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PREFACE

In association with well-known health benefits related to the consumption of
fruit- and vegetable-rich diets, research on the protective effects of plant-
derived phenolic compounds (polyphenols) has developed notably in recent
years. In particular, their antioxidant properties have been the objective of
extensive research. However these phenolics are the target of an array of
chemical reactions that, if confirmed to occur in vivo, would contribute to their
health promoting effects. It is now emerging that both parent compounds and
their metabolites produced after ingestion can regulate cell and tissue functions
by both antioxidant and nonantioxidant mechanisms. This volume provides the
latest evidence supporting these concepts.

The strategy behind the selection of the themes was to provide a compre-
hensive overview of the basic and applied research on phenolic compounds and
their potential protective effects on health. The first chapters are on the
identification, metabolism, and basic mechanisms affecting phenolic actions
in biological systems. The book then develops in a series of pivotal chapters
addressing the effects of flavonoids, stilbenes, and curcuminoids on cardiovas-
cular disease, cancer, and neurodegeneration. The final chapter is on the
complex functions that phenolics perform in plants, as a model that can help
to better understand their effects on animal physiology. Explanations are
essentially centered in applying basic biochemical mechanisms to improve
nutrition and/or developing pharmacological strategies.

As being part of a series launched under the umbrella of the IUBMB, the
volume was planned to tackle not only the cutting edge research, but also to
provide a source for basic, educational information. The target audience
includes not only scientists and health professionals but also educators and
students, policymakers, food and pharmaceutical developers, and many others
interested in understanding how plant-derived phenolic compounds can affect
human health and so, in part, explains how fruit and vegetables play a key role
in enhancing human health.

The color Figures in this title are posted on the following ftp site: ftp://
ftp.wiley.com/public/sci_tech_med/phenolic_compounds.

I want to especially thank the group of outstanding scientist that provided
chapters of the highest quality and readability. Particular appreciation is due to
prof. Angelo Azzi who was central in the planning and concretion of the book.

I dedicate this volume to my four children,
MAGGIE, MARTIN, JOAQUIN, AND IGNACIO

vii
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2 DIETARY FLAVONOIDS AND PHENOLIC COMPOUNDS
INTRODUCTION

Plants synthesize a vast range of secondary metabolites with a significant
portion consisting of phenolic compounds and flavonoid compounds [Crozier
et al., 2006a]. These phytochemicals are structurally diverse, and many are
distributed among a very limited number of species within the plant kingdom.
This character allows them to act as biodiagnostic markers in chemotaxonomic
studies. Phenolic compounds and flavonoids accumulate in relatively high
amounts in plants and appear to have a myriad of supplemental functions in a
plant’s life cycle. These include structural roles in different supporting or
protective tissues, involvement in defense strategies, as attractants for pollina-
tors and seed-dispersing animals, and as allelopathic agents, ultra violet (UV)
protectants and signal molecules in the interactions between plants and their
environment. One of the most versatile classes of flavonoids, the anthocyanins,
protect chloroplasts from photodegradation by absorbing high-energy quanta,
while scavenging free radicals and reactive oxygen species (ROS) [Gould, 2004].
Flavonols, as well as providing protection against the damaging effects of
UV-B light, are also involved in promoting the growth of pollen tubes down
the style to facilitate fertilization. In addition, isoflavonoids play important
defense roles against pathogen and insect attack and are key signal molecules
in the formation of nitrogen-fixing root nodules in legumes. After the death of
plants, phenolic compounds may persist for weeks or months and affect
decomposer organisms and decomposition processes in soils. Therefore, their
effects are not restricted to only the plant itself but may extend to the
functioning of whole ecosystems [Horner et al., 1988].

Secondary metabolites, other than providing plants with unique survival or
adaptive strategies, are of commercial significance to humankind. They have
been used as dyes, fibers, glues, oils, waxes, flavoring agents, drugs, and
perfumes and are viewed as potential sources of new natural drugs, antibiotics,
insecticides, and herbicides [Croteau et al., 2000; Dewick, 2002]. In recent years
the role of phenolic compounds and flavonoids as protective dietary constitu-
ents has become an increasingly important area of human nutrition research.
Unlike the traditional vitamins, they are not essential for short-term well-being,
but there is increasing evidence that modest long-term intakes may exhibit a
potential for modulating human metabolism in a manner favorable for the
prevention or reduction in the risk of degenerative diseases such as cardiovas-
cular diseases, diabetes, obesity, and cancer [Anderson et al., 1999].

HEALTH BENEFITS AND MODE OF ACTION OF FLAVONOIDS
AND PHENOLIC COMPOUNDS

The rapid rise of degenerative diseases worldwide is threatening economic and
social development as well as the lives and health of millions of people. It rep-
resents a major health challenge to global development in the coming century.



HEALTH BENEFITS AND MODE OF ACTION 3

It is estimated that up to 80% of cardiovascular disease, 90% of Type II
diabetes, and one third of cancers can be avoided by changing lifestyle,
including diet [WHO, 2003]. Diet-related high cholesterol, high blood pressure,
obesity, and insufficient consumption of fruits and vegetables have been cited
as significant interlinking risk factors that cause the majority of these diseases.
There is, therefore, increasing interest in the role of nutrition and specific
dietary constituents in the prevention of such diseases. Flavonoids and phenolic
compounds are prominent among dietary constituents that are the focus of
such interest.

Since the 1990s a number of epidemiological studies have been carried out
attempting to correlate high dietary phenolic compounds and flavonoid
intake, through the consumption of fruits and vegetables, with reduced risk
of degenerative diseases. Many, but not all, of these studies have indicated
some degree of inverse associations between high dietary phenolic/flavonoid
intake and reduction of degenerative diseases [Steinmetz and Potter, 1996;
Law and Morris, 1998; Riboli and Norat, 2003]. Since oxidative stress
imposed by ROS is known to play a crucial role in the pathophysiology
associated with neoplasia, atherosclerosis, and neurodegenerative diseases, the
potential mechanism of the protective effects of phenolic compounds and
flavonoids were thought to be due to direct scavenging of free radicals [see
Heim et al., 2002].

Accumulating evidence now indicates the importance of interactions
between various phytochemicals in reducing the risk of various degenerative
diseases [Chan et al., 2000; Mouria et al., 2002; Mertens-Talcott et al., 2003].
The combination of antioxidative agents with different modes of action is
thought to increase efficacy and minimize toxicity. In a recent review by Lee
and Lee [2006], the abilities of phenolic-based antioxidant therapies to
decrease ROS levels was shown to produce the best health benefits through
a diet rich in multiple antioxidants rather than a high dosage of a single
supplement. Evidence of the potential benefits of food synergy was provided
by Liu et al. [2000] when they demonstrated that a combination of fruits,
such as orange, apple, grape, and blueberry, displayed a synergistic effect on
antioxidant activity in vitro. The median effective dose (ECsg) of each fruit in
combination was five times lower than the ECs, of each fruit alone,
suggesting synergistic effects due to the combination of the four fruits. In
another study, Sakamoto [2000] emphasized the importance of consuming
black tea together with soybean products as commonly occurs in a typical
Japanese diet. In this study, thearubigen in black tea did not alter the in vitro
growth of human prostate cancer cells. However, a small amount of
thearubigen (0.5 pg mL™') administered with genistein (20 pg mL "), the
major isoflavone in soybean, synergistically inhibited cell growth and in-
creased the DNA distribution at the G2 M phase of the cell division cycle by
34% compared with genistein alone [Sakamoto, 2000]. Similar conclusions
were reached by Temple and Gladwin [2003] when they reviewed 200 cohort
and case—control studies that provided risk ratios concerning intake of fruits
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and vegetables and risk of cancer. Their studies showed that the cancer-
preventing action of fruits and vegetables is most probably due to the many
bioactive compounds that act in concert to prevent cancer rather than being
due to one or two potent anticarcinogens.

Nutrients generally have very specific functions such as being an enzyme
cofactor. In contrast, in addition to their additive and synergistic effects,
phenolic compounds and flavonoids, often exhibit pleiotropic effects that in
combination may reduce the risk of chronic disease. For instance, curcumin,
the active constituent of turmeric (Curcuma longa), a root vegetable, has been
shown to be beneficial in all three stages of carcinogenesis [Thangapazham et
al., 2006]. Isoflavones, the bioactive ingredient in leguminous vegetables, not
only cause a small reduction in blood cholesterol but also reduce blood
pressure, arterial dimensions, and oxidative stress [Anderson et al., 1999].
This combined effect may cause a reduction in the risk of coronary heart
disease [Kris-Etherton et al., 2004].

In addition to the complexity mentioned above, the health implications of
dietary phenolic compounds and flavonoids are also dependent on the compo-
sition of the components of the diet and the bioavailability of the individual
compounds under study. Accumulating evidence on the absorption and
bioavailability of phenolic compounds and flavonoids in humans reveals that
most of these phytochemicals are modified during absorption from the small
intestine, through conjugation and metabolism, and by the large intestine.
mainly through the actions of the colonic microflora, and by subsequent
hepatic metabolism [Graefe et al., 2001; Manach et al., 2004; Mullen et al.,
2004, 2006, 2008; Jaganath et al., 2006]. Thus, metabolites that reach the cells
and tissues are chemically, and, in many instances, functionally distinct from
the dietary form, and such features underlie their bioactivity [Kroon et al.,
2004]. This, in addition to the fact that in most instances very low levels of
dietary phenolic compounds and flavonoids are actually absorbed and appear
in the bloodstream (<10 pM), implies that the concept of these compounds
functioning as hydrogen-donating antioxidants in vivo appear to be an over-
simplified view of their mode of action [Williams et al., 2004; Williamson and
Manach, 2005; Fraga, 2007].

It has been hypothesized that cells respond to phytochemicals through direct
interactions with receptors or enzymes involved in signal transduction, or
through modifying gene expressions that may result in alteration of the redox
status of the cell that may trigger a series of redox-dependent reactions [Williams
et al., 2004]. There is now emerging evidence that flavonoids may play an
important role in molecular processes especially as modulators of intracellular
signaling cascades, which are vital to cellular function [Williams et al., 2004]. For
example, in a recent study carried out by Mackenzie and associates (2008), a
naturally occurring phenolic compound, curcumin [1,7-bis(4-hydroxy-3-methox-
yphenyl)-1,6-heptadiene-3,5-dione, 1] was found to deregulate signaling cascades,
such as NF-kB, leading to a decreased expression of proteins involved in cell
proliferation and apoptosis. In another study on Caco-2 cells, hexameric
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procyanidins was found to inhibit TNFa-induced NF-kB activation, which is
belived to play a central role in inflammation including human intestinal bowel
disease [Erleyman et al., 2008].

There is growing evidence from human feeding studies that the absorption
and bioavailability and thus bioactivity of phenolic compounds and flavonoids
are very much dependent on the nature of their chemical structure. Their
chemical classification and dietary occurrence is briefly discussed in the
following section.

FLAVONOIDS—STRUCTURE AND THEIR DIETARY OCCURRENCE

To date, more than 6000 different flavonoids have been described and the
number continues to increase [Harborne and Williams, 2000]. Flavonoids are
polyphenolic compounds comprising of 15 carbons, with 2 aromatic rings
connected by a 3-carbon bridge. According to the modifications of the central
C-ring, they can be divided into different structural classes including
flavonols, flavones, flavan-3-ols, flavanones, isoflavones, and anthocyanidins
(Fig. 1.1). In a few cases, the 6-membered heterocyclic ring C occurs in an
isomeric open form or is replaced by a S-membered ring as in the case of
chalcone. Other flavonoid groups, which quantitatively are relatively minor
dietary components, are dihydroflavones, flavan-3.4-diols, coumarins, and
aurones.

Flavonols

The flavonols are the most widespread of the flavonoids in plant food. They
vary in color from white to yellow and are closely related in structure to the
flavones. They are represented mainly by quercetin, kaempferol, and myricetin
while the methylated derivative isorhamnetin is also quite common (Fig. 1.2).
Of the various flavonols found in the diet, quercetin is the most ubiquitous. It is
present in various fruits and vegetables, with especially high concentrations,
200-1000 pg g ' fresh weight, occurring in onions (A/lium cepa) [Hertog et al.,
1992; Crozier et al. 1997]. In a recent study by Sultana and Anwar [2008],
flavonol levels were determined in 22 plant materials (9 vegetables, 5 fruits, and
8 medicinal plants). The highest concentrations were detected in the medicinal
plant, moringa (Moringa oleifera) (68 pg g ' fresh weight), followed by
strawberry (Fragaria spp.) (40 pg g '), peepal (Ficus religious) (12 ug g ).
spinach (Spinaceae oleraceae) (19 pg g 1, and cauliflower ( Brassica oleraceae)
(18 pgeg ).

Flavonols that accumulate in plant tissues are almost always in the form of
glycosylated conjugates. The main flavonols in onions are quercetin- 4'-O-
glucoside and quercetin-3,4'-O-.diglucoside with smaller amounts of isorham-
netin-4'-0O-glucoside (Fig. 1.3) [Mullen et al., 2004].



