (100 mL), as the exposure variable with adjustment
for potential confounders (see below). The relationship
between the urinary TPE quartile and systolic or diastolic
BP was assessed by linear regression models adjusted for
potential confounders. Four models were fitted with each
independent variable. Logistic regression models were
fitted to assess the relationship between urinary TPE
(categorized in quartiles) and hypertension status. Odds
ratios (ORs) and 95% confidence intervals (Cl) were calcu-
lated using the lowest quartile as the reference category.
P-values < 0.05 (two-tailed) were considered to be signifi-
cant. Diagnostics for the detection of outliers, multi-
collinearity, homoscedasticity, and the normality and
independence of errors were assessed when appropriate.

Results
Participant characteristics

Twenty-three out of 612 presumably eligible participants
were excluded from entry in the study; 11 declined to
participate and 12 did not meet inclusion criteria. Thus, 589

participants entered the study, 263 men[mean age 66.3
(6.1) y] and 326 women[mean age 69.2 (5.6) y]. By study
design, participants were older than 55 years, mostly
overweight[mean body mass index 29.36 (3.37) kg/m?], and
with a sizeable burden of cardiovascular risk factors (32.6%
diabetics, 80.8% hypertensive, 62.6% with dyslipidemia,
16.1% active smokers and 34.8 % had a family history of
early-onset CHD).

Food and nutrient intake and urinary total
polyphenol excretion

Almost all of participants adhered to a Mediterranean-style
diet at baseline with a relatively high consumption of
vegetables, fruits, legumes, olive oil and nuts, and
a moderate intake of fish and wine, and lower, but also
a relatively high intake of meat, meat products, pastries
and dairy products. However, when nutrient intake was
estimated, large between-subject variability in daily TPs
intake was observed (from 122.96 to 3298.17 mg/day). This
variability was consistent with the variation observed when
the TPE in urine was analyzed. In fact, a weak but signifi-
cant Pearson correlation was obtained between dietary
intake of TPs from FFQ and urinary TPE measured
(r=0.179; P< 0.001).

Table 1 shows the average food consumption of study
participants divided according to quartiles of urinary TPE
expressed as mg GAE/g creatinine. Significant increasing
trends across quartiles of TPE were observed for the
intake of fruits, vegetables, total F&V, dairy products,
fish and TP intake; whereas decreasing trends across TPE
quartiles were observed for total alcohol intake, cereals,
olive oil, pastries, cakes or sweets, as well as total energy
intake.

The linear regression analyses of TPE in spot urine
samples and TP intake (100 mg), total F&V intake (100 g),
wine intake (100mL) and coffee intake (100mL) are
presented in Table 2 with various models. The remaining
variables are not shown because they did not exhibit any
significant association with urinary TPE adjusted for
potential confounding factors. We observed a significant
positive association between urine TPE and daily intake of
F&V, as well as with daily intake of coffee in the unad-
justed model (8 = 0.131;P < 0.001 and @ = 0.261;P < 0.05,
respectively). After adjusting for potential confounding
factors in models 2, 3 and 4, the association remained
statistically significant in the multivariate regression
analysis. TPE concentration in spot urine samples showed
a significant inverse association with the intake of wine,
3 = —0.090, P=0.05 in the unadjusted model; but after
adjusting for potential confounding factors this associa-
tion reversed and became positive and statistically
significant (8=0.121, P=0.019).

The standardized coefficients (Beta) are the regression
coefficients obtained with the regression model using the
standardized values (measured in standard deviation units),
and are therefore independent of measurement units. The
standardized coefficients (Table 2) from this model showed
that total phenol intake (Beta= 0.283), F&Y intake
(Beta = 0.150) contributed more to urinary TPE than coffee
(Beta = 0.141), and both contributed to a greater extent
than wine (Beta = 0.120).
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Table 1
creatinine.

Daily intake of selected foods according to quartiles of excreted total urinary polyphenols, expressed as mg GAE /g

Urine mg GAE/ g creatinine concentration quartile

Q1 (<89.0) Q2 (89.1-119.5) Q3 (119.6—160.2) Q4 (=160.3) P for trend®
Urine total polyphenol 72.8 (11.6) 103.1 (8.2) 138.2 (11.1) 226.1 (69.8) =0.001
{(mg GAE/ g creatinine)®
Mo. of subjects 147 148 147 147 0.742
Olive oil (g) 48.7 (14.3) 47.3 (13.7) 45.1 (14.6) 45.0 (15.7) 0.014
Total nuts (g) 8.6 (10.7) 9.2 (11.3) 9.6 (12.2) 9.1 (10.9) 0.680
Vegetables (g) 253.1 (80.2) 261.1 (81.1) 262.6 (84.0) 272.7 (92.1) 0.053
Legumes (g) 17.9 (7.0) 17.9 (7.5) 17.7 (7.0) 16.5 (7.6) 0.107
Fruits (g) 304.6 (143.6) 319.3 (141.3) 315.1 (132.9) 360.8 (151.2) 0.002
Total fruits 557.7 (176.8) 580.4 (173.3) 577.7 (162.1) 633.5 (190.1) 0.001
and vegetables (g)
Fish or seafood (g) 86.5 (34.0) 82.2 (35.8) 88.7 (36.9) 94.1 (39.0) 0.030
Meat or meat 132.0 (49.6) 129.7 (43.7) 134.3 (48.5) 134.2 (47.5) 0.521
products (g)
Pastries, cakes or sweets (g) 34.8 (31.8) 27.9 (24.8) 25.3 (25.9) 23.7 (28.7) =0.001
Cereals (g) 243.7 (106.7) 235.8 (91.6) 228.7 (98.3) 211.3 (83.3) 0.003
Milk and dairy 352.1 (214.8) 378.8 (216.5) 396.5 (222.1) 403.1 (215.1) 0.033
products (mL)
Wine (mL) 121.1 (147.0) 81.5 (137.9) 101.1 (161.5) 81.3 (149.3) 0.071
Coffee (mL) 63.3 (47.7) 69.6 (52.9) 67.5 (48.3) 74.5 (56.0) 0.097
Tea (mL) 3.92 (16.4) 3.25 (11.4) 4.16 (12.6) 5.47 (20.4) 0.332
Chocolate (g) 3.1 (6.2) 2.4 (5.2) 2.3(5.5) 1.9 (4.8) 0.063
Matural orange 23.3 (54.3) 25.19 (57.8) 13.4(41.2) 19.1 (50.8) 0.199
juice (mL})
Total polyphenol 1075.6 (354.9) 1057.5 (320.2) 1086.2 (322.3) 1222.5 (439.8) 0.001
intake (mg GAE)
Alcohol (g) 15.7 (17.9) 10.2 (16.0) 12.2 (18.5) 9.9 (17.8) 0.018
Fibre (g) 22.1 (6.2) 22.0(5.5) 21.9(5.2) 22.5 (6.2) 0.606
Cholesterol (g) 353.6 (119.7) 328.6 (93.7) 340.5 (113.4) 342.1 (89.4) 0.561
Sodium (mg/d) 3347.7 (959.2) 3088.0 (905.4) 3123.2 (1006.5) 3145.4 (877.2) 0.100
Potassium (mg/d) 3926.7 (722.3) 3929.4 (700.9) 3994.8 (805.5) 4029.7 (659.7) 0.161
Total energy, Kcal/d 2380.1 (586.8) 2238.0 (472.0) 2205.1 (547.4) 2138.5 (476.8) =0.001

2 One-factor ANOVA was used for continuous variables and ?-test for categorical variables.

® Mean (standard deviation). GAE: gallic acid equivalent.

Urinary polyphenol analysis and cardiovascular risk
factors

Table 3 shows the profile of cardiovascular risk factors of
participants according to the quartile of urinary TPE. A
higher polyphenol excretion in urine was associated with
older age (P for trend < 0.001), lower systolic (P for
trend = 0.015) and diastolic BP (P for trend < 0.001), and
a lower, but not significant, use of anti-hypertensive
medication. However, participants in the highest quartile
of TPE reported a lower educational level than those in the
lower guartile categories, had a higher prevalence of dia-
betes, but were less likely to be smokers, and to have
a family history of CHD.

On multivariate linear regression analyses, systolic and
diastolic BP exhibited a monotonic inverse association with
TPE in spot urine samples (quartiles) after adjustment for
potential confounders (Table 4). The non-standardized coef-
ficients, 3 = —1.731(P = 0.024) and § = —1.264(P = 0.003)
represent the expected change of systolic and diastolic BP,

respectively, corresponding to an increase from a TPE to the
upper quartile.

Logistic regression analysis showed an inverse associa-
tion between urinary TPE (by quartile) and the prevalence
of hypertension (Table 5). Compared to the participants in
the lowest quartile of TPE (<88.99 mg GAE/g creatinine),
participants in the highest quartile (>160.23 mg GAE/g
creatinine) had a significantly reduced prevalence of
hypertension (OR = 0.71, CI 0.53 to 0.95; P = 0.022) in the
unadjusted model. In all three models, a significant
difference was observed between the top and the bottom
quartiles for the prevalence of hypertension, after adjust-
ment for potential confounders. When the analysis was
adjusted for all possible confounding factors (model 4),
participants in the highest quartile had a 36% reduced odds
of hypertension (OR = 0.64, Cl 0.45 to 0.92;P = 0.015),
compared to those in the lowest quartile. Finally, BP
correlated better with urinary TPE than with TP intake
assessed by FFQ. In fact, a highly significant association
between polyphenol intake assessed via TPE in urine and
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Table 2

Multivariate linear regression analysis with total polyphenol excreted normalized, in spot urine samples (mg GAE/g

creatinine) as the dependent variable, and total polyphenol (100 mg/d), total fruit and vegetable (100 g/d), wine (100 mL/d)
and coffee (100 mL/d) intakes, as exposure variable, adjusted for potential confounders.

Model 8 SE Beta P 95 % Cl
Total polyphenol Model 1 0.073 0.017 0.179 =<0.001 0.041 to 0.106
intake (100 mg/d) Model 2 0.110 0.016 0.268 =<0.001 0.078 to 0.141
Model 3 0.117 0.017 0.286 =<0.001 0.085 to 0.150
Model 4 0.116 0.020 0.283 =<0.001 0.077 to 0.154
Fruit and Vegetables (100 g) Model 1 0.131 0.035 0.155 =0.001 0.064 to 0.199
Model 2 0.112 0.033 0.132 0.001 0.047 to 0.177
Model 3 0.107 0.034 0.126 0.002 0.040 to 0.174
Model 4 0.127 0.036 0.150 =<0.001 0.056 to 0.198
Wine (100 mL) Model 1 —0.090 0.041 —0.090 0.029 —0.171 to —0.00%
Model 2 0.063 0.045 0.063 0.164 —0.026 to 0.152
Model 3 0.075 0.047 0.075 0.107 —0.016 to 0.166
Model 4 0.121 0.051 0.120 0.019 0.020 to 0.222
Coffee (100 mL) Model 1 0.261 0.120 0.089 0.030 0.025 to 0.497
Model 2 0.321 0.115 0.110 0.006 0.095 to 0.548
Model 3 0.373 0.116 0.128 0.001 0.144 to 0.602
Model 4 0.414 0.119 0.141 0.001 0.181 to 0.647

#: Mon-standardized coefficient (regression line coefficient); SE: Standard error; Beta: Standardized coefficient; Cl: Confidence interval;
P: two-sided test of significance; Model 1: unadjusted; Model Z was adjusted by sex, age and weight; Model 3 as in Model 2 plus smoking
status, physical activity, educational level and energy expenditure in physical activity; Model 4 was adjusted as in Model 3 plus total fish/
seafood, olive oil, beer, chocolate, natural orange juice, tea, cereals, milk and diary products, meat or meat products, nuts, pastries/
cakes/sweets, fruits and vegetables, wine and coffee intake; GAE: Gallic acid equivalent.

systolic (P for trend = 0.024) and diastolic BP (P for
trend = 0.003) was observed (Table 4), whereas polyphenol
intake assessed via FFQ tended to be associated with BP
values, but here the association did not reach the statistical
significance.

Discussion

In the current study, we observed an inverse association
between urinary TPE, an objective measurement of poly-
phenol intake, and the risk of hypertension in a large Spanish
cohort of elderly participants at high cardiovascular risk. In
addition, systolic and diastolic BP measurements correlated
negatively with urinary TPE after adjustment for potential
confounders. The results fromthe present study also provide
evidence that total phenol, F&V, coffee and wine intake in
the Mediterranean diet are positively correlated with the
excretion of TPs in spot urine samples. The intake of F&V
contributed more to urinary TPE than coffee, and wine
consumption. In addition, the absolute daily consumption of
F&V in gramswas 781% and 852% higher than the daily intake
of coffee and wine, respectively.

F&V, and beverages such as coffee, tea and red wine,
constitute the main sources of polyphenols [25]. Poly-
phenols represent a wide variety of structures from
different subclasses, that explain the difficulties to esti-
mate the TP content in these foods, mainly F&V [23].
Poly phenols are quantitatively the main dietary antioxidant
source; however, the biological effects of these compounds
depends on their bioavailability, their kinetics and exposure
time [26]. The most common polyphenols in the human diet
are not necessarily the most active in vivo, either because

they have a lower intrinsic activity than others or because
they are poorly absorbed from the intestine, highly
metabolized, or rapidly eliminated [25].

Most dietary polyphenols (75—99%) are not found in
urine, and the quantities detected intact vary from one
phenolic compound to another [11]. This fact may be due to
their reduced absorption through the gut barrier, their
excretion to the bile or their metabolization by the colonic
microflora or our own tissues. To acquire high plasma
concentrations requires repeated ingestion of polyphenol-
rich foods [27].

The BP lowering effects of fruit- and vegetable-rich
diets in hypertensive patients have mainly been attributed
to the presence of multiple antioxidants. Two different
double-blind cross-over trials [10,28] with polyphenol rich
food (dark chocolate versus white and a rich versus low
flavonoid sweet juice) showed that the polyphenols rich
food reduced BP.

The clinical relevance of the endothelium-dependent
effects of plant polyphenols is dependent upon their
systemic availability. For this reason, intestinal absorption
and metabolism of the plant polyphenols are a rate-limiting
step for the protective effects of this class of compounds.
In healthy volunteers, the coronary flow-velocity reserve
increased 30 min after drinking red wine (1 g/kg ethanal),
a polyphenol-rich beverage, but not after drinking the same
quantity of alcohol as vodka or white wine, a polyphenol-
free beverage or an alcoholic beverage with medium
polyphenolic content, respectively [29]. Endothelium-
dependent vasodilatation also improved in men, after the
acute intake of 500 mL of red wine and de-alcoholized red
wine [30]. In patients with mild isolated systolic
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Table 3  Baseline characteristics of the study participants by quartile of total polyphenol excretion expressed as mg GAE/g

creatinine.

Urine mg GAE/ g creatinine concentration quartile

Q1 (<88.99) Q2 (89—119.46) Q3 (119.47—-160.22) 04 (>160.23) P for trend®
No. of subjects 147 148 147 147
Age, (y) mean (SD) 66.0 (5.7) 68.3 (6.1) 68.0 (5.8) 69.3(6.0) =< 0.001
Women, n (%) 51 (34.7) 83 (56.1) 85 (57.8) 107 (72.8) < 0.001
Weight (kg), mean (SD) 80.0 (11.1) 75.3 (11.2) 74.1 (10.3) 71.7 (11.2) < 0.001
BMI, (kg/m?), mean (SD) 29.6 (2.9) 29.6 (3.7) 29.2 (3.7) 29.1 (3.4) 0.171
Overweight or obese 138 (93.9) 137 (92.6) 128 (87.1) 135 (91.8)  0.263
(BMI =25 Kg/m2), n (%)
Systolic BP (mm Hg), mean (SD) 156.0 (15.6)  152.2 (18.3) 155.0 (21.6) 149.1 (16.0)  0.015
Diastolic BP (mmHg), mean (SD) 88.9 (10.2) 86.2 (9.8) 85.5 (11.8) 83.4 (8.5) < 0.001
Hypertension, n (%) 123 (83.7) 126 (85.1) 113 (76.9) 114 (77.6)  0.067
Diabetes, n (%) 31 (21.1) 47 (31.8) 52 (35.4) 62 (42.2) < 0.001
Dyslipidemia, n (%) 78 (53.1) 103 (69.6) 93 (63.3) 96 (65.3)  0.097
Current smoker n (%) 39 (26.5) 20 (13.5) 22 (15.0) 14 (9.5) = 0.001
Family history of CHD, n (%) 45 (30.6) 46 (31.1) 47 (32.0) 67 (45.6)  0.008
Medication, n (%)
ACE inhibitors 119 (81.0) 114 (77.0) 106 (72.1) 107 (72.8)  0.063
Diuretics 11 (7.5) 7 (4.7) 7 (4.8) 9 (5.8) 0.639
Statins or other hypelipidemic drugs 42 (18.6) 70 (47.3) 69 (46.9) 65 (44.2) 0.01
Insulin 3 (2.0 4(2.7) 12 (8.2) 9 (6.1) 0.024
Oral hypoglycemic drugs 17 (11.6) 26 (17.6) 26 (17.6) 36 (24.5) 0.006
Aspirin or other antiplatelet drugs 29 (19.7) 28 (18.9) 37 (25.2) 30 (20.4) 0.582
Educational level, n (%)
Primary school 104 (70.7) 112 (75.7) 108 (73.5) 121 (82.3) 0.0
High school 24 (16.3) 18 (12.2) 28 (19.0) 18 (12.2)  0.685
University 19 (12.9) 17 (11.5) 10 (6.8) 7 (4.8) 0.006
Energy expenditure in physical 256.0 (215.5) 245.9 (220.7) 293.1 (231.0) 255.3 (205.3) 0.576
activity (kcal/d), mean (5D)
Glomerular filtration rate, mL/min T2 (16.4) 78.1 (14.8) 78.1 (18.1) 79.5 (18.9) 0.264

# ANOVA-one factor was used for continuous variables and «*-test for categorical variables. BMI: body mass index (calculated as weight
in kilograms divided by height in square meters); BP: blood pressure; ACE: angiotensin-converting enzyme; CHD: coronary heart disease.

hypertension, intake of consecutive daily doses of 100 g of with extra-virgin olive oil and a reduction in total and
polyphenol-rich dark chocolate (500 mg of polyphenols), saturated fatty acid intake favorably affect BP control in
but not polyphenol-free chocolate, decreased both systolic pharmacologically treated hypertensive patients [32]. All
and diastolic BPs within 10 days [31]. Dietary interventions these studies support the view that polyphenol-rich diets

Table 4  Multivariate linear regression analyses with systolic blood pressure and diastolic blood pressure as the dependent
variables, and quartile of total polyphenol excreted in spot urine samples (mg GAE/g creatinine) as expesure variable, adjusted

for potential confounders.

Model 8 SE Beta P 95 % Cl

Systolic blood pressure Model 1 —1.743 0.712 —0.104 0.015 —3.141 to —0.345
Model 2 —1.895 0.741 -0.113 0.011 —3.350 to —0.440
Model 3 —1.895 0.743 —-0.113 0.011 —3.354 to —0.436
Model 4 —1.731 0.765 —0.103 0.024 —3.233 to —0.228

Diastolic blood pressure Model 1 —1.705 0.397 —0.180 <0.001 —12.485 to —-0.925
Model 2 —1.438 0.408 —0.152 <0.001 —2.238 to —0.637
Model 3 —1.405 0.409 —0.148 0.001 —2.208 to —0.602
Model 4 —1.264 0.422 —0.133 0.003 —2.092 to —0.435

§: Non-standardized coefficient (regression line coefficient); SE: Standard error; Beta: Standardized coefficient; Cl: Confidence interval;
P: two-sided test of significance; Model 1: unadjusted; Model 2: adjusted by sex, age and weight; Model 3 adjusted as in Model 2 plus
smoking status, physical activity, and educational level; Model 4 adjusted as in Model 3 plus additionally adjusted for medication use
(angiotensin-convertor enzyme inhibitors, diuretics, statins or other hypolipidemic drugs, insulin, oral hypoglycemic dmugs and aspirin or
other antiplatelet drugs) consumed in the last month, sodium and potassium intake and glomerular filtration rate (GFR); GAE: Gallic acid

equivalent.
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Table 5 Multivariate adjusted odds ratios (95% confidence intervals) for cardiovascular risk factors (hypertension) according
to quartiles of total polyphenol excretion expressed as mg GAE/g creatinine using the lowest quartile group as reference
category.

Urine mg GAE/ g creatinine concentration guartile

Q1 (<88.99) Q2 (89—119.46) Q3 (119.47-160.22) Q4 (>160.23) P for trend
Hypertension, n (%) 123 (83.7) 126 (85.1) 113 (76.9) 114 (77.6) 0.067
Model 1 1.00 1.82 (0.33-10.13) 0.67 (0.29-1.55) 0.71 (0.53-0.95) 0.021
Model 2 1.00 1.40 (0.21-9.24) 0.61 (0.25—1.47) 0.64 (0.46—0.89) 0.006
Model 3 1.00 1.29 (0.19-8.49) 0.55 (0.22-1.37) 0.65 (0.47-0.91) 0.007
Model 4 1.00 1.39 (0.19=10.34) 0.55 (0.20—1.48) 0.64 (0.45-0.92) 0.047

Model 1, unadjusted; Model 2 was adjusted for sex, age and weight; Model 3 adjusted as in Model 2 plus smoking status, physical activity,
educational level and energy expenditure in physical activity; Model 4 was adjusted as in Model 3 plus medication intake: ACE inhibitor,
diuretics, statins (hypolipidemic drugs), insulin, oral hypoglycemic drugs, aspirin or other antiplatelet drug supplements taken in the last
month, sodium and potassium intake and glomerular filtration rate (GFR); GAE: Gallic acid equivalent.

may improve endothelium function and reduce BP in
hypertensive subjects.

F&V seem to be essential items in the prevention of
dietary diseases. Some epidemiological evidence supports
that a diet rich in F&V may help prevent BP from increasing
and help decrease elevated BP levels for those with high
normal BP or hypertension [33]. In the SUN study [4], the
prevalence of non-previously diagnosed hypertension was
inversely associated with F&V consumption in a Mediterra-
nean population with a very high intake of both fat- and
plant-derived foods. In the Nurses” Health Study, intake of
F&V was also inversely associated with systolic and diastolic
BP, whereas the intake of cereals and meat was directly
associated with systolic BP [34]. After the 8-year follow-up
in 1714 employed middle-aged men in the Chicago Western
Electric Study, vegetable protein, beta-carotene, and an
antioxidant vitamin score based on vitamin C and beta-
carotene were inversely and significantly related to an
average annual change in BP [35]. Thus, in all mentioned
studies a high consumption of F&Y was associated with
a decrease in BP levels. In the current study performed in
a free-living Spanish high-risk population, we observed
a similar effect when consumption of F&V was high.
However, until now, no study has tried to correlate the
biomarker of TP intake, determined in spot urine samples,
with BP measurements or with the prevalence of hyper-
tension. Taking into account that greater excretion of
polyphenols in urine is determined by high TP consumption,
we suggest that the observed independent inverse associ-
ation of objectively measured TPE in urine samples with BP
is very probably related to a favourable effect of TP intake
in preventing raised BP levels.

Recently, in the SUN study [36] adherence to the Medi-
terranean diet was not associated with hypertension.
However, it was associated with reduced changes in mean
levels of systolic and diastolic BP after a 6-year follow-up,
suggesting that adherence to a Mediterranean-type diet
could contribute to the prevention of age-related changes
in BP. Estruch et al. [3] compared the short-term effects of
2 Mediterranean diets versus those of a low-fat diet on
intermediate markers of cardiovascular risk in an inter-
vention feeding trial, participants included in the Medi-
terranean diet groups supplemented with either olive oil or
nuts showed a significant decrease in systolic and diastolic

BP measurements after 3-months of intervention compared
to the low-fat diet group. Our results also add to the
increasing evidence that polyphenol-rich diets decrease BP.

Our study has some limitations. First, the participants
were elderly subjects at high risk for cardiovascular
disease, thus the results can not be extrapolated to the
general population. However, since most were hypertensive
subjects, our results confirm the usefulness of polyphenol-
rich diets in the management of hypertension. A second
limitation of our study is its cross-sectional nature which
does not allow definitive establishment of causal relation-
ships. However, the current study has the strength of the
objective measurement of polyphenol intake by determi-
nation of urinary TPE which allows a more precise corre-
lation to be obtained with biological variables than data
obtained by FFQ [37,38]. Another limitation is that the
colonic microflora catalyze the breakdown of the poly-
phenol itself to more simple compounds, such as valer-
olactones or other chemical structures that are not able to
further reduce the chemicals present in the F—C reagent
and the behavior of these compounds in the SPE has not
been studied.

In summary, we report that a high TPE in spot urine is
negatively associated with BP levels in an elderly Mediter-
ranean population. Thus, a high intake of polyphenol-rich
diet may help to decrease BP in elderly hypertensive pop-
ulations in order to lower their cardiovascular risk.
Compared with the lowest quartile of TPE, in the partici-
pants in the highest quartile, the odds of hypertension were
reduced by 36% after adjustment for potential confounding
factors. However, the observation that systolic and dia-
stolic BP decrease when TPE increases needs to be
confirmed in further intervention studies. A longer follow-
up of the whole PREDIMED trial will eventually provide the
evidence to confirm our results.
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tigaciones Cientificas, Sevilla, Spain: Javier S. Perona, PhD.

Municipal Institute for Medical Research, Barcelona,
Spain: Montserrat Fité, PhD; Jaime Marrugat, MD, PhD;
Roberto Elosua, MD, PhD.
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University Institute for Health Sciences Investigation,
Palma de Mallorca, Spain: Fernando Rigo, MD; Guillem
Frontera, MD.

Primary Care Division, Catalan Institute of Health, Bar-
celona, Spain: Carmen Cabezas, MD.
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4.4 Publicaci6 4: Consum de polifenols i pressio arterial.

Alexander Medina-Remén, Ramén Estruch, Cristina Andres-Lacueva, and

Rosa-Maria Lamuela-Raventos.

Archives of Biochemistry and Biophysics (En procés de revisio)

Resum:

La hipertensido é€s un dels principals factors de risc cardiovascular, que es
podria modificar mitjancant la dieta. D’altra banda, en diversos estudis
epidemiologics s’observa una associacio inversa entre el risc de malalties
cardiovasculars i el consum d’aliments rics en polifenols. Degut a les dificultats
en mesurar el consum de polifenols totals (TP) mitjancant els questionaris de
frequéncia de consum (FFQ), un nou métode per a la determinacio dels
polifenols totals excretats (TPE) en orina, ha sigut descrit i provat, com a

biomarcador del consum total de polifenols.

En aquest treball han sigut revisats els principals estudis epidemiologics que
relacionen el consum de TP i la pressi6 arterial (PA). A més, es va descriure un
meétode rapid per a la determinacié dels TP en mostres d'orina utilizant el
metode de Folin-Ciocalteu, posterior a una extraccio en fase solida amb
plagues de 96 cartutxos Oasis® MAX. Aquesta determinaci6 es va
correlacionar amb la pressié arterial sistolica i diastolica. Aquest metode és

rapid, senzill i permet I'analisi simultania d’un gran nombre de mostres.

En un sub-estudi transversal amb dades inicials de I'estudi PREDIMED es va
observar com els TPE en mostres d’orina puntuals del mati es correlacionen

millor que els TP ingerits mesurats a través dels FFQ.

S’observa una associacid inversa entre els TPE en l'orina i la prevaléncia
d’hipertensio; els participants en el quartil més alt de TPE en orina, presentaven
una menor prevalencia d’hipertensio, comparat amb els del primer quartil de
TPE (ORs=0.64; 95% CI 0.45 a 0.92; P=0.016). La PA sistolica i diastolica van
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ser inversament associades amb els TPE (P=0.025 and P=0.002,

respectivament), després d’ajustar per factors confusors potencials.

Es va concloure que la metodologia utilitzada per a la determinacié de
polifenols totals en mostres d’orina pot ser molt util per a determinar els
polifenols totals ingerits, tant en estudis epidemiologics com en estudis clinics.
A més, els polifenols ingerits, mesurats via TPE en orina, mostren una millor
correlaci6 amb els nivells de pressio arterial i la prevaléncia d’hipertensié que

els polifenols mesurats mitjancant les FFQ.
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ABSTRACT

Hypertension is one of the main cardiovascular risk factors, modifiable by diet.
On the other hand, an inverse association between risk for cardiovascular
disease and consumption of polyphenol-rich foods has been found in several
epidemiologic studies. Due to difficulties in achieving reliable assessment of
total polyphenol (TP) intake using data obtained by food frequency
questionnaires (FFQ), a new method for measurement of total polyphenols
excreted (TPE) in urine has been described and tested as a marker of TP
intake.

We review the epidemiological studies on the relationship between polyphenol
intake and blood pressure (BP) and we describe a rapid Folin-Ciocalteu method
to determine TP in urine samples using Oasis® MAX 96-well plate cartridges for
solid phase extraction to correlate with BP. This method is fast, simple and
allows simultaneous analysis of a large number of samples. We then performed
a cross-sectional substudy with baseline data from the PREDIMED (Prevencién
con Dieta Mediterranea) study in order to evaluate whether TPE in spot urine
correlated better with clinical data (BP and hypertension status) than TP intake
assessed by FFQ. The patrticipants studied included 263 men and 326 women,
aged 55-80, at high risk for coronary heart disease. FFQ was recorded,
anthropometric data and BP, measured and TPE in urine determined. The
volunteers were divided into quartiles according to their TPE in urine. An
inverse association between urinary TPE and the prevalence of hypertension
was observed; participants in the highest quartile of urinary TPE had a reduced
prevalence of hypertension compared to those in the lowest quartile (ORs=0.64;
95% CI 0.45 to 0.92; P=0.016). Systolic and diastolic BP were also inversely
associated with urinary TPE after adjustment for potential confounders
(P=0.025 and P=0.002, respectively).

We conclude that the methodology used to measure TP in urine samples may
be very useful to assess TP intake in epidemiological and clinical studies. In
addition, polyphenol intake, assessed via TPE in urine, shows good correlations
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with BP levels and the prevalence of hypertension in an elderly Mediterranean
population than polyphenol intake assessed by FFQ.

Keywords: Polyphenol intake; biomarkers; urinary polyphenol; hypertension;
blood pressure.

Abbreviations: blood pressure (BP); coronary heart disease (CHD); Folin-
Ciocalteu (F-C); fruit and vegetables (F&V); gallic acid equivalent (GAE); odds
ratios (ORs); solid phase extraction (SPE); total polyphenols (TP) and total
polyphenol excretion (TPE)
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Introduction

Hypertension is a major global public health problem, affecting approximately 1
billion individuals, causing 7.6 million premature deaths and 6% of all cases of
disability-adjusted life years worldwide [1]. This disease is also one of the main
modifiable cardiovascular risk factors in the elderly and the first step in its
management is to follow a healthy diet such as the Mediterranean [2] or the
DASH (Dietary-Approaches-to-Stop-Hypertension) diets [3] and/or to improve
lifestyle, for instance, by reducing body weight and increasing physical activity
[4]. The Mediterranean and DASH diets are both rich in fruits and vegetables
(F&V), which have been considered rich sources of phytochemicals, and are
inversely associated with high blood pressure (BP) [5;6].

Numerous epidemiological studies have demonstrated an inverse association
between polyphenol-rich foods such as cocoa, F&V, tea, olive oil and wine [6-
11] and the risk of overall mortality or cardiovascular disease, whereas a high
consumption of refined cereals or meat/meat products is associated with a
higher cardiovascular risk [4;6;12]. Fish consumption, another food
characteristic of the Mediterranean diet, and low-fat dairy products, may also
reduce the risk of hypertension [4; 13-17]. In addition, some studies have
analysed the effects of sodium and potassium dietary intake, vitamin C or other
antioxidant compounds on BP [18;19], but only a previous study by our group
has evaluated the effects of total dietary polyphenol intake on this issue [20].

Total dietary polyphenol levels are roughly 1 g/d [21], which is around 10 times
higher than dietary vitamin C and 100 times higher than vitamin E and
carotenoid intake. The health effect of polyphenols depends on their intake,
synergism and bioavailability [22]. Biomarkers of the intake of some nutrients
are more precise and provide better objective measures than data obtained
from food frequency questionnaires (FFQ). The development of biomarkers,
measured in blood and urine, is essential for making accurate estimates of
polyphenol intake. However, the relationship between dietary intake and
nutritional biomarkers is often highly complex [23].

The aim of this work was to review the epidemiological studies on the
relationship between polyphenol intake and BP, a fast method [24] for
evaluation total polyphenols excreted (TPE) in spot urine samples that could be
used as a marker of intake, bioavailability and accumulation of total polyphenols
(TPs) and a cross-sectional trial [20] performed within a larger clinical trial, the
PREDIMED study [2; 25]. This latter study was conducted to evaluate whether
TPs excreted in spot urine samples as a biomarker of TP intake was associated
with BP and/or with the prevalence of hypertension in elderly individuals at high
cardiovascular risk.

Epidemiological studies on polyphenol intake and blood pressure

Polyphenols are the main dietary antioxidant source and represent a wide
variety of structures from different subclasses. The biological effects of these
compounds depend on their bioavailability, their kinetics and exposure time
[26]. The main sources of these compounds are fruit, vegetables and beverages
such as wine, coffee and tea which contain complex mixtures of often poorly
characterized antioxidants [27], possibly explaining the difficulties in determing
total phenol content in food [28].
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The presence of multiple antioxidants in fruit- and vegetable-rich diets may
explain the lowering effect on BP observed in hypertensive patients. A protect
effect of F&V against cardiovascular disease (CVD) has been observed in
numerous epidemiological studies [6; 7]. Thus, high intake of F&V correlated
with a reduced risk of CVD in a study on 2682 men in Finland [29]. Radhika G.
et al. [30] also examined the relationship between F&V intake and CVD risk
factors in urban south Indians. The study population was comprised of 983
individuals aged 20 years or more, selected from the Chennai Urban Rural
Epidemiological Study (CURES). Linear regression analysis revealed that after
adjusting for potential confounder factors, the highest quartile of F&V intake
showed a significant inverse association with systolic BP (8=-2.6 mmHg;
P =0.027), when compared with the lowest quartile. A high intake of F&V
explained 48 % of the protective effect against CVD risk factors.

Similarly, the prevalence of non-previously diagnosed hypertension in the SUN
study [6] was inversely associated with F&V consumption in a Mediterranean
population with a very high intake of both fat- and plant-derived foods. In the
Nurses’ Health Study, intake of F&V was also inversely associated with systolic
and diastolic BP, whereas the intake of cereals and meat was directly
associated with systolic BP [31]. In the Chicago Western Electric Study
vegetable protein, beta-carotene, and an antioxidant vitamin score based on
vitamin C and beta-carotene were inversely and significantly related to an
average annual change in BP, after the 8-year follow-up in 1714 employed
middle-aged men [32]. On the other hand, Hung HC et al. [33] evaluated the
association of F&V consumption with peripheral arterial disease in a cohort of
44,059 men initially free of cardiovascular disease and diabetes, reporting no
evidence that F&V consumption protects against peripheral arterial disease. In
the age-adjusted model, men in the highest quintile of F&V had a relative risk of
0.55 (95% CI = 0.38-0.80) for peripheral arterial disease, compared with those
in the lowest quintile. However, the associations were greatly weakened after
adjustment for smoking and other traditional cardiovascular risk factors.

In relation to other types of foods, flavonoid-rich juice intake [34] and flavonoid-
rich dark chocolate significantly reduced BP and improved flow-dilated
endothelium-dependent vasodilatation in a well-designed double-blind cross-
over trial [10]. Intestinal absorption and metabolism of the plant polyphenols are
a rate-limiting step for the protective effects of this class of compounds because
the clinical relevance of the endothelium-dependent effects of plant polyphenols
is dependent upon their systemic availability. The intake of consecutive daily
doses of 100 g of polyphenol-rich dark chocolate (500 mg of polyphenols)
decreased both systolic and diastolic BP in patients with mild isolated systolic
hypertension within 10 days [35]. The coronary flow-velocity reserve was
increased in healthy volunteers after drinking a polyphenol-rich beverage (1g/kg
ethanol as red wine) but not after drinking the same quantity of alcohol as vodka
or white wine, a polyphenol-free beverage or an alcoholic beverage with
medium polyphenol content, respectively [36]. After acute intake of 500 mL of
red wine and de-alcoholized red wine [37] endothelium-dependent
vasodilatation was also improved. A reduction in total and saturated fatty acid
intake and interventions with extra-virgin olive oil favourably affected BP in
hypertensive patients [38]. All these studies also support the view that
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polyphenol-rich diets may reduce BP and improve endothelium function in
hypertensive subjects.

Finally, the relationship between overall food patterns rich in polyphenols, such
as DASH and Mediterranean diets, and BP has been also examined. The
DASH diet is widely promoted in the USA for the prevention and treatment of
hypertension [3]. This dietary pattern has been assessed in a free-living UK
population [5] and systolic and diastolic BP decreased significantly (P < 0.05) by
4.6 and 3.9 mmHg, respectively, in those who followed a DASH-style diet. After
3 weeks on the DASH diet, systolic and diastolic BP in obese hypertensive was
lower than on the usual diet (-7.6+£1.4/ -5.3+1.4 mmHg, P<0.001/0.02) and the
usual diet supplemented with potassium, magnesium and fibre (-6.2 + 1.4/ -
3.7+1.4 mmHg, P<0.005/0.06), whereas BP was not significantly different in the
usual and supplemented diets [39]. BP values were not different among these
three diets in lean normotensives. In another study [40] with 27 men and
women who followed a DASH or a control diet, the DASH-diet group showed a
significant reduction in systolic (P<0.001) and diastolic (P=0.005) BP.

Recently, in the SUN study [41] adherence to the Mediterranean diet was
associated with reduced mean levels of systolic and diastolic BP after a 6-year
follow-up, but it was not associated with hypertension. Estruch et al. [2]
compared the short-term effects of 2 Mediterranean diets versus those of a low-
fat diet on intermediate markers of cardiovascular risk in an intervention feeding
trial (the PREDIMED study). In this last study, participants included in the
Mediterranean diet groups supplemented with either olive oil or nuts showed a
significant decrease in systolic and diastolic BP measurements after 3 months
of intervention compared to the low-fat diet group.

All these epidemiological evidence support the contention that a diet rich in F&V
may prevent BP from increasing and may help to decrease elevated BP levels.
However, only one study [20] has attempted to correlate the biomarker of TP
intake, determined in spot urine samples, with BP measurements or with the
prevalence of hypertension. Taking into account that greater excretion of
polyphenols in urine is determined by high TP consumption, we suggested that
the inverse association observed between the objectively measured TPE in
urine samples with BP may be related to a favourable effect of TP intake on
preventing raised BP levels (see later).

Measurements of total polyphenol intake

Nutritional markers have several advantages for epidemiologic and clinical
assays when compared to dietary data obtained by FFQ. Few studies have
assessed whether TP compounds provide a valid biomarker of TP intake.
Mennen et al [42] and Krogholm et al [43] studied the correlation between the
consumption of polyphenol-rich foods and beverages and the concentration of
polyphenols in urine samples determined by LC-MS/MS. Their results
suggested that several polyphenols measured in urine samples can be used as
biomarkers of polyphenol-rich food intake. Only few authors [42-44] have
examined the use of urinary concentrations of polyphenols as non-specific
biomarkers of F&V consumption. Since flavonoids are widely distributed in F&V,
some investigators studied their value as biomarkers of F&V intake.

In a controlled dietary intervention study, urinary quercetin, flavanone, and total
flavonoid from 24- h urine samples were measured by LC-MS after six weeks
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on a diet either low or high in fruit, vegetables and berries. A significant positive
correlation between changes in F&V intake and those in urinary flavonoid
excretion was observed [44]. A positive correlation was found between TP
metabolites in 24-h urine samples and intake of F&V following 1 d consumption
of a basic diet supplemented with 300 or 600 g of F&V [43]. However, in
epidemiological studies, only spot urine samples and, rarely, 24-h urine
samples are collected to investigate the potential health effect of F&V.
Furthermore, a recent study [42] has evaluated the correlation between the
urinary excretion of several polyphenols from spot urine samples and the intake
of polyphenol-rich food suggesting that several polyphenols measured by LC-
MS in spot urine samples can be used as biomarkers of polyphenol-rich food
intake.

Our group recently described a new method to determine TP in complex
matrices such as urine samples, which have many interfering substances. We
reported a rapid Folin-Ciocalteu (F-C) method to determine TP in urine using
Oasis® MAX 96-well plate cartridges for solid phase extraction (SPE) to avoid
any interference with F-C reagent in the urine samples [24]. Briefly, 1 mL of
methanol 98% and then 1 mL of sodium acetate 50mM pH =7 were loaded to
equilibrate the cartridges; 1.2 mL of the urine samples, previously thawed on an
ice bed for 3 h, were centrifuged for 10 min at 4° C, and 1 mL of supernatants
was diluted with 1 mL of Milli-Q water and acidified with 34 pL of hydrochloric
acid at 35%; they were used to load the cartridges. These were then rinsed with
1 mL of sodium acetate 50mM pH=7 / 5% methanol. The polyphenols were
eluted with 1.8 mL of 2% formic acid in methanol. 15 pL of eluted fractions was
mixed with 170 pL of Milli-Q water in the thermo microtiter 96-well plate
(Nunc™, Roskilde, Denmark), adding 12 pL of F-C reagent and 30 pL of sodium
carbonate (200 g/L). The mixtures were incubated at room temperature in the
dark during 1 h; 73 pL of Milli-Q water was added after the reaction period. The
absorbance was measured at 765 nm in UV/VIS Thermo Multiskan Spectrum
spectrophotometers (Vantaa, Finland).

For creatinine determination in the thermo microtiter 96-well plate, 60 pL of
agueous picric acid solution (1%) was mixed with 3 pL of urine and 5 pL of
sodium hydroxide (10%). The mixtures were incubated at room temperature in
the dark during 15 min. After the reaction time, 232 pL of Milli-Q water was
added and the absorbance was measured in the UV/VIS spectrophotometers at
500 nm. TPE was expressed as mg gallic acid equivalent (GAE)/ g of
creatinine.

Correlations between estimations of total polyphenol intake and blood
pressure in the PREDIMED trial

The PREDIMED (PREvencién con Dleta MEDiterranea) study is a large, 5-year,
parallel-group, multicentre, randomised, controlled clinical trial aimed to assess
the effects of the Mediterrean Diet on the primary prevention of cardiovascular
disease (www.predimed.org; ISRCTN35739639). The detailed recruitment
method and study protocol have been described previously [2].

We selected 589 participants in primary health centres affiliated in Spain
between October 2003 and July 2004. They were 263 men aged 53 to 82 years
and 326 women aged 58 to 82 years, free of cardiovascular disease at baseline
and who fulfilled at least one of the following two criteria: (1) type-2 diabetes
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mellitus and/or (2) three or more coronary heart disease (CHD) risk factors:
hypertension (BP>140/90 mmHg or treatment with antihypertensive
medication), dyslipidemia, obesity or overweight, smoking or family history of
early-onset CHD. At baseline all participants completed a validated
semiquantitative FFQ with 136 items [45], the validated Spanish version [46] of
the Minnesota Leisure Time Physical Activity Questionnaire, and a 47-item
guestionnaire about education, lifestyle, history of illnesses and medication use.
Trained nurses measured height and weight with a wall-mounted stadiometer
and calibrated scales, respectively, as well as BP in triplicate with a validated
semi-automatic oscillometer (Omron HEM-705CP; Hoofdorp, The Netherlands
[47]). Energy and nutrients intake were derived from Spanish food composition
tables [48]. The morning urine samples were frozen at -80°C until analysis. For
the urine assay, thawing is necessary over an ice bed for 3 h, to avoid
degradation of the polyphenols [24]. Total polyphenol consumption from plant
food and beverages (mg/ g fresh matter) was quantified according to Saura-
Calixto F et al. [49] and Brat P et al.[28], from the data of FFQ.

Participant characteristics from the PREDIMED substudy.

All 589 participants who entered the study were older than 55 years, mostly
overweight [mean body mass index 29.36 (3.37) kg/m?], and with a sizeable
burden of cardiovascular risk factors (32.6% diabetics, 80.8% hypertensive,
62.6% with dyslipidemia, 16.1% active smokers and 34.8 % had a family history
of early-onset CHD). Table 1 shows the profile of cardiovascular risk factors of
the participants according to the quartile of urinary TPE [20]. A higher
polyphenol excretion in urine was associated with older age (P for trend<0.001)
and lower systolic and diastolic BP (see figure 1). Participants in the highest
quartile of TPE had a higher prevalence of diabetes and were less likely to be
smokers.

Food and nutrient intake and urinary total polyphenols.

Table 2 shows the average food consumption of study participants divided
according to quartiles of urinary TPE; Q1 (<89.0 mg GAE/g creatinine), Q2
(89.1-119.5 mg GAE/g creatinine), Q3 (119.6-160.2 mg GAE/g creatinine) and
Q4 (>160.3 mg GAE/g creatinine) [20]. Significant increasing trends across
guartiles of TPE were observed for the intake total F&V, fish or fish-food, milk
and dairy products and TP intake. Whereas decreasing trends across TPE
quartiles were observed for cereals, alcohol intake, and total energy intake. The
daily variability of TP intake measured from FFQ was between 122.96 to
3298.17 mg/day. This variability correlated with the TPE variation observed in
the urine as it was measured with a Pearson correlation between the two
variables with a weak but significant correlation being obtained (r=0.179;
P<0.001).

In the linear regression analyses [20] we observed a significant positive
association between normalized urine TPE expressed as mg GAE/ g creatinine
and TP intake (100mg), daily F&V intake (100 g) and daily coffee intake (100
mL) in the unadjusted model (8=0.073, P<0.001; B=0.131, P<0.001 and
B=0.261, P<0.05, respectively), with 8 being the non-standardized regression
coefficient. After adjusting for potential confounding factors (models 4), the
association remained statistically significant: B=0.116, P<0.001; B=0.127,
P<0.001 and =0.414; P<0.05 for TP, F&V and coffee intake, respectively. TPE
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concentration in spot urine samples showed a significant inverse association
with the intake of wine (100 mL), 8=-0.090, P<0.05 in the unadjusted model.
However, after adjusting for potential confounding factors (model 2) this
association reversed and became positive and statistically significant (8=0.121,
P=0.019). The remaining group did not exhibit any significant association with
urinary TPE adjusted for potential confounding factors.

The standardized coefficients (Beta) are the regression coefficients obtained
with the regression model using the standardized values. The standardized
coefficients from this model showed that total phenol intake (Beta=0.283) and
F&V intake (Beta=0.150) contributed more to urinary TPE than coffee
(Beta=0.141), and both contributed to a greater extent than wine (Beta=0.120).

Total polyphenols excreted and cardiovascular risk factors.

After adjustment for different potential confounding factors (sex, age, weight,
smoking status, physical activity, educational level, energy expenditure in
physical activity, medication intake: ACE inhibitor, diuretics, statins
(hypolipidemic drugs), insulin, oral hypoglycaemic drugs, aspirin or other
antiplatelet drug supplements taken in the last month, sodium and potassium
intake and glomerular filtration rate), multivariate linear regression analyses with
systolic and diastolic BPs as the dependent variables, and quartile of TPE in
spot urine samples (mg GAE/g creatinine) as exposure variable, systolic and
diastolic BP exhibited a monotonic inverse association with TPE in spot urine
samples. The non-standardized coefficients, g = -1.73, P=0.024 (95 % CI -3.23
to -0.23) and B=-1.26, P=0.003 (95 % CI -2.09 to -0.44) represent the expected
change in systolic and diastolic BP, respectively, corresponding to an increase
in TPE to the upper quatrtile.

In a multivariate logistic regression analysis for cardiovascular risk factors
(hypertension) according to quartiles of TPE expressed as mg GAE/ g
creatinine using the lowest quartile group as the reference category, the
participants in the lowest quartile of TPE (<88.99 mg GAE/g creatinine) had a
significantly reduced prevalence of hypertension (OR=0.71, CI 0.53 to 0.95;
P=0.021), compared with those in the highest quartile (>160.23 mg GAE/ g
creatinine). After adjustment for all possible confounding factors, a significant
difference was observed between the highest and the lowest quartiles for the
prevalence of hypertension. Participants in the highest quartile had a 36%
reduced odds ratio of hypertension (OR=0.64, CI 0.45 to 0.92; P=0.015),
compared to those in the lowest quartile [20]. In fact, BP correlated better with
urinary TPE than with TP intake assessed by FFQ.

Thus, the results of this study confirm that total phenols, F&V, and coffee and
wine intake are positively correlated with the excretion of TPs in spot urine
samples. F&V consumption is the main contributor to urinary TPE.

Conclusions

In summary, the Folin-Ciocalteu method for determination TP in urine is rapid
and simple and allows the analysis of total phenols in urine samples [24]. This
method is cheaper, more environmentally friendly and simpler than other
methods described. In the cross-sectional trial [20] within the framework of the
PREDIMED study, a high TPE in spot urine samples was negatively associated
with BP levels in an elderly Mediterranean population [20]. Thus, a high intake
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of polyphenol-rich diet may help to decrease BP in elderly hypertensive
populations in order to lower their cardiovascular risk. On comparing the
participants in the highest with those in the lowest quartile of TPE a 36%
reduction was observed in the odds ratio of hypertension. However, the
observation that systolic and diastolic BP decreases when TPE increases
should be confirmed in further intervention studies. A longer follow-up of the
whole PREDIMED trial, which includes two dietary interventions enriched in
polyphenol-rich foods such as nuts and virgin olive oil will eventually provide
evidence to confirm the results reported.
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Figure 1: Change in systolic and diastolic blood pressure according to quartiles of total

polyphenol excretion expressed as mg gallic acid equivalent / g creatinine.
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Table 1: Characteristics of the study subjects classified by quartile of total polyphenol

excreted in urine.

No. of subjects

Age, (y) mean (SD)

Women, n (%)

BMI, (kg/m2), mean (SD)
Systolic BP (mm Hg), mean (SD)
Diastolic BP (mmHg), mean (SD)
Hypertension, n (%)

Diabetes, n (%)

Current smoker n (%)
Medication, n (%)

ACE inhibitors

Diuretics

Statins or other hypolipidemic
drugs

Insulin

Oral hypoglycemic drugs

Aspirin or other antiplatelet drugs
Educational level, n (%)

Primary school

High school

University

Energy expenditure in physical
activity (kcal/d), mean (SD)

Glomerular filtration rate, mL/min

mg GAE/ g creatinine

Quartile of urinary total polyphenol concentration,

o1 (<89.0) Q2 (89.1- Q3 (119.6- 04 (>160.3) for1
119.5) 160.2) end
147 148 147 147
66.0 (5.7) 68.3 (6.1) 68.0 (5.8) 69.3(6.0)  <0.001
51 (34.7) 83 (56.1) 85 (57.8) 107 (72.8)  <0.001
29.6 (2.9) 29.6 (3.7) 29.2 (3.7) 29.1 (3.4) 0.171
156.0 (15.6) 152.2(18.3) 155.0 (21.6) 149.1 (16.0)  0.015
88.9 (10.2) 86.2 (9.8) 85.5 (11.8) 83.4(85)  <0.001
123 (83.7) 126 (85.1) 113 (76.9) 114 (77.6)  0.067
31(21.1) 47 (31.8) 52 (35.4) 62 (42.2)  <0.001
39 (26.5) 20 (13.5) 22 (15.0) 14 (9.5) <0.001
119 (81.0) 114 (77.0) 106 (72.1) 107 (72.8)  0.063
11 (7.5) 7 (4.7) 7 (4.8) 9 (5.8) 0.639
42 (28.6) 70 (47.3) 69 (46.9) 65 (44.2) 0.01
3(2.0) 4(2.7) 12 (8.2) 9 (6.1) 0.024
17 (11.6) 26 (17.6) 26 (17.6) 36 (24.5) 0.006
29 (19.7) 28 (18.9) 37 (25.2) 30 (20.4) 0.582
104 (70.7) 112 (75.7) 108 (73.5) 121 (82.3)  0.041
24 (16.3) 18 (12.2) 28 (19.0) 18 (12.2) 0.685
19 (12.9) 17 (11.5) 10 (6.8) 7 (4.8) 0.006
256.0 245.9 293.1 255.3
(215.5) (220.7) (231.0) (205.3) 0-576
77.2(16.4)  78.1(146)  78.1(18.1)  79.5(18.9)  0.264

TANOVA-one factor was used for continuous variables and x*-test for categorical variables. BMI: body mass
index (calculated as weight in kilograms divided by height in square meters); BP: blood pressure; ACE:
angiotensin-converting enzyme. (Medina-Remoén et al., 2009)
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Table 2: Baseline energy, daily intake of selected foods and nutrients classified

according to the quartiles of total urinary polyphenols excreted.

No. of subjects

Urine total polyphenol
(mg GAE/ g creatinine)

Fruits and vegetables

(@)

Legumes (Q)

Fish or seafood (g)

Meat or meat products

(@)

Cereals (g)

Milk and dairy products

(mL)

Wine (mL)

Coffee (mL)

Total nuts (g)

Tea (mL)

Chocolate (g)

Total polyphenol intake

(mg GAE)

Alcohol (g)

Fibre (g)

Cholesterol (g)

Sodium (mg/d)

Potassium (mg/d)

Total energy, Kcal/d

Quartile of urinary total polyphenol concentration (mg GAE/ g creatinine)

for

Q1 (<89.0) Q2(89.1-119.5)  Q3(119.6-160.2) Q4 (>160.3) L
en
147 148 147 147
72.8 (11.6) 103.1 (8.2) 138.2 (11.1) 226.1(69.8) < 0.001

557.7 (176.8)

17.9 (7.0)

86.5 (34.0)

132.0 (49.6)

243.7 (106.7)

352.1 (214.8)

121.1 (147.0)

63.3 (47.7)

8.6 (10.7)

3.92 (16.4)

3.1(6.2)

1075.6 (354.9)

15.7 (17.9)

22.1 (6.2)

353.6 (119.7)

3347.7 (959.2)

3926.7 (722.3)

2380.1 (586.8)

580.4 (173.3)

17.9 (7.5)

82.2 (35.8)

129.7 (43.7)

235.8 (91.6)

378.8 (216.5)

81.5 (137.9)

69.6 (52.9)

9.2 (11.3)

3.25 (11.4)

2.4 (5.2)

1057.5 (320.2)

10.2 (16.0)

22.0 (5.5)

328.6 (93.7)

3088.0 (905.4)

3929.4 (700.9)

2238.0 (472.0)

577.7 (162.1)

17.7 (7.0)

88.7 (36.9)

134.3 (48.5)

228.7 (98.3)

396.5 (222.1)

101.1 (161.5)

67.5 (48.3)

9.6 (12.2)

4.16( 12.6)

2.3 (5.5)

1086.2 (322.3)

12.2 (18.5)

21.9 (5.2)

340.5 (113.4)

3123.2 (1006.5)

3994.8 (805.5)

2205.1 (547.4)

633.5(190.1)  0.001

16.5 (7.6) 0.107

94.1 (39.0) 0.030

134.2 (475) 0531

211.3(83.3)  0.003

403.1 (215.1)  0.033

81.3(149.3)  0.071

74.5 (56.0) 0.097

9.1 (10.9) 0.680

5.47 (20.4) 0.332

1.9 (4.8) 0.063

1222.5 (439.8)  0.001

9.9 (17.8) 0.018

22.5 (6.2) 0.606

342.1 (89.4)  0.561

3145.4 (877.2)  0.100

4029.7 (659.7)  0.161

2138.5 (476.8) < 0.001

%0One-factor ANOVA was used for continuous variables; mean (standard deviation). GAE: gallic acid

equivalent. (Medina-Remon et al., 2009)
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4.5 Publicaci6 5: ElI seguiment d'un patr6 de dieta mediterrania
suplementada amb fruits secs o oli d’oliva verge, incrementa I'excreci6 de
polifenols totals, produint una disminucié significativa de la pressio

arterial. (El PREDIMED després d’un any d’intervencio).

Medina-Remén A., Estruch R., Andres-Lacueva C., Martinez-Gonzélez M.A.,

Covas M.1., Corella D., Salas-Salvadé J., Gomez-Gracia E., Ruiz-Gutiérrez V.,
Garcia de la Corte F.J., Fiol M., Pena M.A., Saez G.T., Ros E., Serra-Majem

L., Pinto X., Warnberg J. and Lamuela-Raventos R.M.

En procés de revisi

Resum:

La hipertensio és un problema important de salut publica i la principal causa de
mort i discapacitat en els paisos en desenvolupament. L'objectiu d’aquest
estudi és avaluar si la intervencié durant un any amb una dieta tradicional
mediterrania suplementada amb oli d’oliva verge (VOO) o nous, incrementa
I'excrecio de polifenols totals (TP) en mostres d’orina preses de forma puntual.
Aquesta analisi bioguimica es va associar amb la mitjana de PA sistolica i

diastolica en persones grans amb alt risc cardiovascular.

Es presenta un sub-estudi d’intervencié amb 1139 participants d'alt risc
cardiovascular dins de I'estudi PREDIMED. Els participants van ser assignats a
una dieta baixa en greixos (dieta control), n=379 o a dues dietes estil
mediterranies (Med), una suplementada amb VOO, n=394 i l'altra amb fruits
secs, n=366. Les mesures antropometriques van ser considerades al principi i
al final de I'estudi, aixi com els polifenols totals excretats (TPE) determinats en
les orines, mitjancant el metode de Folin-Ciocalteu. Els resultats es van

expressar en mg d’equivalent d’acid gal-lic (GAE) / g de creatinina.

Després de la intervencio amb Med-VOO i Med-fruits secs i ajustar per
diferents covariables, els participants van mostrar un increment significatiu dels
TPE urinaris (24.67 mg GAE/g de creatinina 95% IC: 11.62 a 37.72; P <0.001 i
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22.05 mg GAE/g de creatinina, 95% IC: 8.89 a 35.22; P=0.001,
respectivament), en comparacio amb la dieta de control. Després d’ajustar per
totes les possibles covariables, els participants amb la mateixa PA sistolica a
I'inici de I'estudi, després de la intervencio amb Med-VOO i Med-fruits secs van
tenir una reduccio estadisticament significativa de -3.43 mm Hg (IC -5.60 a -
1.26, P=0.002) i -2.27 mm Hg (IC -4.45 a -0.09, P=0.042), respectivament, en
comparaci6 amb la dieta control. En aquest mateix model ajustat, els
participants amb la mateixa PA diastolica a I'inici, després de la intervencio amb
Med-VOO i Med-fruits secs van tenir una reduccio de -1.38 mm Hg (IC: -2.48 a
-0.28, P=0.01) i -0.70 mm Hg (IC: 1.80 a 0.41, P=0.22) respectivament, en
comparacié amb la dieta control, essent estadisticament significativa només en

la primera comparacio.

Una intervencié durant un any amb una dieta tradicional mediterrania
suplementada amb fruits secs o bé VOO incrementa els polifenols totals
excretats en l'orina, i disminueixen la PA sistolica i diastolica. Ambdues dietes
mediterranies van mostrar efectes beneficiosos sobre factors de risc

cardiovascular.
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Following a Mediterranean diet pattern supplemented with nuts or virgin
olive oil increases total polyphenol excretion and produces a significant
decrease in blood pressure. The PREDIMED randomized trial after one
year.
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ABSTRACT

Background and Aims: Hypertension is a major public health problem and a
leading cause of death and disability in developing countries. The aim of this
study was to evaluate whether a one-year intervention with two traditional
Mediterranean diets supplemented with virgin olive oil (VOO) or nuts increased
the excretion of total polyphenols (TPs) in spot urine samples. These
biochemical analyses were associated with average systolic and diastolic BP in
elderly individuals at high cardiovascular risk.

Materials and methods: An intervention substudy of 1139 high-risk participants
entering in the PREDIMED trial. They were assigned to a low-fat control diet,
n=379 or to a Mediterranean-style (Med) diet groups, one with high intake of
VOO, n=394 and the other with high intake of nuts, n=366. Anthropometrics
measures were measured and total phenols excreted (TPE) was determined in
urine by Folin-Ciocalteu assay, expressed as mg gallic acid equivalent (GAE)/ g
of creatinine.

Results: After the intervention with Med-VOO and Med-nuts and adjusting by
different covariates the participants showed a significant increases of urinary
TPE (24.67 mg GAE/g creatinine, 95% CI 11.62 to 37.72; P<0.001 and 22.05
mg GAE/g creatinine, CI 8.89 to 35.22; P=0.001, respectively), compared with
control diet. After adjusted by all possible covariates, participants with the same
systolic BP at baseline, after the intervention with Med-VOO and Med-nuts had
a reduction statistically significant of -3.43 mm Hg (Cl -5.60 to -1.26; P=0.002)
and -2.27 mm Hg (Cl -4.45 to -0.09; P=0.042) respectively, compared with
control diet. In this model, participants with the same diastolic BP at baseline,
after the intervention with Med-VOO and Med-nuts have a reduction of  -1.38
(Cl -2.48 to -0.28; P = 0.01) and -0.70 mm Hg (CI -1.80 to 0.41; P = 0.22)
respectively, compared with control diet, being statistically significant only in the
first comparison.

Conclusions: A one-year intervention with a traditional Med-diet supplemented
with either VOO or nuts increases total polyphenols excreted in urine samples
from elderly participants, and decreases systolic and diastolic BP. Both Med-
diets exhibited beneficial effects on cardiovascular risk factors.
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Introduction

Hypertension is a major public health problem and a leading cause of death and
disability in developing countries; one-quarter of the world's adult population has
hypertension, affecting approximately 1 billion individuals, causing 7.6 million
premature deaths and 6% of all cases of disability-adjusted life years worldwide
[1]. The prevention is at the top of the public health agenda, the response to this
challenge should drive greater promotion of awareness efforts, studies of risk
factors for hypertension, and understanding of the impact of lifestyle changes.
These efforts have the potential to reduce the emergence or lessen the toll of
hypertension and its complication in many parts of the developing world.

The first step in its management of hypertension is to follow a healthy diet such
as the traditional Mediterranean diet (TMD) [2] or the DASH (Dietary-
Approaches-to-Stop-Hypertension) diets [3] and/or to improve lifestyle, for
instance, by reducing body weight and increasing physical activity [4]. The Med
and DASH diets are both rich in fruits and vegetables (F&V), which have been
considered rich sources of phytochemicals, and are inversely associated with
high blood pressure (BP) [5;6].

Adherences to the TMD in numerous epidemiological studies have
demonstrated an inverse association with a reduction in coronary heart
diseases; this protective effect has been attributed in part, to the richness of this
diet in antioxidants [7]. Polyphenol-rich foods such as cocoa, F&V, tea, olive oil
and wine and the risk of overall mortality or cardiovascular disease have been
inverse association in numerous epidemiological studies [5;8-12]; high fish
consumption, and low-fat dairy products, may also reduce the risk of
hypertension [4;13-17]. Whereas a high consumption of refined cereals or
meat/meat products is associated with a higher cardiovascular risk [4;5;18].

Olive oil is the main natural fat in the Mediterranean diet [7], the virgin olive oil
(VOO) has the highest antioxidant phenolic content compared with other olive
oils [19]; nuts are also typical from TMD, they are rich sources of nutrients and
antioxidant phytochemicals [20].

In a previous study by our group polyphenol intake, assessed via total
polyphenols excreted (TPE) in urine, was negatively associated with BP levels
in an elderly Mediterranean population at high cardiovascular risk [21]. We
undertook, therefore, a substudy within a larger clinical trial, the PREDIMED
study, in order to evaluate whether an intervention during one year with two
TMD supplemented with VOO or nuts and compared with a control diet,
increased the excretion of total polyphenols (TPs) in spot urine samples. These
measures were associated with average systolic and diastolic BP. To our
knowledge this is the first intervention study to assess this relationship using
biochemical analysis of TPs in spot urine samples, and directly measuring BP in
a large sample of elderly individuals at high cardiovascular risk.

Materials and methods
Subjects

The PREDIMED (PREvencién con Dleta MEDiterranea) study is a large,
parallel-group, multicenter, randomized, controlled clinical trial of 5-year
duration aimed to assess the effects of the Med-Diet on the primary prevention
of cardiovascular disease (www.predimed.org; ISRCTN35739639). The detailed
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recruitment method and study protocol have been described previously [2]. Up
to December 2009, this trial includes 7234 high-risk participant allocated to tree
interventions: Mediterranean diet plus virgin olive oil (Med-VOO), Mediterranean
diet plus nuts (Med-nuts) and control diet (low-fat diet).

From November-2007 to July-2009, we selected 1170 potential participants in
primary health centres affiliated with seven different places in Spain. Eligible
participants were community-dwelling men aged 55 to 80 years and women
aged 60 to 80 years, who were free of cardiovascular disease at baseline and
fulfilled at least one of the following two criteria: (1) type-2 diabetes mellitus
and/or (2) three or more coronary heart disease (CHD) risk factors:
hypertension (BP>140/90 mmHg or treatment with antihypertensive
medication), dyslipidemia, obesity or overweight, smoking or family history of
early-onset CHD. For the exclusion criteria was taken into a cont history of
CHD, any severe chronic iliness, alcohol or drug addiction, history of food
allergy or intolerance to olive oil or nuts, or low disposition to changes their
eating habits [22]. The participants provided written informed consent and the
study protocol was approved by the Institutional Review Boards of the
participating centres. This trial has been registered with the International
Standard Randomised Controlled Trial Number (ISRCTN) 35739639.

Assessment and intervention

All participants completed at baseline a validated semiquantitative food frecuecy
questionnaire (FFQ) with 136 items [23], the validated Spanish version [24] of
the Minnesota Leisure Time Physical Activity Questionnaire, and a 47-item
questionnaire about education, lifestyle, history of illnesses and medication use.
Trained dieticians were responsible for all aspects of the intervention.
Participants in both Med-diet intervention groups were given personalized
advice for dietary changes directed to archive a diet closes to the traditional
Med-diet. The participants from the Med-VOO received free virgin olive oil and
the Med-nuts group free sachets of walnuts, hazelnuts and almond. Participants
assigned to the control diet received personal advice together with a leaflet with
written recommendation to follow a low-fat diet [25]. In the tree group, the
general guideline recommendation included increasing the intake of fruit,
vegetable, legumes, fish or seafood, and white meat; negatively
recommendation included eliminating and/or reduction of detrimental foods (red
and processed meats, fat-rich dairy products, commercial pastries, snacks and
sugar-sweetened beverages). One week after the inclusion, the dietician
delivered in separate group session (up to 20 participants by group) during 1
hour; each group session consisted of information talk and provision of written
material with description of typical Mediterranean foods and seasonal shopping
list, meal plant and cooking recipes [26].

Clinical measurements

Trained nurses measured the height and weight with a wall-mounted
stadiometer and calibrated scales, respectively, as well as the blood pressure in
triplicate with a validated semi-automatic oscillometer (Omron HEM-705CP [27];
Hoofddorp, The Netherlands). Waist circumference was measured midway
between the lowest rib and the iliac crest with an anthropometric tape. Urine
and blood samples were obtained after an overnight fast; they were coded,
shiped to a central laboratory and frozen at -80°C until analysis. Analyses
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determined in frozen samples from the participants of whole serum or plasma
as appropriate were blood glucose level by the glucose-oxidase method; serum
insulin level by radioimmunoassay, cholesterol and triglyceride level by
enzymatic procedures; HDL cholesterol level after precipitation with phosphor-
tungstic acid and magnesium chloride. We performed all the analysis by
duplicate. Analysis of total polyphenols and creatinine in urine samples were
performed following the procedure described by Medina-Remon et al [28]; total
phenols excreted (TPE) was expressed as mg gallic acid equivalent (GAE)/ g of
creatinine.

Total polyphenol consumption from plant food and beverages (mg/ g fresh
matter) was quantified according to Saura-Calixto F et al. [29] and Brat P et
al.[30], from the data of FFQ. Creatinine-estimated glomerular filtration rate
(GFR) was calculated using the Modification of Diet in Renal Disease (MDRD)
formula in all participants [31]. Energy and nutrients intake were derived from
Spanish food composition tables [32].

For creatinine, 3 pL of urine was mixed with 60 pL of aqueous picric acid
solution (1%) and 5 pL of sodium hydroxide (10%) in the thermo microtiter 96-
well plate. After shaking, the mixture was left for 15 min in dark at room
temperature; after the reaction time, 232 pL of Milli-Q water was added and the
absorbance was measured at 500 nm in the UV/VIS spectrophotometers.

Statistical analysis.

Analyses were performed using SPSS software v16.0 (Chicago, USA). Baseline
characteristics of the participants were expressed as means or percentages and
standard deviations (SD). Variables were examined for normality and skewness
(Kolmogorov and Levene tests). At the baseline ANOVA-one factor was used
for continuous variables and x>-test for categorical variables. For baseline level
and 1l-year changes, no-parametric Wilcoxon test were used. For the
comparison of changes in risk factors, the average of two baseline
measurements was used as the baseline value and the average of the two one-
year measurements was used as the final variable. We used the General Linear
Model (GLM) approach to ANCOVA to determine the effects of both
interventions with Mediterranean diet (the factors) compared with control diet,
on the systolic and diastolic BP, using the baseline measures as covariates and
others as additional covariates. Model 1 was unadjusted; Model 2, adjusted by
sex, age, weight, smoking status, physical activity, and educational level at
baseline; Model 3 was adjusted as in Model 2 plus medication intake: ACE
inhibitor, diuretics, statins (hypolipidemic drugs), insulin, oral hypoglycemic
drugs, aspirin or other antiplatelet drug supplements taken in the last month,
sodium and potassium intake and GFR. P-values<0.05 (two-tailed) were
considered to be significant. Confidence intervals (CI) are expressed as 95%
Cl. Diagnostics for the detection of outliers, multicollinearity, homoscedasticity,
and the normality and independence of errors were assessed when it was
appropriate.

Results
Participant characteristics

We excluded 31 of 1170 eligible participants before randomization for different
reasons: no meeting inclusion criteria (n=9), not accepting to change their
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dietary habits (n=6), food allergies (n=5) or refusing to participate (n=11).
Baseline characteristics of the tree group are shown in Table 1 (511 men and
628 women); most of them were overweight or obese (>90%), the means of
systolic and diastolic blood pressure were high and very similar in the tree
groups. More than the 75 % of the patients had hypertension; more than 42%
are diabetics, more than 63% had dyslipidemia and more than 15% are current
smokers and had family history of cardiovascular disease. Most of them taken
angiotensin-converting enzyme (ACE) and diuretic and statins (hypolipidemic
drugs); more than one-quarter taken oral hypoglycemic drugs and aspirin or
other antiplatelet drugs. Subsequent data refer only to the 1139 participants
who completed the study.

Food, energy and nutrient intake, Mediterranean diet score.

The main dietary changes were the high increase in consumption of virgin olive
oil and total nuts in the Med-VOO and Med-nut groups respectively (Table 2),
because they were provided of this type of foods. Table 3 shows the average
daily intake of energy and nutrients provided by VOO and mixed nuts. The
significant decrease of refined olive oil in Med-VOO and control-diet groups
indicated that participants replaced this oil by the VOO recommended. Total
nuts were significantly reduced in the control-diet. Participants in the tree group
increased significantly the intake of fruit, and decreased the intake of meat or
meat products and pastries, cakes or sweets. Participant from the two
Mediterranean diet groups increased significantly the intake of vegetables,
legumes, fish or seafood; the others food groups remained unchanged. In all
groups the Mediterranean diet score increased significantly.

Total energy intake was increased in the two Mediterranean groups (Table 4)
and it was reduced in the control-diet; fundamentally due to the changes in the
oils and nuts intake from baseline. In both Mediterranean diets we observed an
significantly increase in the fibre, total fat, monounsaturated fat acids (MUFA),
polyunsaturated fat acids (PUFA), linoleic, linolenic and marine n-3 fatty acids
intake; magnesium, potassium and vitamins A, C and E also increased from
baseline. Saturated fat acid (SFA), total cholesterol and sodium intake were
significantly reduced in all groups; this last nutrient reduction was
nonsignificantly in the Med-nuts group but total energy intake, protein, total fat,
SFA, PUFA, cholesterol, linolenic, sodium and vitamin E were significantly
decreased from baseline; estimated energy expenditure from physical activity
was significantly increase in this group.

Urinary polyphenol analysis and cardiovascular risk factors

Table 5 shows the changes from baseline, in total polyphenols, cardiovascular
risk factors and anthropometric measurements. Urinary total polyphenols
excreted, expressed as mg GAE/ g creatinine, were statistically significant
increased in two Mediterranean diets; in the control diet the increase was not
statistically significant (figure 1). The weight and BMI have not differences from
baseline in any group or between groups. Participants in both Mediterranean
diets had decreased systolic and diastolic blood pressure (figure 1), blood
glucose levels, total cholesterol, cholesterol-LDL and triglyceride and increased
cholesterol-HDL levels, some of these changes from baseline were statistically
significant and other were not, as is possible to see in these table. Participants
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in the control diet have not differences from baseline statistically significant,
except for the decreased waists measured.

It was measured the covariate analysis for the differences in TPs excreted at
one-year respect to baseline, delta excretion as the dependent variables,
intervention groups (Med-VOO, Med-nuts and control diet) as the fixed factors
and other additional covariates. After the intervention with Med-VOO and Med-
nuts and adjusting by different covariates these participants had an increases
statistically significant of 24.673 (Cl: 11.623 to 37.722; P<0.001) and 22,054
(Cl: 8.890 to 35.217; P=0.001) respectively, compared with Control diet.

In the covariate analysis with systolic and diastolic BP at one-year as the
dependent variables, intervention groups (Med-VOO, Med-nuts and control diet)
as the fixed factors, baseline systolic and diastolic BP as covariates and other
additional covariates (Table 6); we observed the effects of different
interventions with Mediterranean diet respect to the control diet. In this table
Non-standardized coefficient (B) represent the differences of the Medi-diet
interventions with the control diet. In the model 3, after adjusted by all possible
covariates, participants with the same systolic BP at baseline, after the
intervention with Med-VOO and Med-nuts had a reduction statistically significant
of 3.429 and 2.155 respectively, compared with Control diet. In this model,
participants with the same diastolic BP at baseline, after the intervention with
Med-VOO and Med-nuts have a reduction of 1.382 and 0.696 respectively,
compared with control diet, being statistically significant only in the first
comparison.

Discussion

In this cohort of elderly participants, we observed statistically significant
increases in total polyphenols excreted in spot urine samples and statistically
significant decrease in systolic and diastolic BP, after the intervention with
traditional Mediterranean diet supplemented with both, VOO and nuts,
compared with the control diet, after adjustment for potential confounders. In
addition, other cardiovascular risk factors like LDL-cholesterol, total cholesterol,
total triglycerides and fasting glucose were decreased in both TMD; as well as
total HDL-cholesterol were increased.

Polyphenols are the most abundant antioxidants in human diets. They are
secondary metabolites of plants. F&V and their derivates food and beverages,
constitute the main sources of polyphenols [33]. VOO contains considerable
amount of polyphenols that have a great effect on the stability and nutritional
characteristics of the product. Some of the most representative simple phenols
are hydroxytyrosol and tyrosol. However, phenolic compounds are removed
when the olil is refined [34]. The phenolic content of VOO is influenced by the
variety, location, degree of ripeness and the type of oil extraction procedure
used [35; 36]. Nuts contain bioactive compounds that explain their multiple
cardiovascular benefits, phytochemicals such as phytosterols, phenolic
compounds, and arginine [37]. However, the biological effects of these
compounds depends on their bioavailability, their kinetics and exposure time
[38].

The most common polyphenols in the human diet are not necessarily the most
active in vivo [39], most dietary polyphenols (75-99%) are not found in urine,
and the quantities detected intact vary from one phenolic compound to another
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[40]. This fact may be due to their reduced absorption through the gut barrier,
their excretion to the bile or their metabolization by the colonic microflora or our
own tissues. To acquire high plasma concentrations requires repeated ingestion
of polyphenol-rich foods [41].

Remarkably, in all nuts, most of the antioxidants are located in the pellicle or
outer soft shell, and more than 50% of them are lost when the skin is removed
[42]. This fact, rarely taken into consideration in prior feeding trials with nuts,
should not be overlooked in future studies. Walnuts are an exception, because
they are almost always consumed as the raw product with skins. Recent studies
have shown that almond [43] and peanut [44] skins are very high in
antioxidants. A pooled analysis of 4 U.S. epidemiologic studies showed that
subjects in the highest intake group for nut consumption had an approximately
35% reduced risk of CHD incidence, and the reduction in total CHD death was
due primarily to a decrease in sudden cardiac death. Evidence from others
clinical studies consistently shows a beneficial effect on CHD risk factors.

Data from the Nurses’ Health Study indicate that frequent nuts consumption is
associated with a reduced risk of developing cardiovascular disease.
Epidemiologic and clinical trial evidence has demonstrated consistent benefits
of nuts and peanut consumption on CHD risk and associated risk factors [37].
Nuts are a rich source of many antioxidants that protect the PUFA in vivo
against oxidative modification, it have been examined in several clinical trials.
Berry et al. [45] showed that oxidation of plasma and LDL lipids in healthy
volunteers were less after an almond diet compared with a low-fat diet. Jenkins
et al. [46], in a dose-response study comparing 2 doses of almonds with a low-
fat diet in hyperlipidemic subjects. The full-dose almonds produced the greatest
reduction in levels of blood lipids. Significant reductions from baseline were
seen on both half- and full-dose almonds for LDL cholesterol (4.4+/-1.7%,
P=0.018, and 9.4+/-1.9%, P<0.001, respectively) and LDL:HDL cholesterol
(7.8+/-2.2%, P=0.001, and 12.0+/-2.1%, P<0.001, respectively) and on full-dose
almonds alone for lipoprotein (7.8+/-3.5%, P=0.034) and oxidized LDL
concentrations (14.0+/-3.8%, P<0.001), with no significant reductions on the
control diet.

However, Hyson et al. [47] conducted a study to compare the effects of whole-
almond vs. almond oil consumption on plasma lipids and LDL oxidation in
healthy men and women, for 6 week periods. The effects of whole almonds and
almond oil on plasma lipids did not differ compared with baseline; plasma
triglyceride, total and LDL cholesterol significantly decreased, 14, 4 and 6%
respectively, whereas HDL cholesterol increased 6%. Nuts, including peanuts,
have been recognized as having the potential to improve the blood lipid profile,
and, in cohort studies, nuts consumption has been associated with a reduced
risk of CHD [48].

The concentrations of oleic acid and antioxidants (phenolic compounds and
vitamin E) in plasma and LDL were compared in thirty healthy volunteers after
consumption of three similar olive oils, but with differences in their phenolic
content. After the administration of the oils during three periods of 3 weeks
separated by a 2-week washout period, all three olive oils caused an increase in
plasma and LDL oleic acid content. The concentration of phenolic compounds
in LDL was directly correlated with the phenolic concentration in the olive olls.
The increase in the phenolic content of LDL could account for the increase of
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the resistance of LDL to oxidation, and the decrease of the in vivo oxidized LDL
[35].

In similarity to our findings, others sub-study [49] within the PREDIMED study
have found that the Mediterranean diet enriched with nuts or VOO, after 3-
month interventions decreased oxidized LDL level [-7.3 U/L (95% CI, —11.2 to —
3.3)] or [-10.6 U/L (95% CI, -14.2 to -6.1) ] respectively, compared with a
control diet with not significantly changes [-2.9 U/L (95% CI, -7.3 to 1.5)]. In
other sub-study [50] it was compared the 1-year effect of 2 behavioural
interventions to implement the Mediterranean diet vs. advice on a low-fat diet on
metabolic syndrome status in 1224 participants. One-year prevalence of
metabolic syndrome was reduced by 6.7%, 13.7%, and 2.0% in the Med-VOO,
Med-nuts, and control diet groups, respectively. After adjustment for different
factors, the odds ratios for reversion of metabolic syndrome were 1.3 (95% ClI,
0.8-2.1) for the Med -VOO group and 1.7 (1.1-2.6) for the Med-nuts group
compared with the control diet group.

Estruch et al. [2] compared the short-term effects of these Mediterranean diets,
after 3 months of intervention. Compared with the low-fat diet, the mean
changes in the Med-VOO and the Med-nuts group were -0.39 mmol/L (95% CI,
-0.70 to -0.07 mmol/L) and -0.30 mmol/L (CI, -0.58 to -0.01 mmol/L),
respectively, for plasma glucose levels; -5.9 mm Hg (ClI, -8.7 to -3.1 mm Hg)
and -7.1 mm Hg (ClI, -10.0 to -4.1 mm Hg), respectively, for systolic BP; and -
0.38 (ClI, -0.55 to -0.22) and - 0.26 (CI, -0.42 to -0.10), respectively, for the
cholesterol-high-density lipoprotein cholesterol ratio. Mediterranean diet,
especially rich in VOO, is associated with higher levels of plasma antioxidant
capacity. Plasma TAC is related to a reduction in body weight after 3 years of
intervention in a high cardiovascular risk population with a Mediterranean-style
diet rich in VOO. Plasma TAC in the control, VOO and nuts groups was
2.01+0.15, 3.51+0.14 and 3.02+0.14mM Trolox, respectively [51]. Consistently
with these previous studies, we have observed that adherence to a traditional
Med-diet may be able to reduce the cardiovascular risk factors.

Finally, the relationship between overall food patterns rich in polyphenols, such
as DASH and Mediterranean diets, and BP has been also examined. The
DASH diet is widely promoted in the USA for the prevention and treatment of
hypertension [18]. This dietary pattern has been assessed in a free-living UK
population [52] and systolic and diastolic BP decreased significantly (P < 0.05)
by 4.6 and 3.9 mmHg, respectively, in those who followed a DASH-style diet.
After 3 weeks on the DASH diet, systolic and diastolic BP in obese
hypertensives was lower than on the usual diet (-7.6+1.4/ -5.3£1.4 mmHg,
P<0.001/0.02) and the usual diet supplemented with potassium, magnesium
and fibre (-6.2t1.4/ -3.7+1.4 mmHg, P<0.005/0.06), whereas BP was not
significantly different in the usual and supplemented diets, BP values were not
different among these three diets in lean normotensives [53]. In another study
[54] with 27 men and women who followed a DASH or a control diet, the DASH-
diet group showed a significant reduction in systolic (P<0.001) and diastolic
(P=0.005) BP.

Some epidemiological evidence supports that a diet rich in F&V may help
prevent BP from increasing and help decrease elevated BP levels for those with
high normal BP or hypertension [55]. In the SUN study [5], the prevalence of
non-previously diagnosed hypertension was inversely associated with F&V
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consumption in a Mediterranean population with a very high intake of both fat-
and plant-derived foods. In the Nurses’ Health Study, intake of F&V was also
inversely associated with systolic and diastolic BP [56]. In other types of foods,
flavonoid-rich juice intake [57] and flavonoid-rich dark chocolate significantly
reduced BP in a well-designed double-blind cross-over trial [11]. The intake of
consecutive daily doses of 100 g of polyphenol-rich dark chocolate (500 mg of
polyphenols) decreased both systolic and diastolic BP [58]. A reduction in total
and saturated fatty acid intake and interventions with extra-virgin olive oil
favourably affected BP in hypertensive patients [59].

All these epidemiological evidence support the view that polyphenol-rich diets
may prevent BP from increasing and may help to decrease elevated BP levels
in hypertensive subjects. However, our previous study [21] has attempted to
correlate the biomarker of TP intake, determined in spot urine samples, with BP
measurements or with the prevalence of hypertension. Taking into account that
greater excretion of polyphenols in urine is determined by high TP consumption,
it was suggested that the inverse association observed between the objectively
measured TPE in urine samples with BP may be related to a favourable effect
of TP intake on preventing raised BP levels. In the current study performed in a
Spanish high-risk population, we observed a similar effect with a Med-diet
supplemented with polyphenol-rich foods: VOO or nuts; our results also add to
the increasing evidence that polyphenol-rich diets decrease BP.

Our study has several limitations. First, because our subjects were elderly
peoples at high risk for cardiovascular disease, our results may not be
generalizable to other populations who may otherwise be at risk for
cardiovascular disease. However, since most were hypertensive subjects, our
results confirm the usefulness of polyphenol-rich diets in the management of
hypertension. A second limitation of our study is the study population, it is
limited by a relatively smaller sample size in comparison to other published
reports, hence it is possible that this lack of significance reflects inadequate
statistical power, rather than a true negative result.

In conclusion, these results suggest that a Mediterranean diet supplemented
with VOO or nuts are positively correlated with an increase of total polyphenols
excreted in spot urine samples. These statistically significant increases in TPE
in spot urine were negatively associated with systolic and diastolic BP levels.
Thus, a high intake of polyphenol-rich diet may help to decrease BP in elderly
hypertensive populations in order to lower their cardiovascular risk. We
conclude that there is justification to consider the inclusion of nuts and VOO in
the diets of individuals with high cardiovascular risk in order to reduce this risk.
Further studies are needed to clarify whether antioxidants contribute to this
apparent beneficial health effect of Mediterranean diet with nuts and VOO.
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Table 1: Baseline of the study participants completing 1 year of follow-up.

Resultats

No. of subjects

Age, (y) mean (SD)

Women, n (%)

Weight (Kg) mean (SD)

BMI, (kg/m?) mean (SD)
Overweight or obese (BMI 225 Kg/m?), n
(%)

Systolic BP (mm Hg), mean (SD)
Diastolic BP (mmHg), mean (SD)
Heart rate (beats/min), mean (SD)
Hypertension, n (%)

Diabetes, n (%)

Dyslipidemia, n (%)

Current smoker, n (%)

Family history of CHD, n (%)
Medication, n (%)

ACE inhibitors

Diuretics

Statins (hypolipidemic drugs)
Insulin

Oral hypoglycemic drugs

Aspirin or other antiplatelet drugs
Educational level, n (%)

Primary school

High school

University

Energy expenditure in physical activity
(kcal/d), mean (SD)

Glomerular filtration rate, mL/min

Any supplement in the last month

DMed+VOO DMed+Nuts Control Diet tf’efnodra
394 366 379

67.2 (6.1) 67.2 (6.0) 68.3 (5.9) 0.025
219 (55.6) 181 (49.5) 228 (60.2) 0.013
74.8 (10.7) 75.3 (11.37) 75.2 (11.2) 0.844
29.2 (3.2) 29.3 (3.4) 29.7 (3.5) 0.128
356 (90.4) 332 (90.7) 340 (89.7) 0.896
150.4 (17.5) 152.2 (19.2) 152.5 (17.8) 0.230
83.9 (9.7) 85.3 (10.7) 84.0 (9.9) 0.145
69.5 (10.4) 69.3 (10.4) 70.9 (10.6) 0.072
302 (76.6) 285 (77.9) 314 (82.8) 0.082
168 (42.6) 161(44.0) 176 (46.4) 0.561
256 (65.0) 242 (66.1) 242 (63.9) 0.678
64 (16.2) 58 (15.8) 64 (16.9) 0.927
76 (19.3) 64 (17.5) 64 (17.0) 0.875
268 (71.1) 260 (73.2) 287 (77.4) 0.140
273 (69.5) 264 (72.3) 290 (76.5) 0.087
169 (43.3) 155 (42.5) 158 (41.7) 0.899
21 (5.4) 20 (5.5) 21 (5.5) 0.995
99 (25.3) 89 (24.5) 130 (34.3) 0.004
170 (44.7) 163 (45.8) 186 (50.0) 0.313
281 (71.3) 258 (70.5) 295 (77.8) 0.044
62 (15.7) 65 (17.8) 46 (12.1) 0.095
35 (8.9) 32 (8.7) 26 (6.9) 0.523
311.9 (241.3) 289.1 (212.3) 240.7 (187.3) <0.001
75.36 (15.94) 76.18 (17.66) 74.54 (14.21) 0.378
35(9.2) 35(9.8) 42 (11.3) 0.611

2ANOVA-one factor was used for continuous variables and x°-test for categorical variables. BMI:
body mass index (calculated as weight in kilograms divided by height in square meters); ACE:
angiotensin-converting enzyme; CHD: coronary heart disease; GAE: gallic acid equivalent; BP:

blood pressure; DMed: Mediterranean diet, VOO: virgin olive oil.
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Table 2: Baseline level and 1-year changes in daily intake of selected foods and Mediterranean

diet score.?

DMed+VOO VaIFl)Jeb DMed+Nuts VaIF;eb Control Diet VaIFl)Jeb P Value®
Total nuts (g)
Baseline 10.0 (12.2) <0001 12.2 (13.9) <0001 7.9 (11.2) 0.040
1 year 13.7 (13.0) 32.3 (16.6) 7.1 (10.2) <0.001%¢"
VOO (g)
Baseline 19.8(22.9)  _ (001 23.1 (24.5) <0.001 13.8 (20.1) < 0.001 d
1 year 54.9 (16.5) 29.4 (28.8) 18.0 (22.7) <0.001%°
Refined OO (g)
Baseline 226(21.3)  _4o01 20.4 (21.9) 0.134 25.0 (19.6) <0.001 <0001
1 year 1.3 (6.7) 23.1(25.7) 21.1 (19.7)
Fruits (g)
Baseline 385.1(2064) _ o0  3848(1972) 9 356.7(205.1) < 0.001  <0.001%
1 year 463.4 (195.6) 452.5 (182.4) 405.3 (209.4)
Vegetables (g)
Baseline 315.3(138.3)  _( 01 305.1(107.2)  _(o0y  302:2(156.6) 0.858 <0.001¢
1 year 356.5 (156.5) 333.1 (110.7) 290.2 (121.7)
Legumes (g)
Baseline 18685  _ o0 198(186)  _ 001 17.9 (9.2) 0581  <0.001%°
1 year 22.5(9.3) 21.6 (7.5) 17.6 (7.9)
Fish or seafood (g)
Baseline 95.7(426) 03 97.3 (39.8) 0.047 95.3 (42.8) 0.273 0.001%¢
1 year 100.6 (37.8) 101.3 (40.2) 90.4 (37.4)
Meat or meat products (g)
Baseline 136.6 (51.8) (508 140.1(50.7)  _ 4001 144.7 (51.7) <0.001 0.695
1 year 128.0 (43.3) 127.9 (44.6) 127.2 (44.9)
Cereals (g)
Baseline 2555 (116.4) (14, 242.1(102.0) (oo 238.9 (109.3) 0.065 0.032°
1 year 237.0 (90.0) 239.8 (93.2) 223.2 (97.6)
Milk and dairy products (g)
Baseline 3725(211.8) ( eq 379.1(212.2) 140 366.0 (228.6) 0.910 0.064"
1 year 381.2 (207.1) 368.6 (222.3) 364.9 (215.2)
Pastries, cakes or sweets (g)
Baseline 226(239)  _4o01 24.9 (31.9) <0.001 23.9 (29.1) 0.026 0.053°
1 year 17.6 (21.1) 17.5 (23.5) 19.4 (22.2)
Wine (g)
Baseline 89.4 (1409) | on 97.3(1525) (g0 76.3(134.4) 0537  <0.014°
1 year 92.8 (139.7) 94.2 (142.4) 74.3 (123.5)
Alcohol (g)
Baseline 116 (17.0) (506 12.5 (18.5) 0.232 9.9 (16.0) 0.209 <0.036
1 year 11.4 (16.1) 11.4 (16.2) 9.4 (15.0)
Tee (mL)
Baseline 6.1 (21.4) 0.646 3.3 (11.7) 0.050 4.4 (15.1) 0.515 <0.002'
1 year 5.7 (21.8) 2.7 (12.6) 3.7 (13.2)
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Coffee (mL)
Baseline 32.6(50.0) 743 31.3 (47.2) 0.600 27.9 (45.5) 0.544 0.496*
1 year 32.3(50.7) 33.5(52.1) 30.1 (47.2)
Med Diet score
Baseline 8.8 (2.1) <0.001 8.7 (2.1) <0.001 8.8 (1.6) 0.016 < 0.005%¢"
1 year 10.8 (1.7) 11.2 (1.6) 9.1(1.7)

®Data are given as means (S.D.); ® Differences from baseline by no-parametric Wilcoxon test;
P<0.05 indicates statistical significance. DMed: Mediterranean diet; VOO: virgin olive oil; OO:
olive oil.

°P values for differences among diets at 1 year; ¢ Between DMed+VOO and Control diet.

® Between DMed+Nuts and Control diet; ' Between DMed+VOO and DMed+Nuts.
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Table 3: Average daily intake of energy and nutrients provided by VOO and mixed nuts

a

Variable VOO, 50 g/d Nuts, 30 g/d
Energy, kcal 442 189
Total protein, g 0 5.0
Arginine, g 0 0.7
Total carbohydrates, g 0 4.8
Fiber, g 0 2.6
Total fat, g 50.0 17.2
Oleic acid, g 37.5 6.5
Linoleic acid, g 3.4 2.3
a- Linolenic acid, g 0.2 1.3
Total plant sterols, mg 77.9 59.7
a- tocopherol, mg 7.3 7.2
- tocopherol, mg 0.2 1.4
O- tocopherol, mg 2.1 9.4
Calcium, mg 0.5 42.9
Magnesium, mg 0 57.3
Sodium, mg 1.0 0.4
Potassium 0.5 172.0

PREDIMED: Prevencién con Dieta Mediterranea; VOO: virgin olive oil.
®Data on nutrients are from previous report supplied in the PREDIMED

study [50]
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Table 4: Baseline level and 1-year changes in daily intake of nutrient intake #

Resultats

P P P
DMed+VOO value® DMed+Nuts value® Control Diet value® P Value®
Total energy,
Kcal/d
Baseline 2318.3 (565.2) <0001 2351.2 (584.2) <0001 2194.8 (616.5) 0.001 <0.001%°
1 year 2367.0 (487.4) 2428.7 (505.4) 2079.8 (468.4)
Total protein
Baseline 92.3 (20.9) 0.077 93.2 (19.2) 0.137 91.2 (23.3) <0.001 <0.001%¢
1 year 92.7 (17.3) 94.6 (19.0) 84.9 (17.8)
Total Carbohydrate
Baseline 245.9 (77.4) 0.901 242.2 (80.5) 0.883 229.9 (80.6) 0.161 <O.001d,e
1 year 240.1 (66.1) 236.8 (67.8) 219.7 (63.8)
Fibre (g)
Baseline 24.9 (8.9) <0.001 25.1 (7.9) <0.001 23.9 (8.0) 0.916 <0.014%¢"
1 year 26.9 (7.8) 28.2 (7.6) 23.3(7.2)
Total fat
Baseline 98.2 (27.5) <0.001 102.5 (27.1) <0.001 93.4 (28.9) 0.007 < 0.00ld’e’f
1 year 106.2 (24.0) 113.7 (23.7) 88.3 (22.5)
SFA
Baseline 24.6 (8.1) 0.216 25.7 (8.4) 0.036 24.2 (9.0) <0.001  <0.001%¢
1 year 24.0 (7.2) 24.7 (7.0) 21.8 (6.8)
MUFA
Baseline 49.6 (14.8) <0.001 51.5 (14.3) <0.001 46.5 (15.0) 0.113 < 0.044d,e,f
1 year 56.6 (12.7) 58.6 (12.5) 44.7 (12.1)
PUFA
Baseline 15.3 (61) <0.001 16.5 (69) <0.001 14.6 (66) 0.028 < 0-001d,e,f
1 year 16.5 (5.0) 21.0 (6.5) 13.9 (5.5)
Cholesterol (g)
1 year 340.7 (92.9) 340.7 (109.5) 334.4 (120.2)
Linoleic acid (g)
Baseline 12.8 (5.6) <0.001 13.9 (6.4) <0.001 12.1 (6.1) 0.159 <0.001%¢f
1 year 13.6 (4.6) 17.7 (5.9) 11.6 (5.1)
Linolenic acid (g)
Baseline 1.4 (0.7) <0.001 1.6 (0.8) <0.001 1.3(0.7) 0.003 < 0.00ld’e’f
1 year 1.6 (0.6) 2.1(0.7) 1.2 (0.6)
Marine n-3 fatty
acid (g)
Baseline 0.7 (0.4) <0.001 0.8 (0.4) <0.001 0.7 (0.5) 0.318 <0.001°¢
1 year 0.8 (0.4) 0.9 (0.4) 0.7 (0.4)
Calcium (mg)
Baseline 1001.1 (332.9) 0.030 998.3 (324.7) 939.9 (364.2) e
1 year 1034.2 (322.5) 1019.3 (358.7) 935.1 (316.9)
Magnesium (mg)
Baseline 369.8 (101.8) <0.001 374.5 (93.6) <0.001 351.9 (99.9) 0.124 <0.001%¢"
1 year 387.4 (90.4) 417.2 (94.8) 342.6 (87.0)
Potassium(mg)
Baseline 4325.2 (1050.4) <0.001 4380.2 (989.1) <0.001 4108.3 (1039.8) 0.785 < 0.00ld’e
1 year 4606.0 (1028.5) 4635.5 (903.1) 4085.6 (865.2)
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Sodium (mg)
Baseline 2369.2 (873.7)
1 year 2238.5 (724.9)
Vitamin A (mg)
Baseline 1188.1 (724.5)
1 year 1283.1 (641.9)
Vitamin C (mg)
Baseline 191.2 (82.6)
1 year 215.9 (86.4)
Vitamin E (mg)
Baseline 9.4 (3.5)
1 year 9.7 (2.4)

Energy expenditure in physical activity
(kcal/d), mean (SD)

Baseline 311.9 (241.3)
1 year 316.5 (222.4)

0.019

< 0.001

<0.001

<0.001

0.129

2323.2 (825.8)
2260.7 (776.3)

1284.0 (1933.5)
1233.4 (673.5)

188.7 (72.1)
210.8 (67.3)

9.7 (4.1)
11.2 (3.3)

289.1 (212.3)
304.7 (198.0)

0.138

0.015

<0.001

<0.001

0.023

2224.1 (944.9)
2090.7 (736.2)

1095.6 (559.2)
1068.5 (517.7)

180.9 (97.8)
181.6 (74.3)

9.5 (4.4)
8.8 (3.6)

240.7 (187.3)
260.4 (220.5)

0.006

0.460

0.061

0.026

0.139

<0.005%°

<0.001%®

<0.001%¢

< 0.001%°f

<0.001%¢

% Data are given as means (S.D.); ® Differences from baseline by no-parametric Wilcoxon test;
P<0.05 indicates statistical significance. DMed: Mediterranean diet; VOO: virgin olive oil; OO:

olive oil; MUFA: monounsaturated fat acids; PUFA, polyunsaturated fat acids and SFA:

saturated fat acid.

°P values for differences among diets. 4 Between DMed+VOO and Control diet.

¢ Between DMed+Nuts and Control diet. "Between DMed+VOO and DMed+Nuts.
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Table 5: Baseline level and 1-year changes in lipid profiles, blood pressure and total

polyphenol excreted.?

P P . P c
DMed+VOO value® DMed+Nuts value® Control Diet value® P Value
N 394 366 379
Urine total polyphenol (mg
GAE/ g creatinine)
Baseline 110.8 (47.1 127.5 (66.5 138.2 (81.3 ef
CHONS 0.001 665 0.001 (81.3)  0.903  <0.027
1 year 133.5 (74.7) 149.3 (85.6) 139.7 (87.8)
Weight (kg)
Baseline 74.8 (10.7) 0.392 75.3 (11.3) 0654  75.2(11.2) 0.195 0.330°¢
1 year 74.7 (10.9) 74.9 (11.3) 78.8 (49.9)
BMI
Baseline 29.2 (3.2) 0.384 29.3 (3.4) 0.601 29.7 (3.5) 0.208 0.043¢
1 year 29.2 (3.3) 29.1 (3.5) 31.3(22.2)
Waist, cm
Baseline 97.2 (9.7) 0.022 975(103)  _ 0.001 97.9 (10.4) 0.001 0.435¢
1 year 96.5 (9.6) 96.3 (10.2) 97.2 (10.9)
Systolic BP (mm Hg),
mean (SD)
Baseline 150.4 (17.5) 152.2 (19.2) 152.5 (17.8) d
0.003 0.008 0.071 0.001
1 year 147.5 (16.9) 149.2 (18.6) 151.9 (18.2)
Diastolic BP (mmHg),
mean (SD)
Baseline 83.9 (9.7 85.3 (10.7 84.0 (9.9 f
©.7 0.002 ( ) 0.021 (0.9 0.370 0.056
1 year 82.6 (9.7) 84.1(10.1) 84.0 (9.5)
Fasting glucose, mg/dI
Baseline 117.8 (33.1) 0116 120.9 (42.9) 0.496 128.9 (41.6) 0.665 0.073¢
1 year 114.3 (28.4) 115.6 (33.5) 124.8 (39.9)
Total cholesterol, mg/dl
Baseline 216.8 (34.6) 0.037 220.4 (36.8) 0.000 2059 (30.5) 1o 0.294°
1 year 210.8 (33.7) 207.1 (30.3) 205.7 (36.7)
LDL cholesterol, mg/dl
Baseline 137.8 (27.7) 143.7 (29.0) 120.4 (28.6) <0.01%
1 year 1347 (286) 0471  1351(28.8) 0048 117.7(2097) 0.630
HDL cholesterol, mg/dl
Baseline 54.1(14.1 52.0 (11.8 51.4 (10.9
14D o520 L8 782 109 ey 0.019°
1 year 54.7 (13.4) 52.7 (11.3) 51.1 (10.8) .
Triglyceride, mg/dl
Baseline 128.5 (61.1) 0.011 129.1 (68.7) 131.1 (70.9) 0.578 0.083¢
1 year 117.1 (49.2) 121.4 (54.6) 126.6 (50.6)

2 Data are given as means (S.D.); ® Differences from baseline by no-parametric Wilcoxon test; P<0.05
indicates statistical significance. DMed: Mediterranean diet; VOO: virgin olive oil; GAE: gallic acid

equivalent; OxLDL: oxidized low-densi
¢ P values for differences among diets;

t(}/ lipoprotein.

Between DMed+VOO and Control diet.
¢ Between DMed+Nuts and Control diet; Between DMed+VOO and DMed+Nuts.
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Table 6: Covariate analysis with systolic blood pressure and diastolic blood pressure at
one-year as the dependent variables; intervention groups as the fixed factor and baseline

measures as covariates.

Model B P 95 % ClI
Systolic blood Model 1
pressure DMed-VOO vs. Control diet 3,377 0,001 -5,440 to -1,313
DMed-Nuts vs. Control diet 2,500 0,020 -4,598 to -0,401
Model 2
DMed-VOO vs. Control diet 3,342 0,002 -5,465 to -1,218
DMed-Nuts vs. Control diet -2.433 0,026 -4,580 to -0,286
Model 3
DMed-VOO vs. Control diet 3,429 0,002 -5,598 to -1,261
DMed-Nuts vs. Control diet 2,268 0,042 -4,450 to -0,086
Diastolic blood Model 1
pressure DMed-VOO vs. Control diet 41,311 0,014 -2,361 to -0,262
DMed-Nuts vs. Control diet 0,662 0,225 -1,731t0 0,407
Model 2
DMed-VOO vs. Control diet 1,452 0,008 -2,528 t0 -0,377
DMed-Nuts vs. Control diet 0,737 0,185 -1,827 t0 0,353
Model 3
DMed-VOO vs. Control diet 1,382 0,014 -2,479 t0 -0,285
DMed-Nuts vs. Control diet 0,696 0,217 -1,803 t0 0,410

B: Non-standardized coefficient; Cl: Confidence interval; P: two-sided test of significance; Model 1: unadjusted,;
Model 2: adjusted by sex, age, weight, smoking status, physical activity, and educational level at baseline;
Model 3 was adjusted as in Model 2 plus medication intake: ACE inhibitor, diuretics, statins (hypolipidemic
drugs), insulin, oral hypoglycemic drugs, aspirin or other antiplatelet drug supplements taken in the last month,
sodium and potassium intake and glomerular filtration rate (GFR); DMed: Mediterranean diet; VOO: virgin olive
oil.
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Figure 1: Mean = SD changes in total polyphenols excreted in spot urine samples, systolic and

diastolic blood pressure after 1-year with different intervention.
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Emor Bars show 95% Cl of Mean

507 —_
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Changes in diastolic blood pressure
|
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Intervention groups

Med Diet: Mediterranean diet; VOO: virgin olive oil; GAE: gallic acid
equivalent;**P<0.01, *P<0.05 indicates statistical significance between the
baseline and 1-year of intervention period with a confidence interval of 95%.
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5. Discussio Global

La discussid general dels resultats derivats d’aquesta tesis es presenta a
continuacid estructurada en base als articles anteriorment descrits durant el
treball d’investigacid. En primer lloc es va posar a punt i es va validar un
metode per a la determinacié de polifenols totals en mostres d’orina, utilitzant el
meétode de Folin-Ciocalteu, com a biomarcador del consum de polifenols totals
(publicacié 1). Agquesta metodologia va requerir d’'una neteja prévia de les
mostres, per eliminar les possibles interferéncies de substancies reductores
que reaccionen amb el reactiu de Folin-Ciocalteu. Es van estudiar les
recuperacions en varis cartutxos de SPE, amb el format de plaques de 96
cartutxos, utilitzant deu polifenols de diferents polaritats, i a diferents
concentracions de 5, 10, 25 i 50 mg L (n=6). La metodologia va ser
optimitzada i els cartutxos Oasis® MAX, 30mg (Mixed-Mode Anion-eXchange
and Reversed-Phase Solvent) van ser seleccionats, per obtenir amb ells millor
recuperacio en comparacié amb la resta de cartutxos de SPE, degut a que amb
la barreja del mode d’intercanvi anionic i el solvent de fase reversa, hi ha una

alta selectivitat y sensibilitat pels compostos fenolics provats.

Amb aguesta metodologia es va incrementar la sensibilitat i la recuperacié de
polifenols amb un ampli rang de polaritat, els limits de deteccio i quantificacio
van ser significativament reduits, respecte a la metodologia prévia d’analisi
d’aquest biomarcador en orines (Roura et al. 2006). La precisio y exactitud es
va calcular a diferents concentracions; els valors de precisié obtinguts van estar
dins dels valors acceptats per la AOAC INTERNATIONAL (Horwitz 2003), al
igual que els valors d’exactitud obtinguts entre el 82.5% i 105.7%. A més va ser
determinada I'estabilitat a curt i llarg termini, aixi com després de varis cicles de
congelacio i descongelacio a -20 i -80°C. Els compostos fenolics en les
solucions patro i en les mostres d’orina van ser estables sota les condicions de

manipulaciéo o emmagatzematge utilitzades per aquesta metodologia.

Amb aquesta metodologia s’aconsegueix I'analisi de 96 mostres d'orines en
nomeés 3 hores, utilitzant els cartutxos Oasis® MAX en plaques de 96 unitats, a
diferencia d’altres meétodes que requereixen aproximadament 12.5 hores
(Roura et al. 2006; Saura-Calixto and Gofi 2006; Singleton et al. 1999). Una
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vegada eliminades les interferencies de les mostres d'orina, la reaccio per la
determinacié de polifenols totals i creatinina van ser realitzades en plagues de
lectura de 96 pouets, amb un volum maxim de 300 uL; d’'aquesta manera es va
evitar una laboriosa manipulacio de la mostra. Les plaques de 96 cartutxos fan
la metodologia més practica en l'analisi d’'un gran nombre de mostres, per
exemple en estudis clinics i epidemiologics, en els quals els subjectes
ingereixen una amplia varietat de polifenols en la seva dieta habitual.

El metode validat es va aplicar a tres estudis clinics amb diferents voluntaris: un
estudi prospectiu aleatoritzat creuat amb 12 voluntaris sans i un estudi
transversal amb 60 voluntaris de I'estudi PREDIMED (publicacié 1); un estudi
d’intervencié amb 49 homes joves egipcis d’entre 7 i 14 anys d’edat (publicacié
2), un sub-estudi transversal dins de I'estudi PREDIMED amb 263 homes i 326
dones amb edats entre 55-80 (publicacio 3) i un sub-estudi d’intervencido amb
1139 participants d’alt risc cardiovascular dins de [l'estudi PREDIMED
(publicacio 5).

A la publicacio 1, els polifenols totals ingerits es van correlacionar positivament
amb els polifenols totals excretats en I'orina puntual del mati. En I'estudi clinic
descrit, els polifenols totals excretats en l'orina, expressats com a mg GAE/ g
creatinina, es van correlacionar positivament amb els polifenols totals ingerits
(P<0.01), amb el consum total de polifenols de les fruites (P<0.05), verdures i
hortalisses (P<0.01) i fruita-verdures-hortalisses (P<0.01). En ['estudi
transversal, amb la sub-mostra del PREDIMED I'excreci6 de polifenols totals es
va correlacionar també amb la ingesta total de polifenols (r= 0.257, P=0.04),

aixi com amb la ingesta total de fruita-verdures-hortalisses (r=0.339; P=0.008).

Respecte a estudis previs (Krogholm et al. 2004; Mennen et al. 2006) en els
gue es van estudiar la correlacié entre el consum d’aliments i begudes riques
en polifenols y la concentraci6 de polifenols en les mostres de l'orina
determinades per LC-MS/MS, es van mostrar resultats que suggereixen que els
polifenols individuals mesurats en mostres d’orina es poden utilitzar com a
biomarcador de la ingesta d’aliments rics en polifenols. La majoria de les
correlacions observades entre I'excrecio urinaria i la ingesta de polifenols van
ser realitzades quantificant els polifenols individuals en els aliments (Manach et

al. 2004) encara que es va requerir d’equips instrumentals especialitzats. El
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metode desenvolupat per a la determinacié de polifenols totals en mostres
d’orina com a biomarcador del consum d’aliments rics en polifenols, és molt
més respectudés amb el medi ambient i més simple que altres métodes descrits
(Krogholm et al. 2004; Nielsen et al. 2002) els quals requereixen

d’instrumentacié costosa per LC-MS.

La quantificacié d’'un nombre de metabolits en les mostres d’orines de 24h pot
ser un apropament convenient a estudis d’intervencio a petita escala, pero no
una possibilitat realista en els grans estudis epidemiologics, degut als

problemes de recol-leccio d’orina durant 24 h en estudis de grans poblacions.

En la publicacié 2, després de la intervencié amb 240 g de suc de tomaquet
durant tres setmanes en 49 voluntaris se’ls va analitzar els polifenols totals en
les mostres d’orina, recollides de forma puntual i durant les 24 hores
consecutives, després d’acabar I'estudi. Els polifenols totals es van expressar
en mg GAE/g creatinina oen mg GAE/24 hores. Les mitjanes de polifenols
totals urinaris excretats, incrementen significativament (P<0.05) seguida per la
intervencid6 amb suc de tomaquet (287.4 + 64.3 mg GAE /g creatinina)
comparat amb les respectives basals. Els nivells mitjans d’excrecio de
polifenols totals, van ser similars als obtinguts préviament (Roura et al. 2006).
Les quantitats de suc de tomaquet es van mantenir de forma raonable tal com
es consumeix en una dieta normal. Els 240 g servits durant la intervencié van
reflectir un consum de tres tomaquets de mida mitjana, equivalent a 2.3 g de

pell proporcionant diariament 25.6+ 1.27 mg de polifenols GAE.

En la publicacio 3 es va avaluar I'efecte del consum dels polifenols sobre la
hipertensio arterial en una poblacié adulta amb alt risc cardiovascular. Com a
parametre per determinar la ingesta de polifenols totals s’ha utilitzat I'excrecio
de polifenols totals com biomarcador de la ingesta de polifenols. Tenint en
compte la correlacié de Pearson, els polifenols totals ingerits mesurats pel
guestionari de frequéncia de consum, es van correlacionar positivament amb
els polifenols totals excretats, mesurats en l'orina. La ingesta d’'una porcio de
100 g de F&V, va tenir una major contribucio sobre I'excrecié de polifenols
totals que una porcié de 100 mL de café o 100 mL de vi. L'analisi de regressio
logistica mostrava una associacié inversa entre els quartils d’excrecié de

polifenols totals i la prevaleéncia d’hipertensié. Aquells participants del quartil
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meés alt d’excrecié de polifenols totals van tenir una reduccio de la prevalencia
d’hipertensio en comparacié amb el quartil més baix (OR = 0.64; P = 0.16). En
I'analisi de regressio lineal multiple la PA sistolica (8 = -1.731; P = 0.024) i
diastolica (8 = -1.264; P = 0.003) es van associar inversament amb I'excrecié

de polifenols totals després d’ajustar per possibles factors de confusio.

Els efectes de las dietes riques en polifenols sobre la pressié arterial, en
subjectes hipertensos, ha sigut fonamentalment atribuit a la preséncia de
multiples antioxidants en aquests aliments (Grassi et al. 2005; Reshef et al.
2005; Shimada et al. 1999; Taubert et al. 2003). Les F&V semblen ser un punt
essencial en la prevenci6 de malalties cardiovasculars. Alguns estudis
epidemiologics suposen I'evidéncia de que una dieta rica en F&V podria ajudar
a prevenir increments en la PA, i ajudar a disminuir valors elevats de PA en

persones hipertenses (Whelton et al. 2002).

En l'estudi SUN (Alonso et al. 2005), la prevalencia d’hipertensié no
diagnosticada previament va ser inversament associada amb el consum de
F&V en una poblaciéo Mediterrania. En I'Estudi de les infermeres (Ascherio et
al. 1996), el consum de F&V va ser inversament associat amb la PA sistolica i
diastolica, no obstant, el consum de cereals i carn va ser directament associat
amb la PA diastolica. En tots els estudis es correlaciona un alt consum de F&V
amb una disminucio en els nivells de PA. En el nostre estudi, realitzat en una
poblacié espanyola d’alt risc cardiovascular (PREDIMED), es va observar un
efecte similar quan es va incrementar el consum de F&V i per tant I'excrecié de
polifenols totals. Malgrat aixo, fins ara, cap estudi ha intentat correlacionar el
biomarcador de la ingesta de polifenols totals, determinat en mostres d’orina
puntual, amb les mesures de PA, o amb la prevaléncia de la hipertensié. Tenint
en compte que una major excrecié de polifenols en I'orina es determina per I'alt
consum de polifenols totals, suggerim que l'associacié independent inversa
observada dels polifenols totals excretats mesurats en mostres d’orina amb PA
esta molt probablement relacionada amb un efecte favorable de la ingesta de

polifenols totals, prevenint un increment dels nivells de PA.

En la publicacié 5 es va avaluar I'efecte, durant un any, de dos intervencions
amb una dieta tradicional mediterrania suplementada amb oli d'oliva verge o

nous, sobre I'excrecié de polifenols totals en mostres d’orina preses de forma
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puntual; a més de com influeix aquest canvi sobre les variacions de determinats
marcadors de risc cardiovascular. 1139 participants d’alt risc cardiovascular,
dins de I'estudi PREDIMED, es van assignar aleatoriament a una dieta baixa en
greixos (dieta control), n=379 o0 a dues dietes estil mediterrania, una
suplementada amb VOO, n=394 i I'altra amb fruits secs, n=366. Després de la
intervenci6 amb VOO i fruits secs, i ajustar per diferents covariables els
participants van mostrar un increment significatiu dels polifenols totals
excretats, aixi com una reduccio estadisticament significativa de PA sistolica i
diastolica. A meés, altres factors de riscs cardiovasculars com LDL-colesterol,
colesterol total, triglicerids totals i la glucosa van disminuir en ambdues dietes
mediterranies suplementades; aixi com van incrementar els nivells totals de

HDL-colesterol.

Semblant amb els nostres resultats, altres sub-estudis amb 1224 participants
(Salas-Salvado et al. 2008) va comparar l'efecte, durant 1 any, de 2 de les
intervencions de dieta mediterrania suplementada amb nous i oli d’'oliva verge
sobre la prevalencia de sindrome metabolic, aquesta es va reduir en un 6.7%,
13.7% i 2.0% en el grup de Med-VOO, Med-fruits secs, i dieta control,
respectivament. Després d’ajustar per factors diferents, la odds ratio per la
reversié de la sindrome metabolica va ser d'1.3 (IC 95%: 0.8-2.1) pel grup Med-
VOO i 1.7 (1.1-2.6) pel grup Med-fruits secs en comparacié amb el grup de
dieta control. En un altre estudi similar (Estruch et al. 2006) es van comparar
els efectes a curt termini d’aquestes dietes mediterranies, després de 3 mesos
d’intervencié. En comparacié amb la dieta baixa en greixos, la Med-VOO i la
Med-fruits secs disminueix -5.9 mm Hg (IC, -8.7 a -3.1 mm Hg) i -7.1 mm Hg
(IC, -10.0 a -4.1 mm Hg) respectivament, la PA sistolica. En consonancia amb
els estudis anteriors, hem observat que l'adhesi6 a una dieta mediterrania
tradicional, pot ser capa¢ de reduir els factors de risc cardiovascular.

La dieta DASH esta ampliament promoguda als EE.UU. per la prevencio i el
tractament de la hipertensio (Appel et al. 1997). Aquest patré de dieta ha sigut
avaluat en una poblacié del Regne Unit (Harnden et al. 2010), on PA sistolica i
diastolica van disminuir significativament en -4.6 i -3.9 mm Hg, respectivament,
en els que seguien un estil de dieta DASH. Després de 3 setmanes amb la

dieta DASH, la PA sistolica y diastolica en pacients hipertensos obesos era
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inferior que els que seguien una dieta habitual. (Al-Solaiman et al. 2010). En
un altre estudi amb 27 homes i dones que van seguir una dieta DASH o0 una
dieta control (Hodson et al. 2009) el grup de la dieta DASH va mostrar una
reduccio significativa en PA sistolica i diastolica. Recentment, en I'estudi SUN
(Nufez-Cordoba et al. 2009), l'adherencia a la dieta mediterrania es va
associar amb canvis en la reduccié dels nivells mitjans de PA sistolica
(adheréncia moderada a -2.4 mmHg, alta adheréncia, -3.1 mmHg) i PA
diastolica (adherencia moderada, -1.3 mmHg, alta adheréncia, -1.9 mm Hg)
després de 6 anys de seguiment, el que suggereix que I'adhesié a una dieta de
tipus mediterrani podria contribuir a la prevencié dels canvis en la PA
relacionats amb I'edat.

En aquest dltim estudi d’intervencio amb dieta mediterrania, realitzat en una
poblacié espanyola d’alt risc, es va observar un efecte similar amb una dieta
mediterrania suplementada amb aliments rics en polifenols; els nostres
resultats també es sumen a la creixent evidéncia de que les dietes riques en

polifenols redueixen la PA.
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6. Conclusions

D’aquest treball de tesis doctoral s’obtenen les seguents conclusions:

e S’ha desenvolupat un metode sensible, especific i rapid per la
guantificacié de polifenols totals en un gran nombre de mostres d’orina
obtinguda de forma puntual, amb un tractament de mostra molt senzill.
Aquest metode és més economic, a part de respectudos amb el medi

ambient a l'utilitzar menys reactius.

e La validacio del metode es va basar en I'analisi dels resultats obtinguts a
partir d’'un estudi clinic prospectiu aleatoritzat, creuat, amb diferents
periodes d’intervencié i es va corroborar en un estudi transversal amb 60
voluntaris amb una poblacio free-living. En ambdds tipus d’estudis s’ha
trobat una associacid positiva entre la quantitat de polifenols totals
excretats en 'orina del mati, i el consum de polifenols totals i el consum
total de fruites, verdures i hortalisses mesurat mitjancant enquestes de

consum d’aliments.

e La ingesta de polifenols totals avaluats a través de I'excrecidé de
polifenols totals en orina puntual del mati es va associar negativament
amb els nivells de pressio arterial sistolica i diastolica en una poblacio
mediterrania d’avancada edat amb alt risc cardiovascular. Per tant, una
alta ingesta de dieta rica en polifenols, pot ajudar a disminuir la pressio
arterial en poblacions d’hipertensos d’avancada edat, amb el fi de reduir

el seu risc cardiovascular.

e En els individus en el quartil més alt d’excrecidé de polifenols totals el risc
d’hipertensio disminueix en un 36% en comparacido amb el quartil més

baix d’excrecié de polifenols totals.

e Una intervenci6 dietéetica dirigida a incrementar la ingesta d’aliments rics
en polifenols podria ser eficient en la prevenci6 i el tractament de la
hipertensié. Una dieta mediterrania dirigida a incrementar la ingesta

d’aliments rics en polifenols, pot ajudar a disminuir la pressio arterial en
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poblacions d’hipertensos d’edat avancada, amb la finalitat de reduir el

seu risc cardiovascular.
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8. ANNEXES

8.1. ALTRES PUBLICACIONS EN REVISTES

En aquest annex s’inclouen altres publicacions, no incloses com a treball de
tesis doctoral, perdo en les que també he col-laborat i es pot aplicar la

metodologia desenvolupada en el primer article.

Publicaci6 6: Perfil dels metabolits del plasma i orina en humans després

del consum de polifenols de I'ametlla [Prunus dulcis (Mill.) D.A. Webb]

Mireia Urpi-Sarda; Ignacio Garrido; Maria Monagas; Carmen Gomez-Cordoves;
Alexander Medina-Remon; Cristina Andres-Lacueva; Begofia Bartolomé.

J Agric.Food Chem. 2010, 57 (21): 10134-10142
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Mut skins are considered to be a rich source of polyphenols and may be partially responsible for the
numerous health effects associated with nut consumption. However, more bioavailability studies of
nut skin polyphenols are neaded to understand the health effects derived from nut consumption. The
aim of the present study was to determine the profiles of both phase Il and microbial-derived
phenolic metabolites in plasma and urine samples before and after the intake of almond skin
polyphenols by healthy human subjects (n = 2). Glucuronide, O-methyl glucuronide, sulfate, and
O-methy! sulfate dervatives of (epijcatechin, as well as the glucuronide conjugates of naringenin
and glucuronide and sulfate conjugates of isorhamnetin, were detected in plasma and wiine samples
after consumption of almond skin polyphenols. The main microbial-derived metabolites of flavanols,
such as 5-(dihydroxyphenyl)-y-valerplactone and S« hydroxymethoxyphenyl)--valerclactone, were
also detected in their glucuronide and sulfate forms. In addition, numerous metabolites derived from
further microbial degradation of hydroxyphenylvalerolactones, including hydroxyphenylpropionic,
hydroxyphenylacetic, hydroxycinnamic, hydroxybenzoic, and hydroxyhippuric acids, registered
major changes in urine after the consumption of almond skin polyphenols. The urinary excretion
of these microbial metabolites was estimated to account for a larger proportion of the total
polyphenol ingested than phase Il metabolites of (epijcatechin, indicating the important role of
intestinal bacteria in the metabolism of highly polymerized almond skin polyphencls. To the authors’
knowledge this study constitutes the most complete report of the absomtion of almond skin
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polyphendls in humans.

KEYWORDS: Almond; polyphenols; metabolites; microflora; hydroxyphenyivalerolactone

INTRODUCTION

Polyphenols are among the most abundant bioactive com-
pounds of the Mediterranean diet and may play a key role in the
prevention of cardiovascular and neurodegenerative diseases and
cancer. Among the foods traditionally associated with the Medi-
terranean diet, the consumption of almonds [ Pramus dulcis (Mill.)
D.A. Webb] has been associated with beneficial protection
against cardiovascular and obesity-related diseases (/). More-
over, Jenkins et al. (2, 3) have also demonstrated that consump-
tion of whol almonds decreases postprandial glycemia,
insulinenia, and oxidative protein damage i humans. In fact,
results from in vitro studies have reveakd that almond skin
polyphenols act in synergy with vitamins C and E to protect
low-density lipoprotein (LDL) from oxidation (4, 5 ) and enhance
the antioxidant defense in other physiological environments (5).

*Corresponding author (telephone +34-93-4034840; fax +34-93-
4023931 e-mail candres(@ ub.edu).
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Besides their role in the prevention of cardiovascular and obesity-
related diseases, results from in vitro studies have revealed that
ground almonds significantly inc reased the populations of bifido-
bacteria and Exbacterium reciale, resulting in a higher prebiotic
index (4.43) than for commercial prebiotic fructooligosaccharides
(4.08) (7), indicating a potential prebiotic effect of almond seeds.

Almond skins are considered to be a very rich source of
polyphenok. Non-flavenoid compounds include protocatechuic
aldehyde and protocatechuic, vanillic, p-hydrox ybenzoic, rrans-p-
coumanc, and chlorogenic acids (§=10). Flavonoid compounds
identified in almond skins inchide flavanoks, lavonols, dihydro-
flavonols, and flavanones. The monomers (+)-catechin and (—)-
epicatechin, as well asprocyanidins Bl, B2, B3, and B4, have been
identified in almond skins (77, /2). Although it was originally
thought that almond skin proanthocyanidins were exclusively
constituted of (+)-catechin and (—)-epicatechin units linked by
B-type bonds (//, 1), later studies revealed the presence of
delphinidin after n-butanol=HQl hydrolysis of almond seed
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crude extracts, indicating the additional occurrence of prodelphi-
nidins in almonds (/2). More recently, Monagas et al. (J0) have
confirmed the presence of A-type procyanidins and both A- and
B-type propelargonidin and prodelphinidin polymers up to
decamers for the first time in almond skins. Concerning flavonols,
the -3-O-glucosides, -3-0-galactosides, and -3-O-rutinosides of
quercetin, kaempferol, and isorhamnetin, as well as their corre-
sponding aglycones, have been identified in almond skins
®—1I0, 14—16). Recently, morn {/6), dihydrokaempferol (¥),
and dihydrogquercetin (taxifolin} (/) have also been reported.
Finally, the flavanones identified in almond skins include nar-
ingenin-7-O-glucoside, enodictyol-7-O-ghicoside, enodictyol-7-
O-galactoside, and their corresponding aglycones (8—10).

The in vive physiological importance derived from the con-
sumption of almond polyphenols would depend on their bioa-
vailability. However, studies concerning the bioavailability of
almond polyphenols are scarce. Polyphenols bioavailability is
strongly influenced by their chemical structure (/7, /8). Non-
ghycosylated polyphenols contained in almond skins, such as
monomeric flavanols and dimeric procyanidins (to a lower
extent), would be directly absorbed in the small intestine, where
they would be first conjugated and later metabolized in the liver
into methyl, glicuronide, and sulfate derivatives by phase 11
enzymes. However, oligomers presenting a mean degree of poly-
merization (mDP) of 23 and polymeric flavanols (proantho-
cyanidins) are not absorbed and reach the colon, where they are
metabolized by the intestinal microbiota into hydroxyphenylva-
lerolactones and vanous phenolic acids, including phenylpropio-
nic, phenylacetic, and benzoic acid derivatives, that can be further
absorbed and then conjugated in the liver (19, 20). Conversely,
ghycosylated polyphenols such as flavonol glycosides must be first
hydrolyzed by intestinal f~glicosidases before they can be absor-
bed, although the type of sugar that is attached to the flavonoid
limits the absorption in the small intestine (/8). Almond skin
flavonols containing rhamnose, such as rutinosides, would be
poorly absorbed and transferred to the large intestine, wherethey
would be degraded by the rhamnosidases of the intestinal micro-
biota (27). In this sense, a large amount of polyphenols contained
in almond skins woulkd be exclusively metabolized by the intes-
tinal microbiota.

To our knowledge, only Blumberg and his colkagues have
carried out bioavailability studies in plasma after the ingestion of
almond polyphenols in hamsters (4) and in humans (22). In both
cases, plasma samples were subjected to hydrolysis prior to LC
analysis, and only total levels of flavonoid aglycones were
quantified. No phenolic metabolites in their actual conjugate
forms, or phenolic metabolites derived from the microbiota
activity, have been reported so far in human fluids after the
intake of almond polyphenols. Taking these factsinto considera-
tion, as well as the previously described potential prebiotic effect
derived from almond consumption, a pilot study was conducted
with healthy human volunteers to determine the profile of both
phase 11 and microbial-denived phenolic metabolites in plasma
and wrine samples after the intake of almond skin polyphenols.

MATERIALS AND METHODS

Standards and Reagents. Phenylacetic acid, 3-hydroxy phenylacetic
acid, 3 4-dihydroxyphenylacetic acid, 4-hydroxy-3-methoxyphenylacetic
acud, 3-hydroxy phenylpropionic acid, 3 4-dihydroxyphenylpropionic acid,
pcoumanc acid, caflleic acid, ferubic acid, 3-hydroxy-4-methoxycnnamic
acd, protocatechuic acid, 3- and 4-hydroxyberzoic acids, ethyl gallate,
(—epicatechin, (+)-catechin, procyanidin B2, and f-glucuronidase/
sulfamse (from Helix pomatic) were purchased from Sigma-Aldrich
(St. Louis, MO), 4-H ydroxyhippuric acid was purchased from PhytoLab
GmbH & Co. KG (Vestenbergsgreuth, Germany). Procyanidin B3 and
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B, vanillic acid, m-coumaric acd, eriodictyol-7-O-glucoside, enodictyol,
kaemplerol-3-O-rutinosde, kaemplerol-3-0-glucoside, kaemplerol-3-0-
galactoside, dihydroguercetin, sorhamnetin-3-0-rutinoside, isorhamne-
tin-3-0-glucogde, isorhamnetin-3-0-galactoside, isorhamnetin, naringen-
in-7-()-glucoside, naringenin, and kaemplerol were purchased from
Extrasynthése (Genay, France). LC grade solvents methanol, acetonitrile,
glacial acetic acid, and formic acid were purchased from Scharlau
(Barcelona, Spain). Hydrochloric aad was purchased from Panneac
(Barcelona, Spain).

Almond Extract. A commercial almond skin extract (Amanda),
kindly supplied by Puleva Biowech, S.A. (Granada, Spain), was used for
this stedy. The extruct was encapsulated (350 mg of extract + 50 mg of
cellulose per capsule) by the supplier and presented a total polyphenol
content of 221 mg of galbc aad/g of encapsulated extract, a total
proanthocyanidin content of 314.8 mg of cyanidin/g, and an antioxidant
capacity (ORAC value) of 3,10 mmol of Trobox/g.

Analysis of Phenolic Compounds of the Encapsulated Almond
Skin Extract by LC-DAD-Fluorescence and LC-DADJESI-MS.
An amount of 0,025 g of the almond skinextract contamed incapsules was
dissolved in 50 mL of water HC1 (1000:1, v/v) and sonicated for 15 min.
An aliquot (40 mL) was extracted with cthl acetate (40 mL x 4). The
organic phases were combined and dried with anhydrous Na,SO, for
20 min. The extract was then taken to dryness under vacuum, dissolved in
2 mL of methanolH20 (50:50, v/v), and finally Miltered (0.45 um). The
extractions were performed in duplicate.

A Waters (Milford, MA ) iguid chromatography system, equipped with
a 2695 separationmodule, a 2996 photodiode array detector (DAD), and a
2475 multi & fluorescence detector coupled to the Waters Empower
[vergon 5.0) for data acquisition and processing, was used. Separation
was performed on a 150 = 4.6 mm r.d., 4 gm reversed-phase ACE 3 Cig
(Advanced Chromatography Technologies, Aberdeen, Scotland) column
at room temperature. A gradient consisting of solvent A (water/aceticacid,
98:2, v/v) and solvent B (water/acetonitrile/acetic acid, 73:25:2, vjv/v) was
applied at a ow rateol 1.0 mL/min as follows (70): 0—80% B linear from
0 1o 55 mim, 80—90% B linear from 55 to 57 min, %% B socratic from
57 to 70 min, 90=95% B linear from 70 o 80 min, 95=100% B from 80 to
90 min, followed by washing (methanol) and re-equilibration of the
column from 20 (o 120 min. A 75 gL volume sample was injected into
the column. The detection conditions were 210-360 nm (DAD) and 280
and 310 nm for the emision and excitation filters, respectively
(Muorescence detector). Quantification was carried out by extemal stan-
dard calibration curves. All of the phenolic compounds were quantified at
280 nm, except Mlavanols, which were quantified by their luorescence
response. Due to the lack of commercial standards, oligomernic flavanols
were quantified using the (—)-epicatechin calibration curve,

In addition to their UV spectra, the identification of phenolic com-
pounds was also carried out by mass spectrometry coupled to LC.
A Hewlett-Packard serwes 1100 (Palo Alto, CA ) chrom ategraphy system,
equipped with a DAD and a quadrupole mass spectrometer (Hewlett-
Packand series 1100 MSD) with an electrospray inerface, was used.
Separation conditions were the same as described above except for the
flow rate, which was set to 0.7 mL/min. The ESI source was operated in
negative mode using the following purameters: drying gas (N2) flow and
temperature, 10 L/min and 3 50°C, respectively; nebulizer pressure, 55 pa;
and capillary voltage, 4000 V. Mass spectra wene obtained wsing in-source
collision-induced disocation mass spectrometry, scanning negative ions
from mz 100 1o 2000 using the following fragmentation program: from
mz0 g0 200 (150 V) and from m/z 200 to 2000( 300 V).

Human Experimental Design. Two healthy and non-medication-
receiving volunieers (ages 41 and 29 years) were recruited for the study.
Volunteers were advised to avoid akohol and vegetable-containing foods
and beverages for 48 h before the study. In the morning (%:00 am.), after
overnight fasting, the volunteers ingested 10 capsules containing the
almond skin extract (884.4 mg of total polyphenols/dose), which was
~4 times higher than the estimated dietary intake (102=121 mg/person/
day) of nut polyphenols in the Spanish diet (23). The volunteers did not
consume any food before or with the almond skin extract. At 2:00 p.m.,
volunteers had a light lunch meal composed of pasta and meat, and at
8:00 p.m. they had a dinner meal composed of jam and bread. Venous
blood samples were colbected into vacuum tubes containing EDTA before
and afler ingestion (2.5 h for both volunteers and 4.5 h for volunieer 2).
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Afler sampling, blood was placed on ice, and plasma was separated by
centrifugation for 20 min at 1500¢ at 4 °C and stored at —80°C, Unne
samiples were akso collected at the following intervals: from 2 h before the
time of ingestion (=2 to 0h, before extract intake) and from the time of
ingestion to 24 h after ingestion (0—24 h, after extract intake). Urine
samples wereaadified 10 0.2 M HQ and were stored at —80°C. The study
protocolswere approved by the Ethics Committee of Chinical Investigation
of the University of Barcelona (Spam), and informed consent was
obtained from all participants,

Enzymatic Hydrolysis of Urine and Plasma Samples. Urine and
plaisma samples were subjected to enzymatic hydrolysis as previously
described (24) with the aim of releasing the phenolic acid faglycone from
conjugated microbial-derived phenolic metabolites and allowing their
wentification and total quantification in their free form. Briefly, unne
samples { | mL) were taken to pH 4.9 with 200 4L of 2 M sodium acetate,
and plasma samples( | mL) were acidified with 30uL of 0, 58 M acetic acid.
Urine and plasma samples were incubated with f-glucuronidasesulfatase
at 37°C for 45 min. Straight afterward, samples were aadified topH 2 with
6M HCL

Nonhydrolvzed samples werealso studied in plasma and urine samples
to allow identification of phenolic metabolites in thar actual conjugate
forms.

Extraction of Phenolic Metabolites from Urine and Plasma
Samples. Extraction of phenolic metabolites from hydrolyzed samples
was performed using solid-phase extraction (SPE) Oass MCX 96-well

Urpi-Sarda et al.

Table 1. Concentration of Individual Phenolic Compounds in the Encapsu-
lated Almond Skin Extract

plates (Waters), & vacuum manifold, and & vacuum seurce as described
Urpi-Sarda et al. (24). Briefly, the plate was conditioned with | mL of
methanol followed by 1 mL of 2% formic acid. The hydrolyzed plasma/
urine samples wene then loaded onto the plate with 100 gL of 2 uM ethyl
gallate used as mternal standard (15). The plate was washed with 1 mL of
2% formicacid. Analyleswere then eluted with methanol (0.5 mL x 3), and
the eluates were evaporaied to dryness under a stream of nilrogen.
Readues were reconstituted with 100 4L of mobile phase.

The nonhydrol yzed samples were also fractionated by SPE, bul usng
Oasis HBL %6-well plates (30 mg) (Waters). The plate was conditioned
with 1 mL of methanol followed by 1 mL of 1.5 M formic ackl. One
milliliter of thenonhydrol vzed plasma /unine sam ples was then loaded onto
the plate with 100 gL of 2 M ethyl gallate used as 15, The plate was
washed with 1 mL of 1.5 M formic acid and | mL of 5% methanol. The
plaies were thoroughly dned by vacuum. Analyies were then eluied with
2 mL of methanol contaming 0.1% formic acid and 2 mL of methanol
containing NHs (pH 5), and the eluates were evaporated o dryness under
a stream of nitrogen. Residues were reconstituted with 100 gL of mobile
phase.

Analysis of Phenolic Metabolites in Urine and Plasma Samples
by LC-ESI-MS/NS. The analyses of phenolic metabolites in urine and
plasma samples were carried owt by LC-ESI-MS/MS on an Agilent 1200
system equipped with a quaternary pump and & refrigerated autosampler
plate (Waldbronn, Germany) and coupled to an Applied Biosystems AP1
3000 triple-quadrupole mass spectromeier (PE Scex, Concord, ON,
Canada) equipped with a turbo ion spray ionizing in negative mode.
A Phenomenex Luna C18 analytical column [50 = 2.0 mm i.d., 5 gm)
(Tomrance, CA) with mobile phases A (100% water and 0.1% formic acid)
and B (100% acetonitrile and 0.1% formic acid) was used. For the
nonhydrolyzed samples, the gradient was linear of 4=100% of mobilke
phase B from 0 w § min, followed by washing and re-equilibration of the
column for 2 min, at a flow rate of %00 gL/min. For the hydrolyzed
samples, the gradient was linear of 8=100% of mobile phase B from 0 10
7 min, followed by washing and re-equilibrationof the column for 3 min, at
a flow rate off 400 wLmin The volume injecied was 15 gL. MS/MS
parameters used were as follows: capillary voltage, —3700 V; focusing
potential, =200 V; entrance polential, = 10 V: declustening potential, — 50 V:
nebulizer gas, 10 (arbitrary units); curtain gas, 12 (arbitrary units);
collision gas. 5 (arbitrary units); auxiliary gas temperature, 400 *C;
auxiliary gas flow rate, 6000 cm’/min, For quantification purposes data

{kected in the mul tipk jon monitoring ( MEM) mode, tracking
the transition of parent and product ions specific for each compound with
a dwell time of 100 ms, Phenolic standard curves were constructed with
standard solutions subjected Lo the same SPE procedure as the samples.
Conjugated metabolites of (epijcatechin, narigenin, and isorhamnetn

mean < 5D (ug'g)
nor-flavonoids
protocatechuic acd 134,86 £+ 20.77
vanilic acsid M2 B2:41.16
ellagic acid 900+ 134
flavonaids

ke plaroh3-O-gaiactoside p- R ES K
laemplerol3-0-rutineide 266322350
kasmpflerah3-0-glcoside DAS L3886
isotharmnetn 20051 +32.34
isorhamnetin-3-O-rutinaside 1253.08 £130.76
sorhamnetin-3-O-glucoside 185,85 £20.11
kagmpfarsl 4282034
Borhamnetin 24.21£353
naingenin-7-C-glucaside 55,1962
afdictyolT-O-ghic oside 5174069
naingenin SET 2072
eriadictyol TR2:187
dihydroquercetin 46,99 +8.13
{+ eatachin 682 83 £55.45
(= repicatechin 290,48 34,46
procyanidin dmers B3 + B1 269.45 + 4169
procyanidin dimer B2 35534+ 718
procyanidin dimer B7 11263 £ 829
uringwn A-type procyanidin dimer (A1) WITETN4
urknown A-type procyanidin dimer (A-2) no4L297
urinawn A-type procyanidin dimer (A-3) @03+749
urikngwn B-type propelamondin dimer 1791 21576
urinown A-type propelargonidin dimer 50.44 +044
procyanidin rimer C1 173.87 + 10.27
*Mean (n = 2) + standard deviation (D).

were quantified using the calibration curves of (—)-epicatechin, naringen-
in, and isorhamnetin, respectively. Hydroxyphenylvalerolactones and
theirconjugated metabolites were quantified as (— -epicatechin. The mean
recovery of analytes ranged from 87 1o 109% (24, 25). Accuracy ranged
from&7.5 1o 113.8%, and precision met acceptance criteria (< 15% RSD).
The LODs varied between 00030 and 44.4 pg/l (24, 25).

Determination of Total Polyphenols in Urine Samples. The
analysis of total polyphenols in urine samples was performed using the
Folin—Ciocalteu (F-C) reagent after SPE of phenolic compounds using
Orasis MAX 96-well pla tes (Waters) (24). Unine samiples were thawedon an
ioe bed for 3 h and then centrifuged for 10 min at 4 5C. One milliliter of
supemnatant was diluted with | mL of Milli-Q water. The MAX 96-well
plate was conditioned with | mLof methanol followed by | mLof 50 mM
sodium acetate (pH 7). The sample was then loaded onto the plate and
washed with 50 mM sedium acetake (pH 7) and 5% (v/v) methanol.
Polyphenols were then eluted with 2% formic acid in methanol (1.8 mL).

The determination of total polyphenols was performed by mixing 15L
of the eluted fraction with 170 4L of Milli-Qwater in the thermo microtiter
96-well plate (NuncTM, Roskikde, Denmark), followed by the addition of
12 uL of F-C reagent and 30 gL of sodum carborate (200 g/L). The
mixture was incubated for 1 hat mom temperature in the dark, After the
reaction period, 73 gL of Milli-Q water was added with the multichannel
pipet. Absorbance was measured at 765 nm in UV=vis Thermo Mulaskan
Spectrum spectrophotometers (Vantaa, Finland), and the resulls were
expressed as micrograms of gallic acid equivakant per milliliter of urine.

RESULTS AND DISCUSSION

Phenolic Composition of the Encapsulated Almond Skin E xtract.
The analysis of the encapsulated almond skin extract by LC-
DAD-fluorescence and LC-DAD-ESI-MS revealed the pre-
sence of both non-flavonoid and flavonoid phenolic compounds
{Table 1). Non-flavonoid compounds mainly include protocate-
chuic acid, ellagic acid, and vanillic acid, the latter present in the
largest concentration. Flavonoid compounds include flavanols
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Table 2. Concentrations of Conjugated Phenolic Metaboltes Detected in Nonhydrolyzed Human Plasma and Urine before and after Consumption of Almond
Skin Extract
plasma® (M) urine” (nM)
before after before afer
metabolite MRM transtion compound mean SD  mean SD  mean  SD mean S0

flavan-3-ds

(epicatechin-C-glucuronide 1 465—289 1 nd® nd 055 07 6.95 ek

(epicatechin-C-glcuronide 2 465—289 2 nd d 225 006 6.3 0.8

(epijcatechin-O-glucuronide 3 465—289 3 nd 19.51 a9 3w o0 2.5 an

Oemetivyd (epijcatechin-O-glucuronide 1 479303 i nd 854 34T 1@ oM 2530 974

O-methyl (epijcatechin-O-glucuronide 2 479303 5 nd T84 A% 23 0® 462 728

(epi)catechin sullake 1 369—289 6 nd 5597 533 17 97270 34484

(epi)catechin sullake 2 369—289 7 nd W 402 1062 57 20040 2855

O-methyl (epijcatechin suffate 1 383—-303 ] nd B2 17T 8M 404 586 90

O-methyl {epijcatechin suffate 2 383303 9 nd 17.83¢ 74 18 5T 13270

O-methyl (epijcatechin suffe 3 383303 10 nd nd 29 05 a8 10.37
hydrayphenyhvalerolactones

5 dihydrescyphanyl)-y--val erok gl ide dervative 1 383—207 1 nd nd 1803 38 29306 5012

5 diydroxyphenyl)-y gi ide dervative 2 383—207 12 nd nd 3528 +17.30 TBE2ZTE 194214

5 diydroscyphenyl)-y-valerolacione sulfale dervative 287207 13 278.81 160,35 368.23 22437 396068 283.23 44955090 14681782

5+ Inycdr ey methonypheanyd jvalerdlactone ghucuronide 37221 14 782 611 584 484 3261 975 832m 205

derivative 1
5{ hypdrosey mathoxypheny! - valerdactone glucuronide T2 15 nd nd 618 168 117®@ 41.19
derivative 2

5+{ hydroxymathoxyphenyl -y valeralacione sulle dedvative 1 301—221 16 nd nd 5726 5050 149568 82812

5+ hydr oy methoxypheny -y valerdlactone sullate dervative 2 301—221 17 nd nd 143 715 70480 26653
flavanones

naringenin- O-glucuronide 1 &4T—2T1 18 084 015 335 017 281 14 1497 641

naringenin-O-glucuronide 2 4721 19 061 005 127 17 815 835 15.43 561
flavonols

Isorhamnetin-C- glucumonide 1 491—315 20 18 003 240 146 508 274 &y 0.5

isorhamnetin-0-glucuronide 2 491—315 21 114 081 149 054 45 13 4.8 1.72

isorhamnetin sufate 395—315 22 nd nd 3739 454 62.75 2013

*)gan {n=2) + standard deviation (SD). Before (at 0 h); after (! 2.5 h). "Mean (n= 2) < standard deviation (SD). Bafore (from —21o 0 h); after (from 0 1o 24 ). “nd, not
detected. volunieer.

“ Dietected inonly one

(50.4% of total flavonoids), flavonols (45.8%), flavanones
(2.8%), and dihydroflavonols (1.1%). Isorhamnetin glycosides
were more abundant than the corresponding glycosides of
kaempferol, and naringenin glucoside was more abundant than
the corresponding eriodictyol glucoside. However, the rutinoside
derivatives were present in the largest concentration independent
of the flavanol aglycone. Among flavanols, (+)-catechin was the
predominant monomeric form, whereas procyanidin B2 was the
most abundant oligomeric form. In addition, several mass signals
were detected at m/z 591 corresponding to A-type prodelphinidin
dimers, but UV peaks were not well resolved for quantification
purposes (data not shown). These results are in agreement with
previous reports describing the phenolic composition of almend
skins (10).

Ientification of Phase 11 and Microbial-Derived Phenolic Me-
tabolites in Human Plasma and Urine. The concentration of
phenolic metabolites detected in nonhydrolyzed and hydrolyzed
samples before and after consumption of the almond skinextract
is presented in Tables 2 and 3, respectively. The presence of
metabolites derived from the main phenolic compounds (Le.,
flavanols, flavonols, and flavanones) identified in the almond
skin extract (Table 1) was investigated in both fluids. With regard
to flavanols, three mass signals were detected at m/z 465/289 and
two at mz 369/289, indicating the possible presence of glucur-
onide ( + 176 amu) and sulfate {-+80 amu) derivatives of (epi catechin
(Figure 1; Table 2). In addition, two signals were detected at mz
479/303 and three at m/z 383/303, suggesting they were possible
glicuronide and sulfate derivatives of O-methyl(epijcatechin,
respectively (Figure 1; Table 2). These conjugated metabolites
of (epi)catechin were detected in plasma and urine samples, with

some exceptions inthe plisma samples (Table 2). Different signals
detected at the same my/z may belong to different regicisomers
resulting from conjugation at different OH groups of the flavanol
molecule. In humans, methylation of (= )-gpicatechin has been
reported to occur at C-3 and at C4’ and glucuronidation at C-3,
C-5, and C-7 (27). However, the active positions for flavanol
sulfation have not been clearly identified. These metabolites may
have been formed in the small intestine and/or further in the liver
by phase 11 enzymes after absorption of (epi)catechin in the small
intestine (18).

Conjugated metabolites, derived from the microbial degrada-
tion of flavanols, were also investigated. In particular, hydro-
xyphenylvalerolactones, originating from the C-ring-opening of
flavanols by the colonic microflora followed by further lactoniz-
tion, are considered to be main microbial metabolites derived
from the biotransformation of flavanols (28—3/). Bearing in
mind that procyanidins are the most abundant type of proantho-
cyanidins in the almond extract (Tabke 1), conjugated metabolites
of 5-(dihydroxyphenyl)-y-valerolactone [Le., 5-(3' 4'-dihydroxy-
phenyl}y-valerolactone] were targeted (Figure 2; Table 2). Two
mass signals were detected at my/z 383/207, indicating the possible
occurrence of two different glucuronide denvatives of a 54{di-
hydroxyphenyl}y-vak rolactone molecule, probably originating
from the esterification of glucuronic acid at the two different OH
groups of the phenyl ring of 543 4"-dihydroxyphenyl)-y-valer-
olactone. One mass signal detected atmz 287/207 was tentatively
assigned to the corresponding sulfate conjugate ( Figure 2). Atz
397221 two signals were detected, suggesting the presence of
glucuronide derivatives of 5-(hydroxymethoxyphenyl)-y-valero-
lactone. Similarly, two signals detected at m/z 301/221 were

209
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Table 3. Concentration of Microbial-Derived Phenolic Metabolites Detected in Hydrolyzed Human Plasma and Urine before and after Consumption of Almond

Skin Extract
plasma” (nM) uring” (nM)
balore after balom aftar
mataboite MRM transition mean 50 mean S0 mean 50 mean 50

hydrayphenylvalerolactones

5+ ditydrcxypheny(j--valerolacione 207—163 nd nd 121.08 =170 2355303 £1230.73

5+ hydroaypheny - valerolactone 191—147 nd nd 4881 10.12 22021 548
hydrayphenylpropionic acids

3 4-dhydroxyphenylproplonic acid 181—137 288036 36583  27E725 1453 205.14 41597 361837 T81.73

S-hydeyphenylpropionic acid 165121 203817 36780  1780.23 33528 8167 51.617
hydrostyphenylacatic ackds

3 4-diydroxyphenytacetic acd 167123 40628 11282 38583 004 758N 55981 3120 161.09

Ihydiyphenylacetic add 151—-107 98695 1433 43,50 5228 212 2366.71 T012.71 £401.08

4-hydmxy-3mathoxyphenylacelic acd  181—137 75581 18918 5T1.49 16227 632750 218686 2521261 10960.15

phenylasstic asd 135—91 848161 23350 BTHAI 2N BTN 11615 6716.28 LN ]
hydristycinnamic acids

m-coumarc acd 163119 1794 958 283 498 15.54 8.01 2.35 17.15

pcoumaric acid 163119 22X 0.46 19.14 266 14,86 1772 2065 1290

caffeic acd 178—135 509.99 95.05  484.26 2404 809.08 31826 12000 38

ferulic acd 193134 4650 26 .38 1268 111.13 17.70 365.45 258.27

Fhydy-4-methoxycinnamic acid 193134 7152 2628 .74 561 303448 12810 454198 1705.02
Iy droybenzoic acids

F-hydmxybenzoic ackd 13793 nd nd 206.2% 140.96 315.91 +10.28

S-hydeybenzaic acd 137—93 617780 82405 6527.00 23447 552080 1750.09 708403 24027

protocatechulc acd 153108 455006  T9ATE 42213 26567 901244 141496 945131 194247

vanilic acid 167—+152 282125 47851 3087.02 27306 2183 1127 1676.85 1183.74
hydraxyhippur; acids

S-hydmxyhippuric acd 194100 1456 147 11.46 011 1547548 1330870  17900.39 1273387

\Mgan (n=2) + standard deviation (SD). Before (al O h); after (al 2.5 h). "Mean {n=2) - standard deviation (SD'). Bafore (from —2 10 O hJ; after (fram 0 1024 h). “nd, not

detected. “ Quantified in only one volunteer,

tentatively assigned to the corresponding sulfate derivative of the
same molecule. These metabolites were detected in both fluids,
although with some exceptions in the plasma samples (T able 2),
and have been previously reported in human urine afier the
consumption of tea catechins (32,33). The identification of these
compounds was aided by the disappearance of the peaks after
enzymatic hydrolysis with #-glucuronidase/sulfatase and by the
appearance of peaks of corresponding aglycones, as will be
described bdow.

With regard to other flavonoids, conjugated metabolites from
main flavanones (naringenin) and flavonols (isorhamnetin) were
studied (Figure 3; Table 2). At m/z 447271 two signals were
detected in both plasma and urine samples tentatively assigned to
glucuronide derivatives of naringenin (my/z 447/271) originating
from the metabolism of almond skin naringenin-7-0-glucoside
and naringenin. In addition, two signals were detected at m/z 491/
315 and one at m(z 395/315, indicating that they were possible
glucuromide and sulfate derivatives of isorhamnetin (Figure 3;
Table 2). These latter metabolites may have originated from the
metabolism of isorhamnetin-3-0-galactoside and isorhamnetin-
3-0-glucoside present in the almond skin extract (Table 1)
because isorhamnetin-3-(:rutinoside needs to reach the colon
1o be metabolized by the microbiota (2/).

Metabolites denved from the microbial degradation of almond
skin flavanols were studied after enzymatic hydrolysis of plasma
and urine samples. The targeted metabolites were classified into
different groups according to their chemical structure (Table 3):
hydroxyphenylvakrolactones and hydroxyphenylpropionic, hy-
droxyphenylacetic, hydroxycinnamic, hydroxybenzoic, and hy-
droxyhippuricadds. Among hydroxyphenylvalerolactones, besides
S<{dihydroxyphenyl}y-valerolactone (m/z 207/163), the transi-
tion corresponding to 5-(hydroxyphenyl}y-valerolactone (m/z
191/147) was additionally studied in hydrolyzed samples. In
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plasma, no hydroxyphenylvalerolactone derivatives were de-
tected, whereas in urine the two forms (i.e., mono- and dihydroxy-
phenyl-y-valerolactones) were detected. The mass spectra of
5-(3 4 dihydroxyphenyl)-y-valerolactone (myz 207) reported in
a previous work (24) allowed the identification of dihydroxyphe-
nyl-y-valerolactone. The monohydroxylated form 5-(hydroxy-
phenyl)-p-valerolactone could originate directly from (epi)afziechin
units of properlagoniding or more likely from dehydroxylation of
(epi)catechin (Le., procyanidins), which occur in larger concen-
trations than the former compounds in the almond skin extract
(Table 1). Subsequent fission of the valerolactone ring leads to
hydroxyphenylvalenic acids (34—37), which are further degraded
to a series of phenolic acids. The targeted-studied phenolic
acids (hydroxyphenylpropionic, hydroxyphenylacetic, hydroxy-
cinnamic, hydroxybenzoie, and hydroxyhippunic acds) were
identified in both plasma and urine samples, with the exception of
3-hydroxybenzoic acid in plasma (Table 3). Hydroxyphenylpro-
pionic and hydroxybenzoic acids originate from the f-oxidation
of hydroxyphenylvaleric adds (37). a-Oxidation of hydroxyphe-
nylpropionic acids may also occur, leading to hydroxyphenyl-
acetic acids (38). Phenolic acids hydroxylated at C-3 (ie.,
3-hydroxyphenylpropionic and 3-hydroxybenzoic acids) are ikely
to be produced via the selective dehydroxylation of the OH group
of dihydroxylated compounds at C4 (37), whereas C4-hydro-
xylated phenolic acids (i.e., 4-hydroxybenzoic acid) are the result
of the dehydroxylition at C-3, although it seems to be character-
istic of the degradation only of procyaniding and not of mono-
meric flavanols (19, 20, 35, 36). Other microbial metabolites
targeted in the present study are derived from further metabolism
in the liver and kidney, including 4-hydroxyhippuric aad, from
conjugation of 4-hydroxybenzoic acid with glyane (39); m- and
p-coumaric acids, from dehydrogenation of 3- and 4-hydroxypro-
pionicacids, respectively; ferulic acid by further parahydroxylation
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Figure 1. MRM trace chromatograms of (api)catechin-O-glucurnides
{465/289), (epiicatechin sulfates (369289), O-methyl (epijcalechin-O-
glucuronides (479303), and O-methyl (epijcatechin sulfates (383303)
datected in urine samples after intake of the almond extract. The MRM
trace chromatogram comresponding to (epijcalechin (289245) & also
shown to confimn metabolites.

and methyktion of m-coumaric acid (20, 38); and vanillic and
4-hydroxy-3-methoxyphenylacetic acid by methylation of proto-
catechuic acid and 3 d-dihydroxyphenylacetic acid, respecti-
vely (20).

Microbial metabolites derived from flavanones and flavonols
were also identified. Nanngenin-7-0-rutinoside was degraded
into 4-hydroxyphenylpropionic acid and phenylpropionic acid by
human fecal microbiota in vitro (40). In the case of sorhamnetin
glycosides, there is no previous report of microbial metabolites,
but  4-hydroxy-3-methoxyphenylpropionic and phenylacetic
acids, as well as vanillic acid, are expected to be formed from
the degradation pathway charactenstic of other flavonok.
Among the possible metabolites derived from the microbial
degradation of naringenin and isorhamnetin, only vanillic acid
and 4-hydroxy-3-methoxyphenylacetic acid were targeted in the
present study.

Changes in Conjugated Phenolic Metabolites in Human Plasma
and Urine after the Consumption of the Almond Skin Extract. The
concentration of conjugated phenolic metabolites (phase 11 and
microbial-derived) detected in nonhydrolyzed human plasma and
urine before and after consumption of almond skin extract is
presented in Table 2. Among targeted compounds, conjugated
metabolites of epicatechin [O-glucuronide (3), @-methyl glucur-
onides (1 and 2), sulfates (1 and 2), and @-methyl sulfates (1 and
2)] were detected in only plasma after the intake of the almond
skin extract, indicating that they arise from the metabolism of
almond skin polyphenols. Other metabolites, including some
conjugated metabolites of hydroxyphenyhvalerolactones [S{dihy-
droxyphenyl}y-valerolactone sulfate], as well as glucuronides of
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Figure 2. MAM traca chromatograms of 5-(dilydroxyphenyl)-;~valerolac-
fone glucuronide dedvatives (383207), 5-(dihydraxyphemyl)-;~valerolactons
sullale dedvatives (287/207), 54hydroxymethoxyphenyl)-»-valemlac-
tone glucuronide darvatives (397/221), and 54 hydroxymethoxyphanyl)-
y-vakerolactone sullate derivatives (301/221). MRM frace chromato-
grams of aglycones, 5-(dihydmuyphenyl)y-vakroactone (207/163),
and 5+ hydroxymethooyphenyl)-;~valerolacione (221162) are akso shown
to confirm metabolies.

naringenin and isorhamnetin, were detected in plasma before
consumption of almond skin extract, but their levels increased in
all of them at 2.5 h after intake. Both (epijcatechin and hydro-
xyphenylvalerolactone denvatives have been quantified as (=)
epicatechin to estimate the changes in phenolic metabolite con-
tent after consumption of the almond skin extract. Taking this
approach into account, the consumption of 3.5 g of almond skin
extract resulted in a 57% increase in the total concentration of
plasma conjugated metabolites at 2.5 h after intake. These
findings seem to be in accordance with the pharmacokinetics of
(epi)catechin in plasma (fy., %= 2 h), which indicates absorption in
the small intestine (47 ). Fornaningenin, a fg,, = 5h in plasma has
been reported after the consumption of orange juice (42),
although it could appear earlier. In the case of hyvdroxyphenyl-
valerolactones, pharmacokinetic data of these compounds in
plasma are very limited. According to Li et al (28), g, of
543" 4 dihydroxyphenyl)-y~valerolactone occurred at 5= 12h after
green fea consumption in humans, Meng et al. (29) reported the
appearance of this compound in human plasma at approximately
5 h after the intake of green tea, achieving the maximum con-
centration at 12 h. Also in agreement with these resulls, Kohn
et al. (30) reported that 5+ ¥ 4'-dihydroxyphenyl}-yp-valerolactone

211
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Figure 3. MAM trace chromatograms of naringenin- O-glucuronides (447/
271), isorhamnetin-O-glucuronides (491/315), and sohamnetin suliate
(3957315). MRM trace chromalograms of aglycones, naringenin (271/
151), and isorhamnetin (3157300) ar also shown to confirm metaboktes.

appeared in plasma at 6 h after the administration of epicatechin
gallate to rats, although in this case fyax was achieved at 24 h.
These findings help to explain why only a small amount of
hydroxyvalerolactone conjugated metabolites could be detected
in the 2.5 h plasma sample of the present study. However, these
metabolites increased at 4.5 h after the intake of the almond skin
extract, and other new metabolites such as S-(dihydroxypheny)-
y-valerolactone glucuronide denivatives (1 and 2) not detected at
2.5 howere also detected at 4.5 h after intake (results not shown),
indicating that a longer time is required for the microbial
biotransformation of almond polyphenols in the colon.
Theanalysis of urine revealed an increase in the urinary level of
all targeted conjugated metabolites as a consequence of the con-
sumption of the almond skin extract. Among these metabolites,
S{dihydroxyphenyl}-p-vakrolactone glicuronides (1 and 2),
S dihydroxyphenyl)}y-vakerolactone sulfate, and (epijcatechin
sulfiute (1) presented the largest increases in concentration | 163-,
218-, 113-, and 182-fold increases, respectively). Consumption of
green tea catechins (28, 29) or cocoa (24) in humans has also
resulted in an increase in the formation of hydroxyphenylvaler-
olactones. Maximum renal excretion of 543 4-dihydroxy-
phenyl}-y-valerolactone in humans has been reported to have
occurred at 3—6 h for pure (—)-gpicatechin or at 8—24 h after
green tea consumption, although it could vary greatly between
subjects (28, 29). In our study, consumption of 3.5 g of almond
skin extract resulted in a 102-fold increase in the total urinary
concentration of conjugated metabolites 24 h after intake. It was
ako calculated that phase 11 metabolites of {ept)catechin, nar-
ingenin, and isorhamnetin accounted for 44, 5.3, and 1.4%,
respectively, of the total monomeric flavanol [(+)-catechin +
(—)-epicatechin], total naringenin (naringenin and its -7-O-gluco-
side derivative), and total isorhamnetin (isorhamnetin and its
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<3-O-galactoside, -3-O-rutinoside, and -3-O-glucoside deriva-
tives), ingested in the almond skin extract (Table 1). Urinary
excretion ranges of 2.1=55.0and 1.1-30.2% have been reported
for (epi)catechin and naringenin, respectively (#7). However,
there are no data currently available of the urinary excretion
rates of isorhamnetin, although its pharmacokinetics in plasma
seem to be similar to that of quercetin after the consumption of
almond skins (4).

Changes in Microbial-Derived Phenolic Metabolites in Human
Plasma and Urine after the Consumption of the Almond Skin
Extract. The concentration of microbial-derived metabolites
detected in hydrolyzed human plasma and urine before and afier
the consumption of almond skin extract is presented in Table 3.
The plasmatic level of microbial-derived phenolic metabolites
remained practically constant after consumption of almond skin
extract. In fact, the plasmatic concentration of total microbial-
dernived phenolic metabolites accounted for 29.79 uM before
consumption and for 29.66 M after consumption of almond
skin extract. According to Kohri et al. (30), subsequent microbial
degradation of products of hydroxyvalerolactones, such as
3-hydroxyphenylpropionic acid and m-coumaric aad, appeared
in rat plasma 6 h afier consumption of (—)-cpicatechin gallate,
reaching maximum levels at 24 h. Therefore, the 2.5 h plasma
sample may not reflect microbial metabolism because almond
polyphenols need a longer time to reach the large intestine and be
biotransformed.

In contrast, major changes were observed in the urinary levels
of all microbial metabolites after consumption of almond skin
extract. Hydroxyphenylvalerolactones, in particular 5-(dihy-
droxyphenyl}-y-valerolactone, exhibited the largest increase in
concentration (195-fold increase). Among the remaining com-
pounds, the concentrations of vanillic acid and 3-hydroxyphe-
nylpropionic acid also exhibited large changes (8- and 6-fold
increases, respectively). These results seem to be consistent with
those of Rios et al. (#3), who reported a significant increasein the
urinary excretion of these metabolites, among others, in healthy
humans after acute consumption of a flavanolkrich chocolate.
Most microbial-derived metabolites were found to increase from
6 10 48 h after consumption and registered maximum levels from
24 to 48 h (43). Also in line with our results, Ward et al. (#4)
reported an increased urinary excretion of 3-hydroxypropionic
acid and 3-hydroxyphenylacetic acid after human consumption
of grape seed polyphenols. As a consequence of the consumption
of almond skin extract, the total urinary microbial metabolite
concentration increased by 109%. The total polyphenol content
of the 24 h urine sample (as determined by the F-C method) taken
after the consumption of almond skin extract was 212.5 mg of
gallic aad and accounted for 24% of the total polyphenol intake
(8844 mg of gallic acid). Microbial-derived phenolic metabo-
lites (Table 3) represented 4.9% of the total polyphenol intake
(884.4 mg of gallic acid), whereas (epi)catechin conjugates
{Table 2) represented only 0.11% of this intake. These findings
seem to be in line with the results reported by Gonthier et al. (/9)
for rats fed wine polyphenols, in which microbial metabolites and
catechins [(+)<atechin 4 3'-0-methylcatechin] represented 9.2
and 12% of the total polyphenol intake, respectively. Lower
yields in the case of the almond skin extract could be due to the
structural complexity (A- and B-type properlagonidins, procya-
nidins, and prodelphidins) and the high mDP of the almond skin
extract (total proanthocvaniding, 315 mg/g) incomparison to the
wine powder used in the rat study (146 mg/g) (/9).

In conclusion, to our knowledge this study constitutes the most
complete report of the bioavailability of almond skin polyphenols
in humans, including both phase 1l and microbial metabolism.
Almond skin polyphenols were absorbed as phase 11 metabolites,
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mainly ncluding glicuronide, O-methyl glucuronide, sulfate, and
O-methyl sulfate derivatives of (epi)atechin, which arise from the
metabolism of monomeric flavanols, as well as glucuronide and
sulfate denvatives of isorhamnetin and glucuronide derivatives of
naringenin. Of particular importance was the detection of micro-
bial-derived metabolites of flavanols, 5-(dihydroxyphenyl)-y-
valerolactone and 54 hydroxymethoxyphenyl)-y-valerolactone
in their glucuronide and sulfate forms, which confirmed the
absorption of both monomenc and polymeric flavanols from
almond skins and subsequent conjugation in the liver. Numerous
metabolites derived from the further microbial degradation of
hydroxyvalerolactones were also detected. The urinary excretion
of these metabolites accounted for alarger proportion of the total
polyphenol ingested than phase 11 metabolites of monomeric
flavanols, indicating the important role of intestinal bacteria in
the metabolism of highly polymenzed almond skin polyphenols.

ABBREVIATIONS USED

LDL, low-density lipoprotein; DAD, diode array detector:
mDP, mean degree of polymerization; SPE, solid-phase extrac-
tion; IS, internal standard; MRM, multiple reaction monitoring;
F-C, Folin—Ciocalteu.

SAFETY

Guidelines for work with organic solvents and aads were
respected. Universal precautions for the handling of chemicals
and fluids were applied.
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1. INTRODUCTION e o

The total polyphenols dietary intake is about 1 g/d. It Is much higher than all other known dietary antioxidants(1). The health effects of polyphenols depend on their respective intakes, their synergism
and their bioavailability, which can vary greatly (2). Epidemiological studies have repeatedly shown an Inverse assoclation between the risk of myocardial infarction and the consumption of tea, wine
fruitand vegetable and a clear associations have been found between cancer risk and polyphenols consumption(3).

The Folin-Ciocalteu (F-C) assay is affected by several interfering substances typically present in urine. Oasis® MAX 96-well extraction plates allow a reliable Solid Phase Extraction (SPE) in biological
fluids, The well plate makes the method pa arly well-adapted to the analysis of large batches of samples far clinical and epidemiological studies

A nutritional biomarker can be any biological specimen that is an indicator of nutritional status with respect to intake or metabolism of dietary constituants, Tt can be a biochemical, functional or
clinical index of status of an essential nutrient or other dietary constituent (4).
: r) ey J -
ATMs: . Result
1. Evaluate the total polyphenols(TP) and the antioxidant capacity in urine to correlate

its with TP intake, to be considered as biomarker of the Ingestion, bioavailability and
accumulation of these compounds, CABFItOF - {MaanE meastned,  Preckion

Precision and accuracy

. Improved and optimized the F-C assay described by Roura et al (5) using Oasis® MAX Concentratio  concentration (RSD), %
96-well i plates (| 4 Anion-eXch; and e Phase n, mg/L mg/L (n=5)
Solvent), Gallic Catechin ¢

acid

2. Material and Methods .

STUDY DESIGN AND SAMPLES

["12 healthy adult volunteers, (8 woman
and 4 men; age range 24-54 years).
L |
Prospective randomized, crossover trial mg gallic acid equivalent/ g creatinina :
/ \ excrated In morning urine after the ingastion of 2 -
urinary polyphenols
. the high, normal and low polyphencl diet.
First group (6) Sacond group (6) Food Group = P

3days: high polyphenols diet (HPD). > 3 days: low polyphenols diet (LPD). Fruits 0,332 0,048

L t i Limit of detection =
Limit of quantification=0.11 mg/L

Corralation betwaen consumption of

3 days: free-living diet (NPD). < 3 days: free-living diet (NPD). = Vegetables 0,504 0,002
3 days: low polyphenols diet (LPD) 3 days: high polyphenals diet (HPD). t Legumes 0,106 0,53¢

Coresls 0,644 0,001

Food groups: cereals, legumes, nuts, , fruits, oils and phenolic beverages .

),082
Total polyphenols content(mg/ g fresh matter) were quantified according to Saura-Calixto F. et al (6) s
taking into count the frequency questionnaire of the volunteers, oils 0,094 0,586
Nuts 0,221 0,195
> Solid Phase Extraction: extraction of total polyphenols
Chocolate 0,103 0,551

96 well plate cartridges from Waters Oasis® MAX (Milford, MA, USA), shenols
Calibration curve phenols
13 Condition: 1 mL of methanol 98-100%. trolox

- " equivalent

2% Condition: 1mL of sodium acetate 50mM pH 7. antioxidant
Load: imL samples + 1mL Milli-Q water + 34 pL Hcl capacity in
i different diet
Wash: 1 mL sodium acetate 50mM pH 7/ 5% methanol.

Elution: 1.8 mL methanol at 2% formic acid.
>*ANALYSIS OF TOTAL POLYPHENOLS IN URINES: thermo microtiter 96 -well plate

15 pL of each methanolic fraction eluted after SPE,
170 uL of Milli-Q water, 12 jL of F-C reagent

30 pLof sodium carbonate (200 g/L). The antioxidant-rich diat involved high vegatable

Incubation 60 min. in the darkroom. 1 d fruit intake was p ly corr d to the
polyphenol excretion and tl ntioxidant
. = consumption was negatively
Measure absarbance at 765 nm . =d to the total polyphenol excretion.

After the reaction period: 73 pL of Milli-Q

»ANALYSIS OF CREATININE IN URINES: thermo microtiter 96-well plate - No significant correlations were observed with the
rest of the groups.

3 pL of urine, 5 pL of sodium hydroxide (10 %0)

60 pL of aqueous picric acid solution at 19%

15 min of reaction in the dark

232 pL of Milli-Q water 1. Total pcl_vnluenal-.s excretion could be used as biomarkers to evaluate the
Measure absorbance at 500 nm consumption of total fruit and vegetable.

»ABTS RADICAL CATION DECOLORIZATION ASSAY (7)
The antioxidant activity of the compounds Is determined by the dacolorization of . Total polyphenols intake was correlated with total polyphenols measured by F
the ABTS*, through measuring the reduction of the radical cation as the assay and antioxidant capacity (TEAC) in spot urine samples, to be considered a
REEaninge i HinWiot. . sheorbanca et 1 nime biomarker of the ingestion, bioavailability and accumulation of these compounds.

calibration sample

Trokox Trolox Dilution sample A Folin-Ciocalteu assay using Oasis® MAX 96-well extraction plates was improved

n and optimized to assess total polyphenol in human urine samples,
0 0

40 5

m o A

5

5

5 20
5

1. Scalbert A, Williamson G. Distary intake and bioavailability of polyphenols, J Nutr 2000;130:20735-855.

Trolox 2. Feher 1, Lengyel G. [Nutrition and eardiovascular mertality]. Orv. Hetil. 2006;147:1491-6.

(imM)  Trolox Calculation 3. Scalbert A, Manach C, Morand C, Remesy C, Jimenez L. Dietary polyphenols and the prevention of diseases. Crit Rev Food Sci
Nutr 2005;45:287-306.
uL ]
o o
1,25 03125
0,5 250
0,625

INH%= (Asolvent-Acompound) x100 a
Asolvent 3:8735-45.

5, Roura E, Andres-Lacueva C, Estruch R, Lamuela-Raventos RM, Total polyphenol intake estimated by a modified Folin-Ciocalteu
INH9% of sample assay of urine, Clin Chem 2006;52:749-52.

IL. Bi of it exposure and nutritional status: an overview. J Nutr 2003133 Suppl

15 0.9375 INH% of trolox 6. Saura-Calixto F, Goni L. Antioxidant capacity of the Spanish Mediterranean diet. Food Chem 2006;94:442-7.
7.Re R, Pellegrini N, Proteggente A, Pannala A, Min Yang, Rice-Evans C. Antioxidant activity applying an improved ABTS radical
cation decolorization assay. Free Radical Biology and Medicine 1999; 26: 1231-1237.
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INSTRUMENTAL: Spectophotometer UV/VIS Thermo Multiskan Spectrum

olyphenols were expressed as mg gallic acid equivalent (GAE)/ g of
e and mg catechin equivalent (CE)/ g of creatinine.
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0C5-7 Oral Communications

Normal distribution of urinary pelyphenol
excretion among male adolescents and
changes associated with nutritional
intervention with tomato juice
{Lycopersicon esculentum)

Laila Hussein: A. Medina,; A. Barrionuavo,

AM Lmusla-Ravestas’ Cristing Andres-L acueva

Departments of Mutrition and Food Science,
Mational Research Center, Egypt and Pharmacy School,
University of Barcelona, Spain

Intreduction: The urinary [P P] was validated as a reliable bio-
marker for the intake of [P P]- rich fruits and vegetables. Objectives:
To assess the normal distnbution of uninary [P P] excretion among
healthy male adolescents on typical Egyptian diet To follow — up the
impact of nutritional intervention with tomato juice on the [P P]
excretion patterns,

Subjects: Forty nine adolescent males collected a 24h urine and
completed a dietary record during 7 day period. A nutritional inter-
vention program included daily serving of 240g fresh tomato juice
was carried out on a subsample group and terminated for three weeks.
Total urinary [P P] were measured before and after the termination of
the intervention program.

The analysis of the urinary [P P] was completed after a clean up step
using the solid phase extraction.The [P P] was then measured by the
modified Folin Clocalteau colorimetric reaction in 96 well microplates.
The results were expressed as mg gallic acid equivalents per 24h unine
[GAES 24h] or as GAE per gram urinary creatinine [GAE/Cr].

Results: The urinary[P Plexcretion averaged 48.6GAE24h or
89.5GAE/Cr. The three week intervention with tomato juice increased
the urinary excretion of [P F] by more than 2.5 fold compared to the
respective baseline figure. The intervention increased also polential
biochemical indicators of the antioxidative status .

Conclusion: The patterns of urinary [P P] excretion suggested
that tomato [P P] is highly bioavailable among the male adolescents.
The present findings are in good agreement with earlier reports that
urinary [P P] excretions is a potential biomarker for the dietary [P P]
intake.

0C5-8 Oral Communications

Relative effects of black rice fraction and
wood sterolz on cholesterol levels and
plasma lipid parameters in rats

Aneta Kopec; Jerzy Zawistowski: Charles Hu;

David D. Kitts

Food, Mutrition and Health Program, University of British

Columbia, Vancouver, B.C. and Forbes MediTech. Inc.
Vancouver, B.C., Canada

This study reports the individual relative effects, and combina-
tions of black rice fraction (BRF) and wood sterols (WS) in hyperc-
holesterolemic rats exposed to mild hypercholesterolemia (e.g.

T Ann Nutr Metab 200751 (suppl 1):1-422
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absence of bile acids: Exp. 1), or extreme hypercholesterolemica (e.g.
presence of bile acids: Exp. Il), on plasma lipid profile and total
hepatic cholesterol accumulation in male rats, Exp | control diet con-
tained 0.5% cholesterol, 1, or 3% BRF and a combination of BRF
treatements with WS {e.g. 2%). This experiment was repeated in Exp.
11, but with the addition of cholic acid along with 0.5% cholesterol to
diets. After 10 weeks feeding experimental diets, animals were sacri-
ficed by exsanguation under halothane anesthesia, and blood was
drawn from a heart puncture and collected in heparinized bes.
Plasma and liver total cholesterol (TC), HDL-cholesteral, triacylghe-
erel (TAG), and antioxidant activity (ORAC method) were measurad
at the end of experiment. In both experiments, the combination of
BRF and WS significantly decreased the level of TC, and LDL. Rats
fed control diet with WS showed higher HDL cholesterol levels
(p=<<0.05) than rats fed diets with BRF, or diets with BRF and WS,
The LDL cholesterol level was significantly lower in rats fed WS in
both experimental groups (p <<0.01). Concentration of plasma TAG
was significantly lower in severely hypercholesteralemic rats fed a
combination of BRF and WS, in presence of bile salts. Liver crude
lipids and TC levels were significantly decreased in all experimental
groups. Combination of BRF and WS did not alter plasma total anti-
oxidant activity. We conclude that BRF and wood sterols are useful
ingredients for formulating functional foods that can modulate cho-
lesterol levels in vivo.

0C6-1 Oral Communications

Influence of gut microbiota on
immunclogical maturation in infancy

Rikke Brandt Serensen, Susanne Brix Pedersen,
Hanne Frokiser

Mutritional Immunclogy Group, Center for Biclogical
Sequence Analysis, Technical University of Denmark,
Kas. Lyngby, Denmark

Maturation and function of the immune system is highly influ-
enced by the cstablishment of the microbiota in the gut, which in turn,
particularly in mfancy, is influenced by factors such as maternal
microbiota and the environment, including diet. Studies have shown
that although lymph nodes are able to elicit mixed Thl/Th2 responses,
Th2 responses dominate in the spleen in the neonatal mouse,

In this study, we compared phenotypic markers present on mesen-
teric lymph nodes (mLNs) and spleens from 3 weeks old mice, to
levels found in adult mice. We found that mLNs displayed levels of
CD4+ and CDE+ T-cells as well as NK-cells similar to those found in
adult mice, while splenocytes expressed severely reduced levels of
these markers and were impaired in their ability to proliferate in
response to anti-CD3/ant-CD2S,

To further characterize the development of immunological matu-
ration in spleens from young mice, female mice were administered
different probiotics during pregnancy and lactation and their offspring
sacrificed at the age of 3 weeks, Intercstingly, intake of Bb. longum
Q46 or E. coli Nissle 1917 resulted in reduced levels of CDd, CDE
and CD49b on the cell surface of splenocytes as well as impaired ex
vivo proliferative abilities of T lymphocytes as measured by 3H-TdR
incorporation. Furthermore, Bb. longum O46 and E. coli Nissle 1917

Oral Communications
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Determination of total poliphenols and resveratrol in beer.
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trans- and cis-Piceid and trans-resveratrol have been found in
different hop cultivars in concentrations ranging 0.5-11.7 ppm

(Jerkovic, V. and Collin, S. 2007, J. Agiic. Food Chem. 55:8754- {
8758). Although about 20-30% of beer polyphenols originate from '
hop, whereas 70-80% are malt derived, hop is added 100 fold less

1l

than malt. So, low concentrations of trans- and cis-piceid could be
expected in final beer.

For this reason, the aim of this study is to determine the resveratrol 1. “ﬂﬂ'l'ﬂlb"m
and piceid and total polyphenols content in a wide variety of beers e

(alcohol free, lager, pilsner, trappist, dark, weissbier). (125ml of red wine)
Total polyphenols in beer were quantified by Folin-Ciocalteau method (Roura, .E et al.
2006, Clin. Chem 52: 749-752), expressed as mg/L of Gallic Acid Equivalents (mg
GAE/L).

Resveratrol analyses were carried out by LC-MS/MS after a solid phase extraction of
sonicated samples (Urpi-Sarda, M, et al, 2007, Clin. Chem, 53:292-299).

Special and trappist beers contained significant higher levels of polyphenols
(640.81+142.22 meq AG/L) than pilsener/lager beer (467.98:141.92 meq AG/L,
P<0.05), being a source of phenols to consider. Pilsener/lager beer had more
o’ polyphenols than alcohol free beer (280.29:87.25meq AG/L, P<0.05).

- - i - . The most flavored beers contained more polyphenols than the rest of beers, suggesting
MO % " @L'J that the brewing process is a determinant of the total polyphenol concentration.

17 of 87 of analyzed beers contained piceid in a concentration range between 0.28 and
3.39 ppb, mainly in the cis form.
Only 5 of the 17 beers contained trans-piceid.

The Brawing protids No piceid was found in any alcohol free beer, TABLE 2. PILSENER AND LAGER BEER

TABLE 1. SPECIAL AND TRAPPIST BEER

Total polyphenol content in different types of beers
1000

-
800

< L | K S ‘Sarmues . 3940,1F

24— I

E 200 . g TABLE 3. ALCOHOL FREE BEER
n=36 n=39 | n=12 ~

0 T T 1l

Special/ Pilsener/ Alcohol free
Trappist Lager

Figure 1. mg GAE/L in Special and trappist beer (n=36), pilsener/lager beer (n=39) and alcohol free beer (n=12). *p<0.05
Table 1 and 2. Concentrations of total piceid (trans- and eis-piceid ) (ug/L) of the different beers analyzed. Values are expressed as meansd,

We are grateful for the financial support of the Mlnls'ay of Science and Technology (AGL2006-14228-C03-02/ALL), Ingenio-CONSOLIDER program, FUN-C-Food
CSD2007-063 and the CIBER 30/06 Fisiopatologia de la Obesidad y |a Nutricion, Instituto de Salud Carlos 111, Mireia Urpi-Sarda and Alexander Medina-Remon
thanks FPI fellowship program from the MEC and FI Feilowshlp program from the Genera]ltat de Catalunya mspechvely.
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Total Polyphenols in Human Urinary as Biomarkers of Fruits and
Vegetables Intake in the PREDIMED Study.
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1. INTRODUCTIO

Total dietary polyphenol (TP) levels are approximately 1 g/d [1]. higher than all other known dietary antioxidants, around 10 times higher than dietary vitamin C and 100 times higher than witamin E and carotenoid
levels. There are few studies that correlated the intake of polyphenols-rich food with the urinary excretion of total phenolic compounds. The health sffacts of depend on their respi intakes. synergi

and bioavailability, which can vary greatly. Epidemiological studies have shown an inverse association between the risk of clial i ion and the ion of food rich in phenolic compounds: tea, wine.
fruit and vegetables (F&V) and a clear associations have besn found between cancer risk and polyphenol consumption, Nutritional markers have several advantages for epidemiologic and clinical assays, over dietary
data obtained by food i (FFQ) [2]. Bi of the intake of some nutrients are more pracise than dietary assessment and pravide a more accurate measure of specific nutrient intake than
FFQ: because it often intake. The of 5. measiired in both blood and urine, are essential for making estimates of polyphenol intake. However, the relationship between

dietaryintake it i wplex [3].
3. Results

AIMS:
Evaluate the association between TP excretion in spot urine samples | [Tabiei. ol the sty b o il g
GAE/g

and total F&V intake in a free liing population with cardiovascular |
tisk to be considered as biomarker of the ingestion, blolvajlnblllly
F

Urine mg GAE/ g creatinine concentration quartile

Q3 (119.47- Pfor
2 Sub je cts a atanen)  azestieds) S0 adpiey G
Mo of subjects 147 148 147 147 0742
Women, n (%) 51(34.7) 83(56.1) 85(57.8) 107(72.8) <00
:?9}":‘":“:" “'I'J V'““'p‘::'.‘ from PRE:'MED study lﬁﬁmmum'“m‘; Mean (SD)age.y 86.0(5.7) 68.3(6,1) 68.0(5.8) 69.3(6.0) <0001
o). TTus 158 l8rge, pRrHie): group, mltcanten, Coftio pomic Mean (SD)EMI, (ka/m2) 20.6(2.9) 206(3.7) 202(3.7) 20134 0471
el Sl mrmsny ""“"’."ﬂah;,',‘.‘rt:lmn <hston e Prmary PIBVRKIBNDN S (o ot or chess (BMIZ25 Kgm2LA (%) 133(63.8) 137 (9261 128(87.1)  135(91.8) 0263
- I] 5 pressure {mm Hg), mean (SD) 152.0(18.2) 152.4(18.2) 155.5(21.8) 155.9(32.4) 0125
/ \ Diastolic blood pressure, mean (SD) 87.6(10.8) 86.3(9.8) 85.8(11.9) 84.5(9.1) 0.013
Cardiovascular Frequency. mean (SD) 68.2(10.4) 70.0011.8) 68.3(10.1) TLT10.1) 0.148

[ 263men(551080yearsold) | [ 326 women (6010 80 years) | E ! i
nergy expendiureinphysical activty kealldh. 565 15155)  24s.0(2207)  2034¢231.0) 2553(2083) 0878

_l—-l mass corporal index between 20,4 and 49.4 |.—|_ mean (5D}

Current smoker, n (%) 39(26.5) 20(13.5) 22(15.0) 14(9.5) <0.001
Urinary polyphenols wera analysed by the Folin-Ciocalieu (FC| assay after a solid phase|  egetables g 2531 (80.2) 2611 (B1.) 2626 (84.0) 2727 (92.1) 0.053
extraction (SPE) to remove the possible interferences with FC reagent. TP consumption| ¢y, g, 3046(1436) 3931413 3151(1329) 360.8(1512) 0.002
from plant food (mg g frash mater) wore quianiified according to Saura-Callxto F stal 9] 11y s and vegetable (g) S577(1768) 5804(1733) S777(1621) 8335(180.1) 0.001
I s ones s o1ipe SlUplao e haseine: Total Poly; } GAE) 1075.6(3548) 1057.5(3202) 10862(3223) 12225(438.3) 0,001
Total Energy. Kealid 2380.1(586.8) 2238.0(472.0) 2205.1(547.4) 2138.5(476.8) <0.001
SPE: 86 wall plate cartridges from Waters Oasis® MAX (Mixed-Mode Anjon-Xchangs and | Urine Total Polyphenal (mg GAE/g creainine) (118 1031(82)  1382(111)  226.1(69.8) <0.001

s vasiables, and chi-squace Test was wied for categorical variabl

galic seld equivalent; BAI: body mass indsc

Reversed-Phase Solvent). 1A general lineat model vwas wsed for <ontin

17 Condition: 1mL of methanol 98-100%.

2*Condition: 1mL of sodium acetate 50mM pH 7,
Load: 1mL samples + 1mL Milli-Q water + 34 pLHCI.

Table 2: Result of simple Table 3: finear analysis with TP excreted in spot|
analyses  between total polyphenol||urine samples (mg GAE/g creatinine) as the dependent variable and a)
excreted expressed as mg GAE/ g||serving of F&V intake (g/d) as exposure variable, adjusted for potential
creatinine and the different food groups as || confounders

serving of 100 g,
Wash: 1 mL sodium acetate 50mM pH 7/ 5% methanol.

ral {ati " =
Elution: 1.8mL methanolat 2% formic acid. ot p_u;;;]mm L B = L ® s S
(n= Modsl 1 1131 0035 0155 000 0068te09d  DOM

r P

vawms 0.088 0.032 Model 2 a2 0oas 0132 0.001 0047 ta 0177 IRRE
ANALYSIS OF TOTAL POLYPHENOLS IN URINES: thermo microtiter 96-well plate. ciilE REEE . S e e
Fruit and vegetable (F&V) 0137 0.001 Ml & 0.12 0036 0.16¢ 0,06 0,055 b 0198 (R

15 L of each methanolic fraction eluted after SPE
170 pL of Milli-Q water, 12 L of F-C reagent

30 pL of sodium carbonate (200 g/L).

Incubation 60 min. in the darkroom.

After the reaction period: 73 pl of Milli-Q

Total polyphenolsintake  0.109  0.008

cosfficiant; CI; Confide:
Model 1, unadjusted:

interval: P; two-sided test of significance: RY; determination cosfficient;
2 was adjusted by tox, age and waight; WMadel 3 3 in Madsl 3 and
| and snergy sxpanditurs n physical actvity;
o0d, olive oll beer, chocalates, patural orange

I, milk products, mest or meat product, nuts, pasirles.cakeswents, Frult and
vagetables. wine and coffes bntake: GAE: Gallie acld equivalent.

Measure absorbance at 765 nm

The result of the simple correlation analysis (Table 2) shows that the TP excreted in spot urine expressed as mg GAE/ g

ANALYSIS OF CREATIMINE IN URINES: t sorottec S wel ol y with fruit, F&V and TP intake.

In linear regression analyses (table 3) were observed a significantly positively association between the total polyphenals
excreted in spot urine samples and daily intake of 100 g (one serving) of F&V in unadjusted model. In multivariate
60 L of aqueous picric acid solutionat 1% regression, after adjusting for potential confounding factors (model 2. 3 and 4) the association remained positively

3 pL of uri d 5 pl of sodi ide (10 %)
15 min of reaction in the dark
232 L of Milli-Q water , vortex during 1 min.

Measure absorbance at 500 nm 4- CONCLUSIONS

[Em[p.: ! - ] 1. Total excretion could be used as bi to evaluate the cor ion of total fruit and vegetable
S i &
Total polyphenols in urine samples were as mg gallic acid equi: (GAE) gl
of creatinine. 2. Total intake was with total by F-C assay in spot urine samples, to be
i i he i i il hese

Statistical analysis

3. A Folin-Ciocalteu method to assess total polyphenols in spot human urine samples with Oasis®@ MAX 96-weall
Analyses were performed using SPSS software version 14.0. tests ion plates is fast, simple and allows the analysis of a large number of samples, as many as 96 samplas, The
were expressed as percentage or means and SD, Because of the TP content in morning methodology could potentially be used to derect a wide range of polyphenols in urine samples, with the high
urine was notn y y aboxcox transformation. throughput of 96-well microtiter plates and reader

The Rho Spearman correlation model was used to examine the simple correlation

:;r:m:l’efcfodmmmsmmhsmd fruit, vegetable, F&V and TP intake. P-values S_REFERENCES 6 SUPPORTED BY

Multivariate linear regression wers performed to assess the relation betwesn TP CICYT's (AGL2005-002823) and Red de Grupo G03/140 and

excreted in urine as the dependent variable and F&V {serving of 100g) as exposure| [1]  Scalbert A, etal. (2000)J Nutr. 130:20735-858, RETICS RDOG/0045/0003 from the Instituto de Salud Carlos
iable with istment tential confounders,

verisilewhh G lietiltlodihimdedoich 121 MarshallJR, (2003) Nutr. 133 Suppi 3:8818-7S, I (Pl 052443, PIO70240). R. Z-R. was supported by

Departament d'Universitats, Recerca and A M-R. was
131  SpencerdJP.etal. (2008) JC. Br J Nutr 99:12-22, % rted by the Generalitat de Catalunya for the f o
[]  EstruchR, et al. (2006) Ann. Intern. Med, 145:1-11, of personal investigator (2006F1 01399).

[51  Saura-CalixtoF. et al. (2006) Food Chemistry 94:442-T.
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High sensitive determination of resveratrol in beer by liquid chromatography
tandem mass spectrometry
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EVALUATION OF POLYPHENOLS INTAKE IN THE PREDIMED STUDY

Alexander Medina-Remén, Raul Zamora-Ros, Cristina Andrés-Lacueva, Maria
Rotchés-Ribalta, Ramon Estruch, Javier Diez-Espino, Miguel-Angel Martinez
Gonzélez and Rosa M. Lamuela-Raventos.
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I {TP) levsls are approximately 1 gid [1]. higher than all other known distary antioxidants. arcund 10 fimes highes than dietary vitamin € and 100 times higher than vitamin E and carotenokd
levels. There are few studles that correlated the Intake of polyphencls-rich lood with the uinary excretien of fotal phenolic compounds. The heaith effects of potyphencls depend on thelr respective lntakes, synergism
mdHmﬂﬂlﬂuwﬁﬂmmumEnldmldoglutMnIvmmmmm&mmwmawnmmw:mﬂmmhmmkmpommmt.
fruit and vegetables (FAV] and o slear have been found between cancer risk and polyphenel consumption. Nutritional markers have several advantages for epldemiclole and clinieal assays, over dietary
mmwmmwwmnum{ﬁll]mImmotmmmnlmtmnmmmupmmmmmymmmmm«nmmmwmummmmmm
FFQ; bacaute i often Intaks, The g In both Blood and uting, are sesential 1ot making eetimates of polyphencl Intake. Howevar, the relationehip batwesn

dlstary it

Objectives:

Total dietay pol

gy "-'r“"m

The aim of the present study was fo evaluate the aseociation batween TP Table1; Basefine of the study participants by quartile of tatal palyy ‘ as mg
wxcretion in spot urine samples and total FAY intake In a frea living population ¢ crealinl
with cardi risk to ba dered ker of the ingestion, Urine my GAE! § ereatining concentration quaile
blovilability and katlon of total palyphenals intake from fotal FAY a3fiaar. Pl
Y Lo - OUCRRYY Q2 AUI19.48] |'n.ﬂ opray
M of suhjacts w 148 1 n7a2
Wernen, % 0 0061
- B Mean{501age, y [TERR “0.001
569 admitted trial participants from PREDIMED study (PREvention with MEDiterranean|  MraniSmiFLA fhgim? & URTL
Diet), This 1 a large, parallel group, multicenter, controlled, randomized 4-year clinfeal|  Cverwmiyblun wbese BMILZS Kyl 2 12807101 0263
mdm.d at assessing m"nmgm.. Meciterranean dist on the primary prevention of| st llulisssare o Hg) seman 500 1524118.2) 155.5(21.8) 0125
hat dise: : predimed org) (4] Dhastelic biood pressure. mean (50} 8 B84 a0t
Cardiov asc.nlvfleuur\:; mean 50} 88341001} 0148
E el ity sl s
mmnmuwMuﬂl “mmnwm bLi-’J T Pt 203.0031.0) 0578
corparal indes between 20,4 and 49,4 el siricker, 11{%} 14i8.5) a.o21
Vegetabiesial 2027 (g2 0053
Fritaig #OA(S12 oo
Total fruits and vegelabls (3 6335(1001) oon

Urinary polyphenols were analysed by the FolinClocalteu (FC) awsay atter a solid phase Teta Polgphincitintuk mg GAE}

B2 X

WE oo

extrisction (SPE) fo remove the possible infurferences with FC reagent. TP consumption

Tola! Evvesgry. Kcalid 22051 (547 4. <{001
Tram plant foed (mgl g fresh lﬂl]mm“lﬂmmmmp Al Lvine Total Pelyphenst (mg GAE) g crestining) V2T 0.601
quency g the ot the baseline. A e o ol il et ik, sl s i ot v ol i AR e b TR e s
mwmmmnrnlmmmmmqmulenM|w T T R o T Sy W TP e il
S lwpu between lotal  polyphenol] uﬂnsmﬂumm:mwummmmmwu
1* Condition: 1 mL of methanal $8-100% excrafed expresead ae mg GAE' g||serving of FEV intake (gid] as exposure variable, adjusted for potential
crenlinine and ihe differen! food groups s | confounders
2* Condition: 1ML of sodlum acerate S0mM pH 7. serving of 100 g,
Load; 1mL samples + 1mL Milll-0water + 34 jL HCL walpopaton || owaad | | e e e
Wash: 1 m“m“mm’"“—“ methanal. 2 - = Madat 1 o 005 0.1 <00 S0sal10 0199 (1]
Hll‘lhl'l: 1 SI'IIL e g “ f I “ w m 0031 Maded an [ 154] R 80 e b am
ANALYSIS OF TOTAL POLYPHENOLS IN URINES: ther 96wl plate. Frure it nn0d Metd3 o.m7 B [EF ] (17 pbMe DT Qa3
Fruit and wostabrbe (FAY] LR E T H ] [ 0427 oo 0.8 1O TR T TR S
15 uL of each methanalic fraction eluted alter SPE 0400 0008

i st coufcart i b cosflant; S5: Standd e Bt Szt
twve-sided toat of | dstwtmination ¢onficiomt;
Mol 1. unadustod: Mool 2 wen adjased by 14 age and waight: Model 3 as in bedl 2 and
mmmmmmnww-hm-mn

170 L of Milli-Q water. 12 uL of F-C reagent
30 L of sodium carbonate (200 giL).

Measure absorbanee of 765 nm

Incubation &3 min. In the darkroom. s, tea. o, MR prodity medt o mast (aduct MMy pAMSLESiesasett Ful and
= vagetibet T

AREIMTHI ) PSS MY Total urine polyphenals, mean (80) was 135.26 {87.91) sxpressed as mg GAE/ g creatining with 4 total polyphencls intake
of 1110.00 (366.08) mg Gallic Ackd Equlvalentid. Tatal frult, mean (3D) Intike was 325,85 (144.02) gh and total vegetable.

means (50) was 26245 (B4.84) gid In this population. In Table 1 are shown the baseline characteristics of the study
el by quartile of total palyphencls excretion d 83 mg GAE! g creatinine, The tesult of the simple

Bl pLof
|

! ¥ 1%

JpL of urine and 5 L of sodium hydroxide {10 %)
18 min of reaction Inthe dark

232 uL of Milli-Q water , vortex during 1 min.
Measure absorbance af 500 nm

Equipe: Spoctrophotometers UVIVIS Thermo Multiskan Spectium

cotrelation analysis {Table 2) shows that the TP exereted in spot uine expressed a5 mg GAE g ereatining was posiively
correlated with fruit, vegetables, FEV and TP intake.

In llneas regression analyses (table 3) were observed a significantly positlvely association between the 1ot polyphenols
wxcreted In spol urine samples and daily nfake of 100 g (one serving) of F&V In unadjusted model In multivariate
regression, after djusting for potertinl confounding factors (model 2, 3 and 4} the essoclation remained positivaly
statistically significant,

CLUSIONS

1. Total palyphenals excrelion could be Used a5 DIGMATKars 1o evalliale The consumplion of 1o%al 11Ut and Vegetabie

|mmmmnwmmmum 28 mg gailc acld equivalent (GAEY g m-lnqﬂﬁn[ﬂqhmh_s

el 3 Wihfoal polyphenols measured by F-C assay In spet uine samples o be
of the Ingestion,

Staistcalanalysis 4 A FolinClocattes method to assess fotal polyphenals in spot human urine samples with Oasis® MAX 6wl

Analyses were performed using SPSS software version 14.0, Descriptive stat/stical tests
ware expressed as percentoge of means and 80, Because of the TR content In moming

extraction plates I8 fast, simple and allows the analysls of a large number of samples, 48 many a8 88 samples. The
methodology could potentinfly be used to defect a wide range of polyphencts In urine sumples, with the high
throughput of 96-well microtiter plates and reader

urine was not narmalty distributed it was 0 bongex

The Rho Spearman corelation model wes used fo examine the simple corelation
botween TP excreted In urlne samples and frult, vegotable, F&V and TP Intake, P-values

<005 (two-talled) were

L (Inest were to ‘assess the relation between TP
oxereted In urine as the dependent variable and FBV (serving of 100g] 25 exposure
varlable With adjustment far potential confoundsrs.

!u

Il International Symposium CIBERobn “La Toja" , Spain

6. SUPPORTED BY.

m Sealbert &, et al. (2000) J Nutr, 130:20735-855. [l CIBERobN #% una Iniciativa del ISCHL This work has boen

' supperted by CICYT's (AGL2005-002823) and "Red de
[ Marshall JR, (2003) J Nutr, 133 SUppI:E1STS. Grupo® GA3IH40, Minisires of Education and Sclence and
131 Spencerd? et ol (2008] JC. BrJ Nutr 85:12-22. Heatth (P1 D52443, PIO70240) and RETICS RDOG045I0003
{)  Estruch P, etal. (2006) Ann, Intern. Med, 145:1-11, ‘::' the "’""*'“"' "m-’*"" "-":‘ i “"‘m’“"f“
{6 SauriCallstoF, et ul (2008) Food Chemistry 844427, ! ! i

Education and Science Minfstry.
26-29 of November 2008
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Comunicacio 7: Poster
In Vino Analytica Scientia 2009, 2-4 July, Angers France

Total polyphenols excretion is associated with wine polyphenols in a
mediterranean diet: PREDIMED Study.

Alexander Medina-Remoén, Raul Zamora-R}os, Maria Rotchés-Ribalta, Cristina
Andrés-Lacueva, Ramon Estruch, Miguel-Angel Martinez-Gonzélez and Rosa
M. Lamuela-Raventos.
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Age, {y) mean (SDI

Weight (Kg), mean (SD)
Diastolic BP (mmHg). mean (SD)
Systolic BP (mm Hg), mean (SD)

Annexes

Urine mg GAEI g creatinine concentration quartile
02(89.1-119.5)  Q3{119.6160.2) Q4 (>160.3)

Q1(<89.0)

147
87043
26(10.7)
17.8(7.0)
5517(1758)
86.5(34.0)
132.0(49.6)
HB(316)
2437 (106.7)
3524 (214.8)
1211 (147.0)
633477)
3.92(16.4)
31(62)
1075.6(354.9)
3347.7(959.2)
3926.7(722.3)
2380.1(586.3)
T28(118)
86.0(5.7)
80.0(11.1)
88.9(10.2)
156,0(156)

148
473(137)
92(113)
178075
5604(173.3)
822(358)
1297 (3.7)
209(248)
235.8(916)
378.8(2165)
B1.5(137.9)
696(529)
325(114)
24(52)
1057.5(3202)
3088.0(9054)
38294 (7003
| 2238014720)
103.1(82)
88.3(6.1)
753(112)
82(98)
1522(18.3)

147
45.1(146)
95(122)
7.7(7.0)
ST77(1621)
887(369)
1343(485)
25.3(25.9)
228.7(98.3)
396.5(222.1)
101.1(161.5)
67.5(48,3)
4.16(12.6)
23(5.5)
10862(3229)
NB2N65)
3994.8(805.5)

22051 (5474).

1382(11.1)
68.0(58)
741(103)
855(11.8)
155.0(21.6)

7
450(187)
9)

4031 (215:1)
81.3(149.3)
745(56.0)
547(204)
184
12225 (4399)
7.2)
40287 637)
21385 (476.8)

2261 (69.8)
69.3(6.0)

0064100198
0056100198

85%Cl

3141to-0.345
-3.187t0-0219

-2134t0-0491
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Comunicacioé 8: Presentaci6 oral

5th Indo-Italian Workshop on Chemistry and Biology of Antioxidants,
Roma, July 2009

Total antioxidant capacity assay, Folin Ciocalteu, as biomarker of total
polyphenols intake

Medina-Remén A, Barrionuevo-Gonzalez A, Zamora-Ros R, Andres-Lacueva
C, Estruch R, Martinez-Gonzélez MA, Diez-Espino J and Lamuela-Raventos
RM.

5™ Indo-Italian Workshop on
Chemistry and Biology of Antioxidants

Organized by

Department of Physiology and

Pharmacology N C
“Vittorio Erspamer” by A SAP]ENZA
Sapienza University of Rome o0 UNIVERSITA DIROMA

Institute for .
Istituto di

Biomolecular “hi
Chemistry of E-l_'m“f{ S .
CNR jomolecolare

July 5-9, 2009

Location

Rooms A and C
Department of Chemistry
Sapienza University
P.le Aldo Moro 5, Rome
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TOTAL ANTIOXIDANT CAPACITY ASSAY, FOLIN CIOCALTET, AS
BIOMARKER OF TOTAL POLYPHENOLS INTAKE.

Alexander Medina-Remon™”, Ana Barrionuevo-Gonzalez'”, Raill Zamora-Ros™*, Cristina
- > - H 3 - - -
Andres-Lacueva™, Ramon Estruch®”, Miguel-Angel Martinez-Gonzdlez3,” Javier Diez-
- -
Espino’ and Rosa M. Lamuela-Raventos™’

! Nutrition and Food Science Department, XaRTA, INSA. Pharmacy School, University of Barcelona,
Av. Joan XXITII s/n Barcelona, Spain."’ Department of Internal Medicine, Hospital Clinic, Institut
@' Investigacio Biomédica August Pii Sunyer (IDIBAPS), University of Barcelona, Barcelona, Spain; *
CIBER 06/003 Fisiopatalogia de la Obesidad y Nutricién, (CIBEROBX), and RETICS RD06/0045/0003.
Instituto de Salud Carles III, Spain; 4 Ingenio-CONSOLIDER program, FUN-C-FOOD.Instituto de
Salud Carlos III, Barcelona, Spain; ‘Department of Preventive Medicine and Public Health, Clinica
Universitaria, University of Navarra, Pamplona; * Tafalla Health Center, Osasunbidea, Tafalla, Spain.
“Address correspandence to this author at: Nutrition and Food Science Department, XaRTA, INSA
Pharmacy School, University of Barcelona, Av. Joan XXIII s/n, 08028 Barcelona, Spain. e-mail
lamuelai@ub.edu

Nutritional markers have several advantages for epidemiologic and clinical assays, over
dietary data obtained by food frequency questionnaires. Few studies have assessed

whether total polyphenols (TP) compounds is a valid biomarker for TP intake Total dietary
polyphenol levels are approximately 1 g/ day (1). higher than all other known dietary
antioxidants. around 10 times higher than dietary vitamin C and 100 times higher than
vitamin E and carotenocid levels. The health effects of polyphenols depend on their respective
intakes, synergism and bioavailability, which can vary greatly(2). For most polyphenols,
urinary excretion values have reported to be consistent with plasma kinetics data. The Folin-
Ciocalteu (F-C) assay for total phenols (TP) is affected by several interfering substances such
as sulfur dioxide, ascorbic acid, sugar, aromatic amines, organic acid. Fe(II) and nonphenolic
organic substances that react with the F-C reagent (3). Roura et al in their research on cocoa
(4) studied these interferences after a single Solid Phase Extraction (SPE) cleanup procedure
and these substances were not in the eluate, so cannot react with F-C reagent. We report a an
antioxidant assay. Folin-Ciocalteu method. to determine TP in urine samples using Oasis®
MAX 96-well plate cartridges for solid phase extraction. These plates allows to analyze a
high number of samples at the same time. It was performed a prospective randomized
crossover trial and one cross-sectional study with 60 volunteers from the PREDIMED trial.
these attempts to evaluate if the TP in urine are correlated with polyphenol intake, to be
considered as a marker of intake of these compounds. The methodology could potentially be
used to detect a TP in urine samples, with the high throughput of 96-well microtiter plates and
reader. The method is fast, simple and allows the analysis of a large number of samples at the
same time.

Selected Publications

1) A Sealbert and G Williamson, Dietary intake and bioavalability of polyphenols, Nuer. 130 (2000) 20735-
2085s.

2) JFeher and G.Lengyel, [Nutnition and cardiovascular mortality], Orv.Henl. 147 (2006) 1491-1496,

3) VL. Singleton, B Orthofer, and R M Lamuela-Raventos, Analysis of total phenols and other oxidation
substrates and antioxidants by means of Folin-Ciocalten reagent, Oxidants and Antexadants, Pt A 299
(1999) 152-178.

4) E Roura, C Andres-Lacueva, R Estruch, and R M Lamuela-Raventos, Total polyphenol intake estimated
by a modified Folin-Ciocalteu assay of urnine, Clin. Chem 52 (2006) 749-752.

» Medina-Remén, A Bamonuevo-Gonzilez, Zamora-Ros R, C, Andres-Lacueva A R Estruch MA
Martinez-Gonzalez, JDiez-Espmo FEM.and Lamuela-Raventos Rapid Folin-Ciocalteu method using
microtiter 96-well plate cartridges for solid phase extraction to assess urninary total phenolic compounds,
as a biomarker of total polyphenols intake. Anal Chim Acta. 2009 Feb 16;634(1):54-60.
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Comunicacié 9: Poster

Educacié Médica versio ISSN 1575-1813 Educ . méd vol.12 supple.2 Barcelona
2009

Adaptacio dels credits de practiques de I'assignatura de Nutricio i Bromatologia
de Farmacia a 'EEES

Riu-Aumatell, M.; Alemany, M.; Esteve, M.; Fernandez, J.A.; Gallardo, J.;
Grasa, M.; lzquierdo, M.; Latorre, M.L.; LOpez Tamames, E.; Medina-Remon,
A.; Rafecas, M.; Remesar, X.; Rotchés-Ribalta, M.; Serra, A.; Tres, A.; Urpi-
Sarda, M.; Veciana, T.; Vichi, S.; Vidal M.C.; Zamora-Ros, R.
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B ADAPTACIO DELS CREDITS PRACTICS DE L'ASSIGNATURA DE NUTRICIO I
BROMATOLOGIA DE FARMACIA A L'EEES s=x8

Riu-Aumatell, M.; Alemany, M.; Esteve, M.; Fernandez, J.A.; Gallardo, J. a, M.; Tzquierdo, M.; Latorre, M.L.; Ldpez Tamames, E.; Medina-Remdn, A.;
Rafecas, M.; Remesar, X.: Rotchés-Ribalta, M.; Serra, A.: Tres, rpi-Sardd, M.; Veciana, T.; Vich Vidal M.C.: Zamora-Ros, R.
Dept. Nutricid i Bromatologia, Facultat de Farmdcia, Avda. Joan XXITI, s/n. 08028 Barcelona.

INTRODUCCIO

Nutricié | Bromatologia és una assignatura troncal de seqon cicle de l'ensenyament de Farmacia corresponent al tercer curs. Dels
8.5 credits de l'assignatura 6 sdn tedrics i 2.5 practics. Per fal de donar a les practiques de 'ensenyament un paper més significatiu
en l'aprenentatge de l'assignatura i adaptar-les a 'EEES es va proposar un canvi metodoldgic que significa fambé un canvi en els
eriteris d'avaluacis. Ens vam plantejar els segiients objectius:

¥ Aplicar noves eines d'ensenyament més d'acord a I'EEES
¥ Incrementar la versatilitat fent una organitzacié modular

¥ Reduir el cost econdmic

Per aix6 s'ha proposat i posat en practica un canvi en I'estructuracid i avaluacic de les practiques (Taula 1).
: 1-Andlisi reflexiu de l'etiquetatge nutricional
Curs 2008-09 2-Additius alimentaris i la informacid del consumidor
70% (obligatorietat de 3- Biodisponibilitat de minerals
Teoria 80% ArEUrE (G noka rinmd 4- Avaluacid de l'estat nutritiu individual
de 4 a I'examen) | 5- Avaluacid de la idoneitat de la dieta
i (90% nota de | cOTresponents cada una L'activitat 4 a una sala habilitada per realitzar mesures

Practiques l'examen test » 10%| ol 6% de la nota) antropométriques i la 5 a l'oula d'informatica.
aptitud) Per l'avaluacid, els alumnes han efectuat un lliurament, per
& cadascuna de les activitats, a través del campus virtual.

30% (5 activitats Les activitats 1, 2 i 3 s'han realitzat a un laboratori quimic.

RESULTATS

Amb el canvi, cada professor implicat en l'assignatura s'ocupa d'un o dos dels mdduls per tal d'afavorir 'especialitzacio del
professor. Aquest model permet també facilitar la incorporacic del professorat novell, ja que a mes del guid necessari per
l'alumne, s'ha creat paral-lelament un guid disponible per tot el professorat. Igualment aquests maduls poden utilitzar-se en altres
assignatures de diversos ensenyaments, on els continguts puguin ser similars.

La gestid de les practiques (grups, professorat, tutories, lliuraments, etc.) s'ha realitzat mitjangant el Campus Virtual (Plataforma
Moodle). Aixd suposa certs avantatges, com ara els sistemes de comunicacié alumne-alumne, professor-professor i alumne-
professor; la qualificacié automatica; el registre de dades; el control de les activitats realitzades; l'estalvi en el paper i
saturacions del correu electrinic personal amb l'enviament massiu de les activitats i la possibilitat de realitzar consultes i
estadistiques. La satisfaccid de l'alumne s'ha avaluat mit jangant una consulta voluntaria en el campus virtual (Figura 1a i 1b):

1.3% 0%

Mhan 56n Tant me fal Quin rotilo!
agradat correctes
molt

Figura 1: Histogrames representatius de les respostes dels alumnes a la consulta
sobre lo satisfaccid de les practiques (a) i lo practica que els ha agradat més (b).

La satisfaccid i implicacio per part dels professors i alumnes ha quedat reflectida en les qualificacions corresponents a la part de
practiques. Respecte l'any anterior en el curs actual, han disminuit notablement els suspensos i aprovats i per contra, ha
augmentat significativament el percentatge de notables (Figura 2).

Notes curs 07-08 Notes curs 08-09

b.15% i 2
32.99% . 1% 031%  10.49% B Suspens

[ 24.74% :
( ; Aprovat
— : # Notable

. &8 02‘}' - [l Excellent
37.11% =
Figura 2: Comparacic de les notes de practiques obtingudes els dos dltims cursos
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Comunicacion 10: Presentacio6 oral
ler Congrés tecnologic del tomaquet per a industria, Badajoz, Espafia 2009

Folin-Ciocalteau assay for total polyphenols analysis in tomato samples needs
a previous clean up procedure

Anna Vallverdd-Queralt!, Alexander Medina-Remén*?, ~Cristina Andrés-
Lacueval®and Rosa M. Lamuela-Raventos™?

'Nutrition and Food Science Department, XaRTA, INSA. Pharmacy School,
University of Barcelona, Av. Joan XXIIl s/n Barcelona, Spain. 2CIBER 06/003
Physiopathology of Obesity and Nutrition, (CIBEROBN), and RETICS
RD06/0045/0003. Instituto de Salud Carlos Ill, Spain. 3Ingenio-CONSOLIDER
program, FUN-C-FOOD. Instituto de Salud Carlos Ill, Spain

Tomatoes are one of the most widely consumed vegetables worldwide, not only
in fresh form, but also in a wide range of processed products. The Folin-
Ciocalteau(F-C) assay has been used for many years to determine the total
polyphenol (TPs) content in tomatoes(1,2). However, it is affected by several
interfering substances(3). The aim of this study was to improve the
determination of TPs in tomato samples using solid phase extraction(SPE) with
Oasis® MAX 96-well plate in order to eliminate these substances before the F-C
assay.

The F-C assay was optimised, to eliminate interferences by reducing
substances, and validated. The sensitivity, linearity, precision and accuracy
were evaluated by spiking the tomato matrix with known levels of gallic acid
standard at six different concentrations. The stability after successive freeze
and thaw cycles, and short- and long-term temperature stability were also
evaluated. We used high-performance liquid chromatography to calculate the
recovery of nine representative polyphenols with different polarity, after spiking
the tomato samples with four different concentrations of each standard. Seven
tomato samples were analysed and TPs were expressed as mg of gallic acid
equivalents (GAE)/100g dry material (DM).

The results of the F-C assay were linear over the working range 1 to 75 mgL™".
Assay precision and accuracy were between the accepted values according to
AOAC INTERNATINOAL(4). The samples and standards were stable under the
storage and sample handling condition used and after successive freeze and
thaw cycles. The recoveries for nine polyphenol standards after SPE were
between 79.12% and 108.75%. The concentrations of TPs for tomato samples
after SPE were between 149.99 and 247.12 mg of GAE/100g DM.

We have optimized and validated a method for analysis of TPs in tomato
samples, eliminating the interferences with the F-C assay using 96-well plate
cartridges to carry out SPE. This methodology is fast and simple, and it allows
the analysis of a large number of samples at the same time.

(1) Gautier H. et al. J.Agric. Food Chem. 2008;56(4):1241-50.

(2) Hussein L. et al. Int.J. Food Sci. Nutr 2008 Jul 4;1-10.

(3) Medina-Remodn A et al. Analytica Chimica Acta 2009 Feb 16;634(1):54-
60.

(4) Horwitz W. Official Method of Analysis of AOAC INTERNATIONAL
(Appendix D and E). 17 th Ed. Revision 2, Vol. 2 ed. 2003.
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Comunicaci6 11: Poster
ler Congrés tecnologic del tomaquet per a industria, Badajoz, Espafia 2009

The extraction of the solid phase of tomato samples before the Folin-Ciocalteu
method to reduce interferences.

Anna Vallverdd-Queralt, Vaila Mallace, Alexander Medina-Remadn, Cristina
Andrés-Lacueva and Rosa M. Lamuela-Raventos
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Folin-Ciocalteau assay for total polyphenols analysis in tomato
@ samples needs a previous clean up procedure

Anna Vallverdi-Queralt!, Alexander Medina-Remon'?, Cristina Andrés-Lacueva'? and Rosa M. Lamuela-Raventos'*

"Nutrition and Food Science Department, XaRTA, INSA. Phammacy School, University of Barcelona, Av. Joan XXIIf sin Barcelona, Spain.! CIBER 06/003 Physiopathology of Obesity and Nutrition, (CIBEROBN), and RETICS RD06/00459003, Instituto de Salud

Carlos lil, Spain. ‘Ingenio-CONSOLIDER program, FUN-C-FOOD. Instituio de i, Spain Food Science University of Barcelona. Tefephone +34-934034843. Fax +34-93-4035931; e-mail
1. Introduction 3. Results
Tomatoes are one of the most widely consumed vegetables worldwide, Linearity:
not only in fresh form, but also in a wide range of processed products. Foods rich 0.25-1omg/L ‘0.1 X-0003
in polyphenals such as tomatoes may have an important effect in preventing o
Sensitivity:
diseases, specifically they have been related with a lower risk of cancer and LO'B- : 006 mglL
cardiovascular diseases. The Folin-Ciocalteau (F-C) assay has been used for LOG: 0.019 mglL
many years to determine the total polyphencl (TPs) content in tomatoes.
However, TPs content is sometimes overestimated for some reducing substances The intra and inter-day precision and accuracy are between the accepted values for the AOAC
such as ascorbic acid, sugars and aminoacids which interfere in the assay. International (Table 1).
Alm: The aim of this study was to eliminate non-phenclics interfering Table I Intra- ond inter-day accuracy and precision of the assay I
substances before the F-C assay using solid phase extraction (SPE) in order to
improve the determination of TPs in tomato samples. This is the first study that Culmgr ey re Precision, R.S.D. Racamryarror
has assessed TPs content in tomate samples ofter SPE, allowing the analysis of a “’"'(‘ M"’“ concentration (mg /L) (%) )
large number of samples at the same time, using Oasis” MAX 96-well so as to il
eliminate these interfering substances. Intra-day Inter-day Intra-day  Inter-day Intra-day Inter-day Intra-day  Inter-day
112 1.07 101 0.8 0.10 012 90.57 91,87
224 214 224 206 010 o 100.08 9625
2. Method 448 427 43 425 009 008 977 960
Sample pre o0 6873 641 6.69 6.40 0.08 010 99.38 99.87
% 3 Vot ; 897 855 893 821 0.06 0.08 99.58 96.00
] 0 samples
+5mL. EXOHH,0 (6020) ‘ 12 10.68 1162 103 0.05 007 103.67 103.21
13.40 1381 13.89 1451 0.04 0.05 103.66 105.10
; RSD: relative standard deviation
Agittion: ‘
Voﬁfe)_(ﬁ min Stability
‘ supemnatant + 5 mL
: EtOH:H.0 (8020) | Table 2: Freeze-thaw cycle. short and long - term stability |
Centrifugation: ‘
4000 rpm, 20 min, 42C
el Temperature (TP 0% Gt term ity Long-tem stailty
Eumrati.m:umilltml. ‘ -20°C 04.5-106.2 % 90,1-104.0 % 95%
under nitrogen flow
-80"C 91.7-1065 % 85.2-1026 % 95%
Sample cleaning-up: Oasis MAX? 96 well plate
= 18 Condition: 1 mL of methanol 98-100%. Absolute recoveries
=24 Condition: ImL of sodium acetate 50mM
pH7. | Table 3. Absolute recoveries of the nine polyphenols
- Load: ImL samples + imL Milli-O water +
34yL HO. Polyphenol Mean recoveries % Standard deviation (5.0.)
- Cleaning: 1 mL sodium acetate somM pH 7/ Gallle acid 9247 445
5% methanol Maringenin 98.20 339
- Elution: 1.8mL methanol at 2% formic acid. Caffeic acid 96.74 1072
Rutin 87.32 481
Analysis of total polyphenols in tomatoes, in thermo microtiter 96 well plate. Quercetin 77.52 543
=20 L of each methanolic fraction eluted after  Galmaiic "_c‘d i sk %6
SPE. Protocatechuic acid 108.75 315
- [-Hidroxibenzoic acid 99.53 200
188 L of Mili-O water. ¢ acid 10111 517
-12}L of F-C reagent.
=30 L of sodiium carbonate (200 g/L). The concentrations of TPs for tomato samples vary between 260.80 and 472.23 mg of GAE/100

g DM when SPE was not used and between 113,32 and 174.85 mg of GAE/100g DM after the
SPE. So this means that the results have been overestimated until now.

Incubation 60 min. in the darkroom.
After the reaction period: 50 L of Milli-Q
Measure absorbance ot 765 nm ot the

Spectrophotometers UV/VIS Thermo Multiskan 4 CUnC|U5i0n5
Spectrum. :
= It is the first time that SPE has been used to eliminate interfering nonphenolics reductants
Validation : before the F-C assay.
~Linearity: -The method described may be useful as a routine control assay for total polyphenols
0.25-10 mg/L (gallic acid) determination in food, especially food such as fruit and vegetables that are rich in non phenolic
-Sensitivity: : reductant substances that react with FC reagent and interfere in the analysis.
LoD=2*SD -Samples require minimal sample preparation before TPs analysis. It is ideal to analyse large
LoQ=10'SD batches of samples, as the Oasis” MAX 96-well plate accommodates much larger sample
10 blanks ot 765 nm) volimes.
-Accuracy: % recoveries
-Preciion:RSD=SD/X00 - 0:25-10 mglL 5. References 6. Supported by
-Stabil
-Shonr!: Srat (1YCapanoglu E. et al.. | Agric Food Chem 2008, 56(3),964-73. The authors express their gratiude to CONESA for
i (2)Long M. et al. Phytochemistry 2006, 67(16), 1750-7. the samples and to CICYTY (AGL2006-14228-Co3-
-Long:tem ~202C and -80 2C (3)HuseinL et al. It ] Food Sci Nutr. 2008.4, 110, S Lo cnmmlosnlh dals
~After successive freeze-thaw cycles (Mati-Bmén .t o Avacn Chrk A, 200, 6341 5+ e e ]
o " " i i i idroxil i i PI070240 from lnstiuto de Salud Carlos (I Spain
Recoveries of.qulbc, caffeic, p coumaric, protocatechuic, p-hidroxibenzoic S W, Offical Method of Andbsh of AOAC INTERNATIONAL for flnumhl’;::pod. el Sna
and chlorogenic acids, naringenin, rutin and quercetin, at 5, 10, 25 and 50 (Appendix D and E). 7 th Ed. Revision 2. Vol, 2ed. 2003, The CIBERobn CBO6/03 & an initiutive from the
mg/L. (6) Singkton VL. Orthofer R and Lamuela-Raventos RM (1999) InstRuto de Salud Curlos IIL Spain. This work has
Methods Enzymol. been funded in part by the CONSOLIDER INGENIO
-Seven samples were analysed and results were expressed as mg of gallic (7) Roura E. ndres-Lacueva C, Estruch R, and Lamuela-Raventos RM 2010 Programme, FUN-C-FOOD C502007-063 and
acid equivalents/ioog dry material. (2006) Clin, Chem 52:749-752. abo from MICINM. A V-Q received support from

" . i = MICINN and A. M-R from the Ceneralitut of
I International conference about industrial tomato, Extremadura Espafict ¢y iouio for riningof rscarchen.
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Comunicaci6 12: Poster
[l Symposium Ciber Fisiopatologia de la Obesidad y Nutricion (CIBERobn), llla
de la Toja Novembre 2009, Espanya.

High polyphenol consumption related to their excretion reduces blood pressure
in high cardiovascular risk subjects.

Alexander Medina-Remoén; Raul Zamora-Ros; Maria Rotchés-Ribalta; Cristina
Andres-Lacueva; Ramoén Estruch; Miguel Angel Martinez-Gonzalez; Maria
Isabel Covas; Jordi Salas-Salvad6 and Rosa Ma. Lamuela-Raventos.
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UNIVERSITAT DE BARCELONA

1.INTRODUCTION | 3b, Results

“Total polyplienol mtake (100ng) Mlodel | 000l 004110 0 106
Moddel 2 0001 0077ta 0154
Fruit and Vegetables (100g) Model | 5 3 w0 0064100199
Model 2 2 a0l 0056100198
Wine (100 L) Model | - 0029 017101009
Maodel 2 0019 0020100222
Coffee (100 mL) Model | 0030 0102510 0497
Muddel 2 0.011] 018110 0647

| 2. Subjects and Methods

Q108899 Q811946 Q3 (L9410, 04 (-160.23)
M7 8 eh 47

66087y 683(61) G80(58) 69.3(6.0)

ST 830561 B3 (578} 107(728)

Ovenveight or obese (BMI=25 Kgm2), n (%) 1381939 13719260 118871) 135(31.8)
Systolic BP tnun He). mean (3D} 156.0(15.6) 15220183 155.0021.6) H49.10160)
1), ncan (SD) 88.9(10.1) 86.2(98) 855(118) 814085
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Hypertension is a major global public health problem. A healthy diet and lifestyle
modifications are the first steps in the management of hypertension (1).
Epidemiologic data has shown an inverse association between the risk of
overall mortality or cardiovascular disease, and the consumption of polyphenol-
rich food (2). Our aim was to assess the relationship between total polyphenol
excretion (TPE) in urine, as a correlate of total polyphenol intake, and blood
pressure (BP) or with the prevalence of hypertension in an elderly population at
high cardiovascular risk.

A cross-sectional substudy with baseline data from the PREDIMED trial (3) was
designed. Participants were 263 men and 326 women, aged 55-80, with a high
risk of coronary heart disease. The anthropometric data and blood pressure
were measured. The volunteers were divided into quartiles according to their
TPE, it was measured in spot urine samples by the Folin-Ciocalteu assay (4).

A significant positive association between TPE in urine and daily intake of fruit
and vegetables (F&V), coffee or wine was observed after adjusting for potential
confounders. The intake of 100g of F&V (Beta=0.150; P<0.001) contributed
higher to TPE than 100mL of coffee (Beta=0.141; P=0.001), and the latter two
foods greater than the consumption of 100mL of wine (Beta=0.120;P=0.019).
An inverse association between urinary TPE and the prevalence of
hypertension was observed; participants in the highest quartile of urinary TPE
had a reduced prevalence of hypertension compared to those in the lowest
quartile (ORs=0.64; 95% CI 0.45 to 0.92; P=0.016). Systolic and diastolic BP
were inversely associated with urinary TPE after adjustment for potential
confounders (P=0.025; P=0.002, respectively).
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Polyphenol intake, assessed via TPE in urine, was negatively associated with
BP levels and prevalence of hypertension in an elderly Mediterranean
population at high cardiovascular risk. A dietary intervention directed to increase
polyphenol-rich food intake may be useful in the prevention and treatment of
hypertension.

(1)Mancia G et al. J.Hypertens 2007,25(6):1105-87.
(2)Manach C et al. Curr.Opin.Lipidol 2005,16(1):77-84.
(3)Estruch R et al. Ann.Intern.Med. 2006,145(1):1-11.
(4)Medina-Remon A et al. Anal.Chim. Acta 2009,634(1):54-60.

241



Annexes

Comunicacio6 14: Poster

“The 4th International Conference on Polyphenols and Health” Harrogate
International Centre, Yorkshire, England, 2009.

“Green mouthfeel wines have different phenolic profile”

Alexander Medina-Remén, Anna Tresserra-Rimbau, Cristina Andres-Lacueva,
NuriaTobella, Mireia Torre and Rosa M. Lamuela-Raventos

242



Annexes

g ... Green mouthfeel wines have different phenolic profile
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1 IN RODUC ON mCF-green m CF-soft  ®mCS-green mCSsoft  ~ CA-green mCA-soft

In some climate conditions, minor compounds from grapes, secondary
metabolites, do not evolve at the same rate than the major compound of
grapes sugars and acids, they are still immature or green at grape
maturity. Wines made from these green have an adequate alcohol
concentration and acidity but the minor compounds give to the wine green

nsory prop h ized by excess of acididity and astringency
compared to soft wines that have a light and finely textured astringency

(1).

Tyrosal (ppus) Catechin pprs Epicatechum ppon)

252 The aim of this work was to determine diff bety green
and soft wines across to specific parameters of the wine and characterize
some indicat F ible of this green ithfeel properties.
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Co-pigmentation grade at 520 nm

4 CONCLUSIONS

The color intensity of the green “green” wines are higher than “soft” wines from
the corresponding grapevines.

Differences in total phenolics contents were observed among the “green” and the
soft wines.

Intensity Shade

“Green" wines have higher grade of co-pigmentation than soft wines. Moreover
the polymerized anthocyanins at 520 nm may be a good parameter to differentiate
green and soft mouthfeel wines, however more analysis with different are need
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An improved method to determine total polyphenols in tomato
samples eliminating interferences with Folin-Ciocalteau assay.
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1. Introduction

Tomatoes are one of the most widely consumed vegetables worldwide, not
only in fresh form, but also in a wide range of processed products. Foods rich
in polyphenols such as tomatoes may have an important effect in preventing
diseases, they have specifically been related with a lower risk of cancer and
cardiovascular diseases. The Folin-Ciocalteau (F-C) assay has been used for
many years to determine the total polyphenol (TP) content in tomatoes.
However, TP content is sometimes owverestimated for some reducing
substances such as ascorbic acid, sugars and aminoacids which interfere in
the assay.

Aim: The aim of this study wes to eliminate non-phenclic interfering
substances before the F-C assay wing solid phase extraction (SPE) in order to
improve the determination of TP in tomato samples. This is the first study
that has assessed TP content in tomato samples after SPE, allowing the
analysis of a large number of samples at the same time, using Ocsis™ MAX
96-well so as to eliminate these interfering substances.

2. Method

Sample preparation

0.5 g tomato samples
+5mL EtOH:H.0 (8020)

¥

Agitation:
Vortex5 min

' supernatant + 5 mL
EtOH:H.0 (8020)
Centrifugation:

4000 rpm, 20 min, 4 2C

4

Evaporation: until 4 mL
under nitrogenflow

Sample cleaning-up: Oasis MAXR 96 well
plate

- 12 Condition: 1 mL of methanol 98-100%.
- 22 Condition: 1mL of sodium acetate 50
mMpH7.

- Load: 1 mL samples + 1 mL Milli-Q weter +
34)L HCl.

= Cleaning: 1 mL sodium acetate 50 mM pH
7/ 5% methanol

- Elution: 1.8mL methanol at 2 % formic
acid.

Analysis of total polyphenols in tomatoes, in thermo microtiter 96 well plate.
- 20 pL of each methandlic fraction eluted
after SPE.

-188 L of Milli-Q water.

-12 L of F-C reagent.

-30 L of sodium carbonate (200 g/L).
Incubation 60 min. in the darkroom.

After the reaction period: 50 L of Milli-Q
Measure absorbance ot 765 nm ot the
Spectrophotometers UV/VIS Thermo Muiltiskan
Spectrum.

Validation :
-Linearity:
0.25-10 ma/L (gallic acid)
-Sensitivity:
LoD=3*SD
LoQ=10*SD
(10 blanks at 765 nm) -
-Accuracy : % recoveries
-Precision: RSD=5D/X*100 - 0.25-10 mg/L
-Stability

-Short-term
-Long-term -202C and -80 ¢C
-After successive freeze-thaw cycles
-Recoveries of gallic, coffeic, p-coumaric, protocatechuic, p-

hidroxibenzeic and chlorogenic acids, naringenin, rutin and quercetin, at
5,10, 25 and 50 mg/L.

-Seven samples were analysed and results were expressed as mg of gallic
acid equivalents/100g dry meterial.

3. Results

Linearity:
0.25-10 mg/L ) v = 0.1 -0.003

Sensitivity:
LOD: 0.006 mg/L
LOQ: 0.019 mg/L

The intra and inter-day
International (Table 1).

recision and accuracy are between the accepted values for AOAC

Table I Intra- and inter-day accuracy and precision of the assay

Cdibmto_r Means measured Precision, R.5.D. Recovery, error
concentration . §
(mg/L) concentration (mg /L) (%) (%)
Intrai- Inter-  Intra-day Inter-day Intra-day  Inter- Intra-  Inter-day
day day day day
1.12 1.07 1.01 0.98 0.10 0.12 90.57 91.97
224 214 2.24 2.06 0.10 0.1 100.08 96.26
4.48 4.27 4.38 4.25 0.09 0.09 97.77 99.60
6.73 6.41 6.69 6.40 0.09 0.10 99.38 99.87
8.97 8.55 8.93 8.21 0.06 0.08 99.58 96.00
n.21 10.69 11.62 11.03 0.05 0.07 103.67 103.21
13.40 13.81 13.89 14.51 0.04 0.05 103.66 105.10

RSD:relctive standard deviation

Stability

Table 2: Freeze-thaw cycle, short and long - term stability

Temperature Freeze-thgw cycles Short-term stability Long-term stability
stability
-20°C 94.9-106.2 % 90.1-104.0 % 95 %
-80°C 91.7-106.5 % 85.2-102.6 % 95 %

Absolute recoveries

Table 3. Absolute recoveries of the nine polyphenols

Polyphenols Mean recoveries % Standard deviction (5.0.)
Gallic acid 92.47 4.45
Naringenin 98.20 3.39
Caffeic acid 96.74 10.72
Rutin 87.32 4.81
Quercetin 77.52 5.43
p-Coumaric acid 96.14 3.36
Protocatechuic acid 108.75 3.15
p-Hidroxibenzoic acid 99.63 2.00
Chlorogenic acid 101.11 5.17

The concentrations of TPs for tomato samples vary between 260.80 and 47223 mg of
GAE/100 g DM when SPE was not used and between 113.32 and 174.85 mg of CAE/100g DM
after the SPE. So this means that the results have been overestimated until now.

4. Conclusions

= It is the first time that SPE has been used to eliminate interfering non-phenolic reductents

before the F-C assay.

-The method described may be useful s a routine control assay for total polyphenol
determination in food, especially food such as fruit and vegetables that are rich in non
phenolic reductant substances that react with FC reagent and interfere in the analysis.

-Samples require minimal sample preparation before TP analysis. It is ideal to analyse large
batches of samples, as the Oasis™® MAX 96-well plate accommodates much larger sample

volumes.
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ADMINISTRATION OF ALMOND (PRUNUS DULCIS (MILL.)
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INTRODUCTION

Nut skins are considered a rich source of pulyphenas and may be partially responsible for the numerous hea ffects associated witl consumption. However,
more bioavailability studies of nut skin polyphe needed i in nrd:r to understand the health effects derivi 1 nut consumptiol ’

The aim of the present study was to dete , in a pilot file of both phase II and microbial= i olites in pla:
samples before and after the intake of almond skin polyphe ‘human subjects (n=2).

MATERIAL AND METHODS
ample analysis

nd urine

St

“2Ho Oh !

2 volunteers

Conjugated metabolites
0to 24h

| : ase extraction with Oasis HLE
" late following published
methodalagy (1)

Hydrolysis by Solid-phase extraction
B 5 f-glucuronidase 96-well plate following
25h 4 fsulraE methodolagy (2)
R ES ULTS

able 1. Concentration of individual phenalic g tab
B Cncuiated almond skin exiract ;:b;;?anioxﬁn;?::1 of conjugated ph et oﬂw&mcted in nen-hydrolyzed human plasmi urine

Mean®  SD Plasma ¢ Ul
Metabolite MRM  Compeund Before After Before
13486 + 20,77 transition Mean SO Mean sb 8 Mean  sD
3728244116 L]

9004134 465289 1 e nd 0.55 0,78 6954329
Flavonolds onide 22 6529 2 nl nd 2.25 £0.05 630 + 089
Kaenpferal 3-O-galactoside 224413 catechin- flm\de =3 465289 3 nd 19.51 £ 399 308 £0.47 2354391
Kaompforok3-C4utinasids 29551 4 73,50 Gmethy| catechi-Golucuronide #1 479303 1 i B.5H4 +347 193 +0.70 25.30 +9.74
Kaempferol 3 O-ghicoside - ¢ vl \.mllwm\r\mkh A79-303 5 nd 794 398 2.8 +0.62 46.92+7.28
Isorhamnetin-3-O-galactoside . cotechin sulfate 360289 6 nd 5.5 533 +1.77 G720 + 34464
Isothamnetin-3-Grutinoside b catechin sulfate =3 k 7 nd 1471 £9.02 1062 +5.79 20040 + 28.55
Isothamnetin-3-C-alcoskde crmethy| catechin sulfate =1 8 nd 182 +1717 824 +4 586,31 + 90,34
Kaemperol 20 G-methy| catechin sulfate =2 a nd 1783¢ 704 £183 53734 13270
Gmethy| catechin sulfate 53 2 nd 290 £0.57 87.52+10.37
Nydlomhnnhuhnlaotmn
et nd 1803 £395
nd 35.28 +17.30
368.23 + 224.37 S 396968 + 283.23
5014481 36261 £97.5
© BIB 168
ol 57.26 + 50.50 1495.68 £ 828.12
i dimer B3+B1 26045 44169 “ vative #2. 4 1436 715 704.80 + 266.53

idin dimes B2 35531 £ 718

i ! b
Procy. dimer BT 11263 4 M 3 3 ::; > 1 :I'; }22; * 2;1
Unknavn A-type procyanidin dimer 3 e R
Unknown A-type procyanidin dimes J01-315 240+146 6714055
Unkinown A-type procyanidin dimes " 3

Unknown B-type propelrgonidin dimes 11791 + 15,76 o i y. b ‘ S
Unknavn A-type propelgonidin dimer 504 404 : - L

Procyankdin tiimes C1 17307 41097

Table 3. Concentration of rmcruha\daﬂved phenglic metabolites detected in hydra human plasti”\'a and
urine before and after the consumption of the almond skin extract,

k . 289/245 207/163 + |
S — m— . . - / . 7 /151
Metabolite After i e N | I
Hydioxyphenylvaleral S 2 1L.am 4 | - il E
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153100 455305 £79278 422213 + 26567 2 L 0451.31 + 194397
Vanillic acid 1675152 282135 £4768.51 306702427306 2830 + 11177 1676 85 = 1183.74
Hydroxyhippuric acids
AHydoxyhippuric ackd 1045100 14.5 =147 1 1146 4041 1547548 = 1339370 17909.39 + 1273387

CONCLUSIONS

In conclusion, to our knowledge this study constilites the most complete report of the bioavailability of almend skin polyphenals in humans, including both phase If and microbial
metabolism. Almond skin polyphenols were ahsorb ase-II metabolites, mainly including: glicuronide, O-methyl glucuronide, sulfate and O-methyl sulfate derivatives of
(epi)catechin which arise from the metabolism o 3 awas glucuronide and Sulfate derivatives of isorhamnetin al curonide derivatives of naringenin, Of
particular importance was the detection of mi flavanols: 5-(dihydroxyphenyl)-y-valerolactone and 5-(hydroxy oxy-phenyl)-y-valerolactone in their
glucuronide and sulfate forms, which conﬁrmed the absorptlon Gf b onomeric and poly “flavanols from almond and subsequent conjugation in the liver. Numerous
metabolites derived from the further microbial degradation of hydroxyval tones were also del e urinary excre ese metabolites accounted for a larger
the total polyphenol ingested than phase 11 metabolites of monomeric fl ols, indicating the important role of intestinal the bolism of highly poly

polyphenols. [ Y
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Figure 1. MRM trace chromatograms of (eni)catelc]:u , hydroxyvalerolactones, naringenin and
isorhamentin metabolites described in Table 2.
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Metodos: Analisis longitudinal de 12.552 graduados uni-
versitarios de la una cohorte prospectiva y dinamica
SUN (Seguimiento Universidad de Navarra) (edad
media: 38 afios, 42% varones). La ingesta de huevos
se evalu6 con un cuestionario semi-cuantitativo de fre-
cuencia de consumo de alimentos previamente valida-
do en Espafia. La frecuencia de consumo de huevos se
categorizé en categorias (desde el consumo de menos
de 1 huevo/semana hasta el consumo de 4 0 mas hue-
vos/semana). Se usaron modelos de regresion de Cox
estimando hazard ratios (riesgos relativos [RR]) para
ajustar por posibles factores de confusion.

Resultados: Se observaron 103 casos de ECV incidente
durante el seguimiento. La frecuencia de consumo de
huevos no se asocid con un mayor riesgo de ECV en
ningin modelo. Después de ajustar por edad, sexo,
ingesta energética total, tabaco, patrén dietético, activi-
dad fisica e indice de masa corporal, un mayor consumo
de huevos (> 4 raciones/semana) no se asocid con la
incidencia de eventos cardiovasculares durante el segui-
miento (HR cuartil 4 vs cuartil 1: 0,97; [IC 95%: 0,44-
2,11]) (p de interaccion con el sexo = 0,591). Al catego-
rizar el consumo de huevos en quintiles como analisis
de sensibilidad, tampoco se observd ninguna asociacion
entre la ingesta de huevos y la incidencia de ECV.

Conclusiones: Una mayor frecuencia de consumo de
huevos no se relaciona con un mayor riesgo cardiovas-
cular en una cohorte mediterranea de graduados uni-
versitarios.

Financiacion: Instituto de Salud Carlos Il (RD 06/0045
P1030678, Pl042241, PIO50514, PI050976, P1070240,
P1081943) y Dpto. de Salud, Gobierno de Mavamra
(P141-2005, P136/2008).

;<78 Modificaciones en las concentraciones
de lipidos en VLDL tras el consumo de dieta
mediterranea. El estudio PREDIMED

Sanchez Perona Jf, Covas M3F, Fitd MF, Cabello Moruno RY,
Aros P, Corella D¢, Ros E5, Estruch R°, Martinez Gonzalez MA®,
Ruiz-Gutiérrez

"Instituto de La Grasa (CSIC). #Institut Municipal d Investigacié
Médica (IMIM). *Hospital Txagorritxu. Universidad de Valencia.
sInstitut d'Investigacions Biomeédiques August Pi Sufier. *Uni-
versidad de Navarra.

Introduccion: Los niveles de TG séricos son un factor de
riesgo coronario independiente, que estan fuertemente
determinados por la composicion de las VLDL. Los pri-
meros resultados del estudio PREDIMED mostraron que
la dieta mediterranea (DM), suplementada con aceite de
oliva virgen (AOV) o frutos secos (FS), reducia las con-
centraciones séricas de colesterol y triglicéridos (TG),
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mientras que incrementaba el colesterol asociado a
HDL, en comparacién con una dieta baja en grasa.

Objetivo: Evaluar la composicién trigliceridica de VLDL
en participantes del estudio PREDIMED, tras la ingesta
de DM suplementada con AQOV o frutos secos para eva-
luar su influencia sobre las concentraciones de TG tota-
les en suero.

Metodos: Se reclutaron 50 sujetos con un levado riesgo
cardiovascular segin los criterios del estudio PREDI-
MED. Los voluntarios fueron distribuidos en 3 grupos a
los que se administraron una MD suplementada con
AQOV (DM+AOV) o frutos secos (DM+FS) o una dieta
baja en grasa (DBG) durante 3 meses. A partir de
muestras de sangre se aislaron las VLDL, que se ana-
lizaron mediante técnicas cromatogréficas para deter-
minar su composicion lipidica y trigliceridica.

Resultados: Solamente la DM+AQOV fue capaz de redu-
cir las concentraciones de TG y colesterol en VLDL, asi
como el ratio TG/apolipoproteina B, que se emplea
como indicador del tamafio de dichas particulas.
Aungue la composicién en acidos grasos de las VLDL
se modificd ligeramente, se encontraron importantes
diferencias en las especies moleculares de TG, encon-
trando una mayor presencia de TG ricos en acido lino-
leico (18:2, n-6) en el grupo que recibié DM+FS y de
acido oleico (18:1, n-9) en el que recibidé DM+AOV.

Conclusion: La reduccidn en las concentraciones sisté-
micas de TG observada tras el consumo de DM puede
ser explicada por una reduccién en el contenido lipidico
de las VLDL y una modificacién selectiva de la compo-
sicion en especies moleculares de TG en la particula.

El alto consumo de polifenoles
relacionado con su excrecion reduce la
presion arterial en sujetos de alto riesgo
cardiovascular

Medina Remon A'2, Zamora Ros R'*, Rotchés-Ribalta M2,
Andres-Lacueva G5, Estruch RBP4, Martinez Gonzdlez MA=#,
Covas M2F#, Salas Salvadd J27, Lamuela Raventas RMF=
‘Departamento de Mutricién y Bromatologia. XaRTA. INSA
Facultad Farmacia. Universidad de Barcelona. *CIBER 06/003
Fisiopatologia de la Obesidad y Nutricion CIBEROBN), y
RETICS RDOG/0045/0003. Institute de Salud Carlos NI
de Madrid. sPrograma Ingenio CONSOLIDER. FUN-C-FOOD
(CSD2007-063) de Barcelona. *Departamento de Medicina
Interna Hospital Clinico. IDIBAPS Universidad de Barcelona.
sDepartamento de Medicina Preventiva y Salud Publica
Escuela de Medicina. Glinica de la Universidad de Navarra.
Pamplona. *Unidad Cardiovascular de Epidemiologia Instituto
Municipal de Investigacion Meédica (IMIM) de Barcelona. "Uni-
dad de Nutricion Humana Facultad de Medicina. ISPV Univer-
sidad de Rovirai Virgili. Reus. Tarragona.
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Una dieta saludable y modificaciones en el estilo de
vida son los primeros pasos en la prevencion de la
hipertensién, un importante problema mundial a nivel
de salud publica.

Objetivo: Evaluar el efecto del consumo de los polifeno-
les en la hipertensidn arterial en una poblacién adulta
con alto riesgo cardiovascular.

Metodos: Como parametro para determinar la ingesta
de polifenoles totales se ha utilizado la excrecion de
polifenoles totales (EPT), biomarcador de la ingesta de
polifencles. Se ha llevado a cabo un sub-estudio trans-
versal con datos de referencia del estudio PREDIMED
(www.predimed.org). A los participantes, 263 hombres y
326 mujeres con edades entre 55-80, se les tomaron
los datos antropométricos, la presion arterial, y un cues-
tionario de frecuencia de consumo. Los EPT se deter-
minaron utilizando el método de Folin-Ciocalteu, adap-
tado por nuestro grupo de investigacién a muestras bio-
lbgica y los resultados fueron divididos en cuartiles
segun el indice de EPT.

Resultados: Se observa una correlacion positiva esta-
disticamente significativa entre la EPT vy la ingesta
total de café, vino y frutas-verduras (F&V). La ingesta
de una porcion de 100 g de F&V (Beta = 0,150; P <
0,001) contribuyé mas a la EPT que una de 100 mLde
café (Beta = 0,141; P = 0,001) y que una porcién de
100 mL de vino (Beta = 0,120; P = 0,019). El analisis
de regresion logistica mostré una asociacidn inversa
entre EPT (por cuartiles) vy la prevalencia de hiperten-
sion; participantes del cuartil mas alto de EPT urinaria
tuvieron una reduccién de la prevalencia de hiperten-
sién en comparacion con el cuartil mas bajo (OR =
0,64; P =0,016). En el andlisis de regresion lineal mul-
tiple la PA sistolica (Beta = 1,731; P = 0,024) y diasto-
lica (iBeta = 1,264; P = 0,003) se asociaron inversa-
mente con la EPT urinaria después de ajustar por
posibles factores de confusién.

Conclusion: La ingesta de polifenoles, evaluados a tra-
vés de EPT en la orina, se asocié negativamente con
los niveles de PA y la prevalencia de la hipertensién en
una poblacién mediterranea de edad avanzada con alto
riesgo cardiovascular. Una intervencion dietética dirigi-
das a incrementar la ingesta de alimentos ricos en poli-
fenoles, podria ser eficiente en la prevencion y el trata-
miento de |a hipertension

s < B Asociacion transversal de laingesta
de frutos secos y la adiposidad enuna
poblacion mediterranea

Casas-Agustench P', Bulld M, Ros E*, Basora JF,
Salas-Salvadd J*
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"Unidad de Nutricién Humana. Hospital Universitario Sant Joan
de Reus. *Unidad de Lipidos. Servicio de Endocrinologia y
Nutricién Institut d'Investigacions Biomédigues August Pi Sun-
yer (IDIBAPS). Hospital Clinic de Barcelona. CIBER Fisiopato-
logia de la Obesidad y Mutricion (CIBEROBN). Instituto de
Salud Carlos Ill. *Direccié d'Atencié Primaria. Institut Catala de
la Salut de Reus. Tarragona.

Introduccion: En diversos estudios prospectivos la
ingesta de frutos secos (FS) se ha relacionado inver-
samente con el indice de masa corporal (IMC).

Objetivo; Examinar los determinantes dietéticos de la
adiposidad en sujetos ancianos gue viven en
una regién mediterranea con un consumo elevado
de FS.

Metodos: Estudio transversal realizado en 847 sujetos
(56% mujeres, 67 afios, IMC 29,7 kg/m?) con un eleva-
do riesgo cardiovascular reclutados en el estudio PRE-
DIMED. El consumo alimentano se estimd mediante un
cuestionario semi-cuantitativo validado, la actividad fisi-
ca a través del cuestionario Minnesota Leisure Time
Activity, y las variables antropométricas mediante medi-
ciones estandar.

Resultados: La ingesta de FS disminuyd a medida
que aumentaron los quintiles de IMC v circunferencia
de la cintura (P-tendencia < 0,005; en ambos casos).
La ingesta de alcohol se relaciond inversamente con
el IMC (P-tendencia = 0,020) y directamente con la
circunferencia de la cintura (P-tendencia = 0,011),
mientras que la ingesta de carne se asoci6 directa-
mente con la circunferencia de la cintura (P-tendencia
= 0,018). En un modelo multivariable ajustado, la
ingesta de FS se asoci6 inversamente (P = 0,002) y
la ingesta de carne directamente (P = 0,042) con el
IMC. La ingesta de FS (P = 0,002) y vegetales (P =
0,040) se asociaron inversamente con la circunferen-
cia de la cintura, mientras que la ingesta de carne se
asocit directamente (P = 0,009). A partir de los resul-
tados del analisis de regresion se predijo que por
cada racién de 30 g de FS el IMC y |a circunferencia
de la cintura disminuyeron en 0,78 kg/m= y 2,1 cm,
respectivamente. Los resultados fueron similares en
hombres y mujeres.

Conclusicn: El consumo de FS se asocid negativamen-
te con la adiposidad independientemente de otras
variables de estilo de vida. A pesar de que es posible
que existan otros factores confusores relacionados con
un estilo de vida mas saludable entre los consumidores
de FS que puedan explicar en parte estos resultados, el
presente estudio confirma las recomendaciones del
consumo de FS como un componente importante de la
dieta saludable.
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Comunicacio 18: Poster
Il Congrés FESNAD, 2010 Barcelona, Espafa.

Polifenols totals en mostres de tomaquet eliminant substancies interferents pel
metode de Folin-Ciocalteu

Anna Vallverdd-Queralt, Alexander Medina-Remoén, Cristina Andrés-Lacueva
and Rosa M. Lamuela-Raventos.

Publicat a: Nutricion Hospitalaria. 2010; (supl. 1) vol. 25: p97

nivel de significancia del 5% (p < 0,05), hay una diferen-
cia estadisticamente significativa para la cantidad total
de fésforo, siendo los valores mas altos en yogur de
cabra, mientras que calcio y magnesio no muestran dife-
rencias estadisticamente significativas entre las distin-
tas especies.

B rolifenoles totales en muestras de
tomate eliminando sustancias interferentes
por el método de Folin-Cioc Alteu

Lamuela Raventds BM#.z, Vallverdl Querak Ar,

Medina Reman A*=, Lacueva CA™®

‘Departamento de MNutricion y Bromatologia. XaRTA. INSA
Facultad de Farmacia Universidad de Barcelona. *CIBER
06/003 Fisiopatologia de la obesidad y nutricion (CIBERON) y
RETICS RDO6/0045/0003 Instituto de Salud Carlos Il ®inge-
nio-CONSOLIDER, FUN-C-FOOD. Instituto de Salud Carlos I1I-
Madrid.

Introduccion: El método de Folin-Ciocalteu (F-C) se ha
utilizado durante afios para determinar el contenido de
polifenoles totales (PTs) en muestras de tomate; no obs-
tante otras sustancias presentes en el tomate con poder
reductor (como acido ascérbico, dehidrascérbico, azi-
cares.._) interfieren en la cuantificacion de los PTs.

Objetivo: El objetivo de nuestro estudio es mejorar la
determinacién de polifenoles totales en muestras de
tomate utilizando la extraccion en fase sélida (SPE) con
placas Oasis® MAX 96 con el objetivo de eliminar las
sustancias interferentes antes de la determinacion de
PTs con el método de F-C.

Meétodo: El método de F-C ha sido optimizado, para
reducir las interferencias causadas por sustancias
reductoras, y validado. Se ha determinado la sensibili-
dad, precisidn, exactitud y linealidad del método afa-
diendo 6 concentraciones de acido galico a la matriz de
tomate. La estabilidad a corto y largo plazo y después de
sucesivos ciclos de congelacién-descongelacién tam-
bién se ha evaluado. Mediante cromatografia liquida de
alta resolucién se han determinado las recuperaciones
de nueve polifenoles con diferente polaridad, después
de adicionar a la matriz de tomate 4 concentraciones
distintas de cada patrén estudiado. Se han analizado
siete muestras de tomate y los resultados se expresan
en mg equivalentes de acido galico/100 g de materia
seca.

Resultados: El intervalo de linealidad del método F-C
oscila entre 1y 75 mgL 1. Los valores de precisién y
exactitud estan comprendidos entre los niveles que
acepta la AOAC INTERNATINOAL. Las muestras y
patrones son estables tanto a corto como a largo plazo,
asi como después de los sucesivos ciclos de congela-

Nutr Hozp Vol. 25. Suplemento 1. Marzo 2010

cién descongelacién. Las recuperaciones de los nueve
polifenoles después de la SPE estan comprendidos
entre 79,12% y 108,75%. Las concentraciones de PTs
en las muestras de tomate después de SPE oscilan
entre 149,99 Y 247,12 mg equivalentes de Acido
gélico/100 g materia seca.

Conclusion: Se ha optimizado y validado un método de
andlisis de PTs en muestras de tomate eliminando las
interferencias con el método F-C utilizando SPE con pla-
cas OasisO MAX 96 obteniendo unos resultados entre
149,99 Y 247,12 mg de GAE/100 g materia seca.

IZEE valor nutritivo de tomate maduro
en base a su perfil metabolico

Oms Oliu G*, Hertog TME, Nicolai BMF

Departamento de Tecnologia de Alimentos. TPV-XaRTA. Uni-
versidad de Lleida. *BIOSYST-MeBioS Division. Katholieke
Universiteit Leuven. Bélgica.

Introduccion: Las modernas técnicas de andlisis global,
denominadas ‘omics’ permiten estudiar la complejidad
nutritiva de los alimentos. La Metabolémica se ha apli-
cado en este trabajo como herramienta para explorar el
valor nutritivo de tomate maduro en base a su perfil
metabdlico.

Objetivo: obtener un mapa global de los metabolitos
polares que componen el tomate tales como azlcares,
acidos organicos y aminoécidos.

Métodos: La cromatografia de gases-espectrometria
de masas (GC/MS) permitid el analisis simultaneo de
los metabolitos polares presentes en tomate. No obs-
tante, la inyeccidén de la muestra en un GC requiere
una conversion previa de los compuestos a derivados
volatiles mediante un proceso de derivatizaciéon. La
identificacion de los metabolitos se realizd a través de
la libreria “Fiehn GC/MS metabolomic library”. Las
concentraciones relativas de los metabolitos se calcu-
laron a partir de los factores respuesta de cada uno de
los compuestos, relacionando el drea de cada pico
con la del estandard interno (ribitol) presente en cada
cromatograma.

Resultados: En los extractos de tomate maduro se iden-
tificaron 41 metabolitos. Los compuestos mayoritarios
en tomate (glucosa, fructosa y acido citrico) se detecta-
ron en concentraciones relativas de 1.344,72, 1.739,46
y 352,16, respectivamente. No obstante, se detectaron
otros azlcares como la galactosa, sacarosa, inositol,
acido galacturdnico, manosa, maltosa, glucosa 6-fos-
fato, rafinosa, manitol, galactitol, sorbitol, y acidos tales
como el isocitrico, gulénico, glucénico, tartarico, saca-
rico, succinico, maleico, lactico, citramalico, fumarico,
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Comunicaci6 19: Poster

VIII Congrés Internacional de Barcelona sobre la Dieta Mediterrania 24-25 marg¢
del 2010 Barcelona, Espafia.

Following a Mediterranean diet pattern increases total polyphenol consumption
and produces a significant decrease in blood pressure. The PREDIMED
randomized trial after one year.

Medina-Remon A., Estruch R., Andres-Lacueva C., Martinez-Gonzalez M.A.,
Covas M.l.,, Corella D., Salas-Salvadé J., Serra- Majem, L. and Lamuela-
Raventos R.M., on behalf of the PREDIMED Study Investigators.
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El vi només es disfruta amb moderacio
Rosa M. Lamuela'a'b*, A. Medina-Remén > Cristina Andres-Lacueva € i

Ramon Estruch ¢
"E-mail:lamuela@ub.edu, Tel :+34 934034843
2Grupo de Investigacion Antioxidantes Naturales :Polifenoles

http://www.ub.es/depnutricioibromatologia/GrupAntioxidants

®Department of Nutrition and Food Science, XaRTA, INSA. Pharmacy School, University of
Barcelona, Barcelona, Spain; CIBER 06/003 Fisiopatologia de la Obesidad y la Nutricion,
(CIBEROBN) y RETICS RD06/0045/0003. Instituto de Salud Carlos Ill, Spain.; ‘Ingenio-
CONSOLIDER program, FUN-C-FOOD, Barcelona, dDepartment of Internal Medicine, Hospital

Clinic, IDIBAPS, University of Barcelona.

RESUM

El consum de vi ha estat molt lligat a I'evolucié de la civilitzacié a la conca
mediterrania. Es té constancia que fa més de 2000 anys ja s’atribuien al vi
efectes saludables. Recentment, nombrosos estudis epidemiologics han
observat que el consum moderat de vi i begudes alcoholiques té un paper
protector davant les malalties cardiovasculars. Els consumidors moderats
d’alcohol presenten una menor incidencia de malaltia coronaria que els
abstemis. Tanmateix, el vi, a més d’alcohol, conté altres multiples components,
com els compostos fendlics o polifenols. Aquests components, que procedeixen
majoritariament del raim, han demostrat una intensa activitat biologica. Per
aixo, el vi, al contenir tant etanol com una elevada concentracié de polifenols,
sembla tenir un efecte protector davant les malalties cardiovasculars superior al

d’altres begudes alcoholiques.
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La cultura del vi ha estat molt lligada a la civilitzacié des del periode neolitic
i, possiblement, des de molt abans, tant a nivell economic, religios, social,
medic (1). La primera constancia historica d’'un vas que havia contingut vi data
dels anys 5.400-5.000 a.C., i va ser trobada en una cuina neolitica ubicada
entre els rius Tigris i Eufrates, en l'actual Iraqg. Durant el periode de I'Antic
Egipte ja s’elaboraven diferents tipus de vins: blanc, negre i fins i tot un vi amb
un tipus d’elaboracié més complexa, que seria com un actual vi de Malaga, el

Shedeh (2,3,4).

Aixi mateix, es té constancia que fa més de 2.000 anys ja s’atribuien efectes
saludables al consum moderat de vi. Tanmateix, cap a I'any 1.800, coincidint
amb l'avan¢ de la medicina cientifica d'aquella epoca, es van perdre les
nocions referents als possibles efectes beneficiosos del consum de vi, per
considerar només els seus efectes toxics (5). L'interés en aquest topic es va
reiniciar fa uns 30 anys després de l'analisi dels resultats de varis estudis
epidemiologics i constatar que el consum moderat d’alcohol podria ser
beneficiés per la salut (6-8). Els investigadors d’aquests estudis van trobar una
associacio negativa entre el risc relatiu d’infart de miocardi i el consum moderat
de begudes alcoholiques. Les corbes que relacionen la mortalitat i incidencia de
malaltia cardiovascular amb el consum d’alcohol segueixen una forma en U o
de J. Es a dir, els bevedors moderats presentaven un menor risc de mort
cardiovascular que els abstemis (bra¢ esquerra de la U o la J), pero també

inferior als grans bevedors (bra¢ dret de la U o la J).

Aquest efecte antiaterogenic del consum moderat de begudes alcoholiques
es va atribuir inicialment a canvis en el perfil lipidic, principalment un increment

de I'HDL-colesterol, i a efectes sobre la funci®6 hemostatica, com una reduccio
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de l'agregacié plaquetaria i un increment de la fibrinolisi. No obstant, més
recentment s’han apuntat altres possibles mecanismes com un efecte
antiinflamatori sobre la paret arterial, una funcié endotelial més eficient i una
menor concentracid plasmatica d’homocisteina en els bevedors moderats (9).
Aquest efecte beneficibs no només s’observa en la prevencio primaria de la
malaltia cardiovascular, sin6 també s'observa en persones que han patit un
episodi de cardiopatia isquémica o un accident vascular cerebral (prevencié

secundaria) (10).

Perd existeixen notables discrepancies a I'hora d’atribuir aquests efectes a
I'etanol que contenen aquestes begudes, als seus components no alcohdlics,
principalment polifenols, o a ambdds. En altres paraules, existeixen dubtes
sobre si hi ha alguna diferéencia en consumir 'alcohol en forma de vi, cava,

cervesa, o0 begudes alcoholiques d’alta graduacié como conyac o whisky.

De totes maneres, s6n molts els estudis epidemiologics portats a terme a
Europa i Estats Units que assenyalen que el vi tindria un efecte cardioprotector
addicional superior a la cervesa, licors o destil-lats (11-13). De fet, s’han
publicat varies meta-analisi sobre els efectes del consum de vi, cervesa i licors
sobre el risc cardiovascular (14). Per exemple, després de I'analisi conjunt de
13 estudis que incloien un total de 209.418 subjectes, es va concloure que el
risc relatiu de malaltia vascular associat amb el consum de vi era de 0,68
(interval de confianca 95% [IC] 0,59 a 0,77) comparat amb els no bevedors
(15). Es a dir, el consum moderat de vi reduiria en un 32% la possibilitat de
patir una complicacié cardiovascular. Els mateixos autors van analitzar altres
15 estudis en els que s’havien inclos 208.036 subjectes, i van calcular que el

risc relatiu del consum moderat de cervesa era de 0,78 (IC 0,70 a 0,86).
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L'efecte protector de la cervesa seria, doncs, d’'un 22%. Tanmateix, en altres
estudis prospectius s’ha comprovat que el consum moderat de begudes
alcoholigues de major graduacié (licors) també tindria un cert efecte
cardioprotector, per la qual cosa alguns investigadors, sobretot d’origen
anglosaxd, consideren que gran part dels efectes beneficiosos de les begudes
alcoholigues es deu al propi etanol que contenen, per el qual I'efecte protector

és independent del tipus de beguda alcoholica consumida (16).

En aquest sentit, s’han realitzat estudis clinics d’intervencié que han tractat
de diferenciar els efectes de I'etanol dels components no alcohodlics del vi sobre
diferents parametres relacionats amb I'aparicio i progressio de l'arteriosclerosi
(17-20). Aixi, a un grup de 40 homes sans, sense factors de risc vascular, se’ls
va administrar 30 g d’alcohol en forma de vi negre o de ginebra durant un mes.
Com que la ginebra es practicament alcohol pur (no conté polifenols), amb
aquest disseny es va pretendre separar els efectes de I'alcohol etanol (ginebra)
de l'efecte de la mateixa quantitat d’etanol més polifenols (vi negre). Tant el
consum moderat de ginebra com de vi va mostrar efectes positius sobre la
pressio arterial, lipoproteines plasmatiques i coagulacié, perdo després del
consum de vi es va apreciar una major reduccio dels parametres d’inflamacié
vascular, especialment de la concentraci6 de molécules d'adhesié i
guemoquines que participen en el pas dels monocits sanguinis a l'interior de
I'endoteli vascular, una de les primeres fases del procés arteriosclerotic. D’altra
banda, després del consum de ginebra també es van apreciar alguns efectes
negatius com una reduccio de la concentracid sanguinia i eritrocitaria d’acid
folic i un increment d’algunes molécules d’adhesié. En canvi, després del

consum de vi, no es va apreciar cap efecte negatiu. Altres assaigs clinics
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realitzats amb altres tipus de vi i cava en homes i dones (19-20) han obtingut

resultats similars. Aquest tipus d’estudi ajuda a comprendre els mecanismes

mitjancant els quals el vi podria exercir els seus efectes cardioprotectors i,

paral-lelament, aporten I'evidéncia cientifica necessaria per reafirmar les

principals conclusions dels estudis epidemiologics realitzats, és a dir, que el

consum moderat de vi, que és un dels principals components de la dieta

mediterrania, redueix la mortalitat global i molt especialment la mortalitat

cardiovascular i la incidéncia d’'infart de miocardi i d’accidents vasculars

cerebrals.
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