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1 Introduction

Nowadays, science has become more immerged into daily life. Who has not
heard or at least observed the word ‘antioxidant’, which is frequently advertised
on many beverages and dairy products of the supermarket? Although most people
ignore the real significance of an antioxidant, many of them do use the term ‘anti-
oxidant” while discussing nutrition, food, and health; hence, the question must be
posed “What is an antioxidant?”

In a general aspect, an antioxidant is a substance able to prevent the oxidation
reaction mainly caused by oxygen. A concrete example is commonly observed in the
well-known phenomena of metal corrosion. Iron is oxidized by oxygen from the air.
Anticorrosive agents, which in fact are antioxidants, are used to protect metallic sur-
faces from corrosive damage. From a chemical point of view, the oxidation reaction
is a redox reaction involving electron transfer from a substance toward the oxidant
agent. This reaction can produce free radicals that are highly reactive species that
attack molecules by capturing electrons, thus modifying their molecular structures.
In other words, any substance that reduces the oxidative damage due to oxygen (and/
or free radicals) is called an ‘antioxidant’. It is therefore capable to stop the destruc-
tive oxidation process by reacting with free radicals and stopping their activity (Valko
et al. 2007; Hermes-Lima 2005). These antioxidant properties are encountered in
specific families of natural and synthetic organic compounds; the most common are
phenolic compounds.
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In biology, despite the crucial role of oxidation reactions for metabolism and
organism functioning, they can also be highly destructive. A biological paradox
is eventually noticed for most beings (animals and plants) requiring oxygen
to ensure life, while this molecule is extremely reactive and able to induce degra-
dation for many organisms. Under such circumstances, antioxidation systems are
set up in the form of antioxidant agents acting together with enzymes to prevent
the formation of highly reactive species or even to eliminate them just before they
damage cell-components, like DNA, lipids, and proteins. Plants and animals uti-
lize and produce various antioxidants to protect themselves, such as glutathione,
vitamin C, and vitamin E, or enzymes like catalase, peroxidase, and superoxide
dismutase. Similarly, our body itself produces, involving the amino acid cysteine,
a powerful antioxidant, a-lipoic acid. A deficiency or total absence of antioxidants
causes oxidative stress that can damage or destroy cells. Oxidative stress has been
implicated in the pathogenesis of many human diseases, mainly cancer. So far, the
application of antioxidants in pharmacology has been studied in order to treat sev-
eral pathologies namely cardio, cerebral, vascular, atherosclerosis, neoplasia, and
neurodegenerative diseases. However, it still remains unclear whether oxidative
stress is the cause or the consequence of these diseases (Valko et al. 2007).

Great attention was focused on the naturally occurring antioxidant phyto-
chemicals as possible therapy for cardiovascular diseases. These natural occurring
components are considered as important nutritional ingredients acting as protec-
tors for the health maintenance and preventing certain diseases like cancer or heart
failure. Although studies suggest that nutritional antioxidants are beneficial to
health, extensive clinical trials did not reveal a very clear in vivo biological action
on humans and have even suggested that excessive intake of these substances
could sometimes have negative effects (Barbosa 2007; Galati and O’Brien 2004;
Gerhaeuser 2001).

A huge amount of organic compounds from both natural and synthetic sources
are recognized as potent antioxidant agents. The flavonoid family, widespread in
the plant kingdom is associated with antioxidant capacities, especially flavones.
Great attention is due to the stilbene family in which resveratrol, the main grape
skin and red wine active component, is the chief leader of this family, displaying
a broad spectrum of biological effects, also followed by a queue of numerous bio-
logical active synthetic analogs.

This chapter deals with a brief structural introduction to the flavonoid and the
stilbene compounds. A word is given on the chemistry behind the drive to syn-
thesize more effective derivatives of the previously mentioned natural products,
including flavones, 2-styrylchromones, and stilbenes. A discussion on nutritional
polyphenols is presented emphasizing some biologically impactful molecules
mainly from the flavonoid and stilbene families. Flavonoids such as quercetin,
anthocyanins, catechins, and resveratrol, along with other small phenolic mol-
ecules constitute the subject of this chapter. These compounds are frequently
encountered in vegetables, fruits, and beverages. Red wine, tea, especially green,
and chocolate are, without any doubt, the most fascinating examples considered
in people’s eating habits and most important sources of the above highlighted
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Fig. 1 Flavonoid main basic structures

nutritional polyphenols. We will revisit the French Paradox which relates the
observation that mortality rates due to coronary heart disease are relatively low
in some regions of France despite a diet rich in saturated fats. A similar concept
will be treated regarding tea drinks and their potential cancer prevention. Chocolate
is a tasty source of polyphenols which is taking part in our survey on food-nutrients
and health effects. Aspects of biology, recent evidences on beneficial effects,
in vitro, in vivo and clinical trials, for antioxidant assays of these polyphenol-rich
foods are outlined. Some social circumstances end up with different opinions on
whether these foods are with or without risk for human health.

2 Flavonoids and Related Compounds

Flavonoids form a family of phenolic secondary metabolites of plants. All the
classes of this family of compounds share the same basic structure formed by two
aromatic rings attached together via a three carbon chain giving rise to a C—Cs—
Cg system. Usually their structure contains a pyrano- or furano-heterocycle with a
ketone function. They constitute one of the most numerous and widespread families
of natural plant phytoconstituents with more than 4,000 structures identified, and
categorized into several classes, namely the six member containing form (pyrano-)
including flavones, flavanols (catechins), flavanones, flavonols, isoflavones, antho-
cyanins, and procyanidins; the five member containing form (furano-) is represented
by aurones. In addition to the open forms like chalcones and dihydrochalcones exist
(Fig. 1) (Harborne and Grayer 1993; Andersen and Markham 2006).
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Flavonoids are low-molecular-weight substances extracted from plants by vari-
ous methods (Harborne and Grayer 1993; Andersen and Markham 2006). They
have primarily been identified as pigments responsible for the autumnal shades
(yellow, orange, and red) of many kinds of flowers and plants. Flavonols (querce-
tin, myricetin, and kaempferol) and flavones (apigenin and luteolin) are the most
common phenolics in plant-based foods. Quercetin is a predominant component
in onions, apples, and berries (Tereschuk et al. 2004). Flavonoids like the colorful
anthocyanins are found in vegetables and fruits, such as red cabbage (McDougall
et al. 2007) and red grapes (Orak 2007). They are also found in red wine phyto-
chemicals (Perez-Magarino and Gonzalez-San Jose 2006; Cliff et al. 2007; Crozier
et al. 2010). More colorful flavonoids are prominent components of citrus fruits
and other food sources. Flavanones, like narrigin are typically present in citrus
fruits, and flavanols, particularly catechin, are present as catechin gallate in bever-
ages such as green or black tea (Amarowicz and Shahidi 1996; Armoskaite et al.
2011; Atoui et al. 2005; Gao et al. 2008) and red wine (Rosenkranz et al. 2002).

Flavonoids not only give to food its colors but play a crucial protective role in
human health. Consequently, many structures are established as potential biologi-
cally active nutrients (Harborne and Grayer 1993; Andersen and Markham 2006;
Martino 2000). They have also been credited with many diverse key functions in
plant growth and development, including stress protection, reproduction, signaling,
and protection from insect and mammalian consumption (Harborne and Grayer
1993; Andersen and Markham 2006). The daily intake of flavonoids in humans can
reach an approximate value of 25 mg/day, an average amount which qualifies a phar-
macological level to human body fluids and tissues, guaranteeing a good absorption
from the gastrointestinal tract. In 1938, Szent-Gyorgyi has first initiated the biologi-
cal activity of flavonoids, in his study on citrus peel flavonoids which provide an
efficient activity in preventing the capillary bleeding and fragility associated with
scurvy (Tereschuk et al. 2004). Certain individual members of the flavonoid fam-
ily displayed a multiplicity of biological activities, and therefore this most promis-
ing family of biologically active compounds becomes the key title of several recent
research works. Among the authors, Morton et al. (2000) has published a review on
distribution, bioavailability, and biological activity of the flavonoid compounds sug-
gesting that they may have a physiological role as antioxidants.

Actually, it is accepted that natural flavonoids present in fruits and plant-derived-
foods are relevant, not only for technological reasons and organoleptic properties,
but also because of their potential health-promoting effects, as suggested by the
available experimental and epidemiological data. Human trials on the antioxidant
effects of beverages rich in such polyphenolic compounds, like red wine, fruit juice,
and tea, have been limited and results are, at present, inconclusive. This fact is par-
ticularly due to poor inconvincible methodologies available to measure oxidative
damage in vivo, and that is why still further research efforts are being required. The
use of appropriate biomarkers of oxidant damage in vivo measure is primordial in
order to prove that these compounds can be conclusively considered as dietary anti-
oxidants with nutritional benefit. In contrast, the beneficial biological effects of these
food components may be depicted by two of their characteristic properties, their
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Fig. 2 Molecular structures of (7”R)-8-[1-(4-hydroxy-3-methoxyphenyl)prop-2-en-1-yl]galangin
1, 3-alkyl-3/.4’,5,7-tetrahydroxyflavones 2, flavopiridol [2-(2-chlorophenyl)-5,7-dihydroxy-8-(3-
hydroxy-1-methylpiperidin-4-yl)-4H-chromen-4-one] 3

affinity for proteins and their antioxidant activity. Over the last 15 years, numerous
publications have demonstrated that besides their in vifro antioxidant capacity
(measured by DPPH, ORAC, and other techniques) (Salucci et al. 2002) and in vivo
evaluation (Dai et al. 2004), certain flavonoids, such as anthocyanins, catechins,
proanthocyanidins encountered in our daily food, may regulate different signaling
pathways involved in cell survival, growth, and differentiation. These compounds act
differently and selectively in various models as far as their antioxidant capacity is
concerned, suggesting that multi-models should be utilized in order to evaluate an
antioxidant from natural sources (de Pascual-Teresa et al. 2010).

Flavones (2-arylchromones) are a group of flavonoids which gained great atten-
tion over the last decade due to their potential biological and medicinal utilities. These
compounds can be characterized as ‘privileged structures’ for their ability to interact
with a number of different receptors in the body, thereby precipitating a wide range of
biological responses (Verma and Pratap 2010). Among the naturally occurring flavones
and their synthetic analogs, several derivatives displayed important biological proper-
ties, such as anticancer (Cummings et al. 1989; Cardenas et al. 2006; Lin et al. 2007,
Zhu et al. 2007), anti-inflammatory (Park et al. 1999; Nagaoka et al. 2003; Moscatelli
et al. 2006) and antioxidant (Beyer and Melzig 2003; Vaya et al. 2003) activities.
These first promising results explain the increasing interest in this class of the most
abundant naturally occurring compounds and the continuous isolation of new biologi-
cally active derivatives, such as (7”R)-8-[1-(4-hydroxy-3-methoxyphenyl)prop-2-en-
1-yl]galangin 1 having a cytotoxic activity against PANC-1 human pancreatic cancer
cells (Li et al. 2010). Considerable attention was paid to the synthesis of flavone deriv-
atives especially those with biological activity predictions, for instance, we underline
some molecules like 3-alkyl-3’,4’,5,7-tetrahydroxyflavones 2 proved as potent active
antioxidant evaluated in various biological systems, including in vitro assays (Filipe
et al. 2009; Gomes et al. 2009b). Flavopiridol 3 shows a cyclin-dependent kinase
inhibitory effect which is actually under phase II clinical trials for a number of differ-
ent malignancies (Fig. 2) (Murthi et al. 2000; Kosmider and Osiecka 2004; Teillet et al.
2008; Ahmadi et al. 2009; Diaz-Padilla et al. 2009; Hallek and Pflug 2011).

2-Styrylchromones constitute a further important biological active chromone-based
structure, but very scarce as naturally occurring compounds (Gomes et al. 2010).
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Fig. 3 Structures of hormothamnione 4, 6-demethoxyhormothamnione 5, (E)-5-hydroxy-
2-styrylchromone 6, (E)-6,4’-dihydroxy-3/-methoxy-2-styrylchromone 7, (E)-3'methoxy-2-
styrylchromone 8 and (E)-5,3',4’-trihydroxy-2-styrylchromone 9

Only four derivatives have been isolated from nature, namely hormothamnione 4 and
6-demethoxyhormothamnione 5 from the marine blue-green algae Chrysophaem tay-
lori (Gerwick et al. 1986; Gerwick 1989), (E)-5-hydroxy-2-styrylchromone 6 from
the rhizomes of Imperata cylindrical (Yoon et al. 2006) and, more recently, (E)-6,4-
dihydroxy-3-methoxy-2-styrylchromone 7 isolated from the tree Aquilaria sinen-
sis (Yang et al. 2012) (Fig. 3). Natural derivatives have only demonstrated cytotoxic
activity against leukemia cells (Gerwick et al. 1986; Gerwick 1989) while a range
of biological effects has been evidenced in synthetic derivatives, such as antivi-
ral (Desideri et al. 2000), antitumor (Brion et al. 1991), antimitotic (Marinho et al.
2008), anti-inflammatory (Gomes et al. 2009a) and antioxidant (Gomes et al. 2007,
2008, 2010) activities. Some of the biologically active synthetic derivatives present
simple structures; for example, the antimitotic (F)-4’-methoxy-2-styrylchromone
8 also considered as a potent anti-norovirus agent (Marinho et al. 2008), along with
(E)-5-hydroxy-2-styrylchromone 6 (Rocha-Pereira et al. 2010). Moreover, 2-styryl-
chromones with a catechol pattern such as derivative 9, present considerable anti-
inflammatory and antioxidant activity (Fig. 3) (Gomes et al. 2007, 2008).

In light of the biological significance of the mentioned chromone-based com-
pounds, many researchers dedicate their work to develop efficient synthetic
methodologies for such compounds. The most used synthetic routes include the
Baker—Venkataraman method and the cyclodehydrogenation of 2’-hydroxychal-
cones and 2’-hydroxycinnamylideneacetophenones.

The Baker—Venkataraman route is one of the oldest approaches drawn to the
synthesis of flavone derivatives and still being one of the most used efficient routes
for 2-styrylchromones production (Baker 1933; Mahal and Venkataraman 1934;
Price et al. 1993; Silva et al. 2004; Pinto et al. 1998, 1999). It involves a three-
step sequence where the final step consists in the cyclization of f-diketones 11
(obtained from ester 10 via Baker—Venkataraman rearrangement), which exists
in equilibrium with its enolic form, into chromone derivatives 12. Several condi-
tions can be employed to perform this cyclization, mostly under acidic conditions.
Extensive studies performed by Silva et al. indicate that molecular iodine leads to
a successful manner of flavones and (E)-2-styrylchromones synthesis (Scheme 1)
(Pinto et al. 2000a, b; Barros and Silva 2006, 2009).
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Scheme 2 Synthesis of flavones 17, 19 and (E)-2-styrylchromones 18, 20 by cyclodehydrogenation
of the corresponding 2’-hydroxychalcones 15 and 2’-hydroxy-2-cinnamylideneacetophenones 16

As mentioned previously, the oxidative ring closure of the appropriate
2/-hydroxychalcones and 2’-hydroxy-2-cinnamylideneacetophenones is another
important well-documented approach toward flavones and (E)-2-styrylchromones
synthesis. Various reagent systems are known for the oxidative cyclization of
the 2’-hydroxychalcones 15 to the corresponding flavones 17, namely disulfides
(Hoshino et al. 1986), sodium periodate (Hans and Grover 1993), hypervalent
iodine reagents (Gulacsi et al. 1998), DDQ (Chan et al. 2006), oxalic acid (Zambare
et al. 2009), Wacker—Cook-related oxidation (Lorenz et al. 2010), and finally sele-
nium dioxide (Gupta et al. 2000). Nevertheless, the use of molecular iodine/DMSO
system seems to be more flexible for its lower toxicity and cost, leading to better
yields and shorter reaction times. Further systematic studies have been conducted
by Silva et al. disclosing scopes and limits of this method (Silva et al. 1997; Patonay
et al. 1997). Yet, the most important aspect of their work was the successful applica-
tion of this methodology to the synthesis of flavones 17 and (E)-2-styrylchromones
18, via the oxidative ring closure of the 2’-hydroxychalcones 15 and 2’-hydroxy-
2-cinnamylideneacetophenones 16 in 30 min. Also 5-hydroxyflavones 19 and (E)-5-
hydroxy-2-styrylchromones 20 have been similarly produced but lasting a longer
reaction time (Scheme 2) (Silva et al. 1994, 1998).
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3 Stilbenes, Resveratrol, and More Active Synthetic
Derivatives

The stilbene skeleton consists in a C=C double bond linking two aromatic rings
and presents two diastereomeric forms, E-1,2-diphenylethylene (E-stilbene) and
Z-1,2-diphenylethylene (Z-stilbene) (Fig. 4). The name ‘stilbene’ is also used to
design the class of its poly-substituted hydroxy- and alkoxy-derivatives which
are natural occurring phenolic compounds present in many families of plants.
The most fascinating example is resveratrol 21 (Fig. 5), isolated from red fruits
and different plants. Resveratrol (Z-3, 5, 4'-trihydroxystilbene) 21 is an abundant
phytochemical of grape skins and therefore present in red wine (Likhtenshtein
2010). In the mid-1990s, resveratrol 21 was identified as one of the possible fac-
tors responsible for the “French Paradox”. Numerous biomedical studies have
been carried out on the pharmacological properties of 21 and its health benefits
on humans. The discovery of David Sinclair’s research group (Howitz et al. 2003;
Wood et al. 2004) at Harvard University in 2003, that resveratrol 21 extends lifes-
pan in yeast, was a step forward making resveratrol a sole biological active agent
and chief leader of polyphenolic compounds. An overview of resveratrol 21 and its
biological properties is presented in Sect. 4.1.4.

On the other side, the great attention devoted to resveratrol 21 due to its
unique biological properties, does not really make it so exceptional because sev-
eral of its synthetic analogs demonstrate better biological applications. Various
operative challenges are faced in achieving the isolation of 21 in sufficient quan-
tity from natural sources. Furthermore, its limited bioavailability in the blood
circulation is seen as the main obstacle for therapeutic use. For such reasons,
many researchers directed their attention toward the synthetic derivatives aim-
ing the production of biologically more active agents. The elaboration of new
stilbene derivatives was mainly based on modifying some structural features, for
example, the number and position of the hydroxyl and other functional groups
on the stilbene skeleton. Thakkar et al. was the first to describe the synthesis
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of piceatannol 22 and other polyhydroxylated analogs, which presented antipro-
liferative action on leukemic cells. Other synthetic substituted (hydroxy, meth-
oxy, fluoro) stilbenes have been evaluated on tumor cell lines [HCT-56 (colon),
MDA-MB-468 (breast)], revealing better antiproliferative effect of the 3,3’-dihy-
droxystilbene 23 (Glso = 2.7 uM) compared to resveratrol 21 (Glsp = 41 uM)
(Fig. 5) (Thakkar et al. 1993). An established structure—antioxidant activity rela-
tionship of polyhydroxystilbenes showed great dependency on the number and
relative position of their hydroxyl groups (Lion et al. 2005; Zhou and Liu 2005).
Thus, 3,4-dihydroxystilbene 24 proves to have better antioxidant properties than
trans-resveratrol 21, however, in the stilbenes’ case, the presence of a catechol
moiety does not justify properly the antioxidant capacity of 24 since 4,4’-dihy-
droxystilbene 25 is even more powerful (Fig. 5). Besides, a clear observation
was made on the presence of the para-hydroxyl function which greatly influ-
ences the antioxidant activity of stilbenes as confirmed by comparative results
evaluated on the non-para-substituted derivatives (Fan et al. 2009; Petralia et al.
2004). Methoxy- and ethoxy-stilbenes have been tested on both NF-kB and
TPA-induced activation of AP-1 pathways, revealing higher inhibitions than res-
veratrol 21. In terms of structure—biological activity relationship, the absence
of the para-hydroxyl function, in this case, does not explain the pro-apoptotic
activity and its association with an inexistent antioxidant potential (Deck et al.
2008).

The construction of organic hybrids between resveratrol and other scaffolds
consist of a new strategy toward new biological target design. As resveratrol 21
bioavailability is low in the organism and promptly metabolized, Hauss et al.
(2007) focused on the increasing its presence in the blood circulation. Hence, the
combination of the neuroregenerative properties of fatty alcohols with the neuro-
protective properties of resveratrol 21 resulted in effective series of compounds
with a dual biological activity and high metabolic resistance. The antiprolifera-
tive effects of phosphoric amino acids coupled to stilbenes were found 15 times
more potent than 21, as a result of CNE-1 and CNE-2 cell lines evaluation (Liu
et al. 2008a). 21 was also functionalized by triphenylphosphonium iodide in order
to confer a better solubility to the whole molecule in the mitochondrial medium
and therefore a better inhibition of several tumor cell lines was observed (Biasutto
et al. 2008). Resveratrol oligomers have been largely ignored despite their high
biological activity. A recent report on a programmable, controlled, and potentially
scalable synthesis of the resveratrol family via a three-stage design has been pub-
lished (Snyder et al. 2011).

The C=C double bond of the stilbene skeleton is stabilized by conjugation
electronic effects, making it more resistant to hydrolysis or other addition-type
reaction and oxidative cleavages. Several strategies have been reported to build
this relevant C=C double bond. The Julia olefination, for instance, is one of the
C—C simple-bond formation reaction implicating the reaction of phenyl sulfones
26 with aldehydes (or ketones) 27 (Julia and Paris 1973). Under basic conditions,
the obtained sulfinate 28 yield the alkene structure after a Smiles rearrangement
and spontaneous reductive elimination of the phenolate 29 accompanied by sulfur
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Scheme 3 Synthesis of stilbenes by the Julia olefination

dioxide release (Scheme 3). This transformation highly favors the formation of the
E-alkene 30. Thus different stilbenes have been diastereoselectively obtained by
this method (Alonso et al. 2004).

The Wittig reaction is largely known to produce a C=C double bond by cou-
pling an aldehyde (or ketone) with a phosphorous ylide giving rise to an alkene
and triphenylphosphine oxide. In this regard, stilbenes are usually synthesized via
Wittig coupling reaction of aldehydes with substituted benzylic ylides, which tends
to afford the thermodynamically stable E-products (Vedejs et al. 1993). The Wittig
reaction is usually carried out in basic media, therefore, the presence of hydroxyl
groups on both of the starting materials (aldehyde 33 and phosphine ylides 34) can
induce some problems due to the labile protons. In case of resveratrol 21 or similar
bioactive polyhydroxylated derivatives (e.g., piceatannol 22), the synthetic proce-
dure start by an initial hydroxyl-protection step of the Wittig reaction partners 31,
32 using appropriate protecting groups, such as methyl, trimethylsilyl, acetyl, etc.
The required cleavage of these protecting groups at the end of the synthesis can
cause some further problems. Pettit et al. have used #-butyldimethysilyl (TBDMS)
as a protecting group (air-stable and easily cleaved with BusNF) to achieve the
production of a series of stilbenes 35 (mixture of separable £ and Z isomers)
(Scheme 4). These compounds have been assessed for their therapeutic effects
in some cell line targets and allowed to establish a structure-activity relationship
(Pettit et al. 1995, 2002). Interestingly, a set of antimicrobial resveratrol derivatives
have also been elaborated using the Wittig olefination (Albert et al. 2011).

A multi-component strategy was developed by Hilt et al. involving a cobalt(I)-
catalyzed Diels—Alder reaction of propargylic phosphonium salts 36 (or higher
homologs) with 1,3-dienes 37 leading to dihydroaromatic phosphonium salt inter-
mediates which underwent in sifu a one-pot Wittig-type olefination reaction with
aldehydes 38. Subsequent oxidation led to stilbene-type products 39. The semi-
stabilized dihydroaromatic phosphonium ylides intermediates are predominantly
leading to the E-configured products (Scheme 5) (Hilt and Hengst 2007).

The Horner—Wadsworth—Emmons reaction is an alternative of the Wittig cou-
pling reaction using stabilized phosphonate carbanions derived from 40 brought
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Scheme 5 A concise synthesis of substituted stilbenes by a cobalt(I)-catalyzed Diels-Alder/Wittig
olefination reaction sequence starting from propargylic phosphonium salts
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Scheme 6 Synthesis of stilbenes through the Horner—Wadsworth—-Emmons reaction
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Scheme 7 Synthesis of stilbenes through the McMurry reaction

to react with aldehyde derivatives producing predominantly the E-alkenes 41
(Scheme 6). Due to this advantage, its application on the stilbene synthesis has
been developed (Thakkar et al. 1993; Lion et al. 2005).

More C=C bond formation procedures have been used in the synthesis of stilbenes.
In the McMurry reaction, two aromatic aldehydes or ketones are coupled to give the
corresponding alkene using titanium(III) chloride and a reducing agent. The Z-stilbene
skeleton 42 is predominantly obtained when coupling benzaldehyde derivatives using
McMurry’s conditions (Scheme 7) (McMurry and Fleming 1974; Rele et al. 2008).
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Scheme 9 Synthesis of stilbenes involving a Suzuki cross-coupling reaction

The Sonogashira cross-coupling reaction aims the formation of carbon—carbon
bonds by the reaction of a terminal alkyne and an aryl or vinyl halide using a
palladium catalyst. The resulting substituted alkyne is potential precursors for
the synthesis of stilbenes. An example for the E-piceatannol 22 synthesis was
described starting from vanillin. A one-step transformation of the para-pro-
tected-vanillin 43 to the corresponding terminal-alkyne 44, was followed by the
Sonogashira cross-coupling reaction with the appropriate 3,5-dimethoxyiodoben-
zene to afford the desired alkyne 45. This latter compound was subjected to bro-
mination to give selectively the E-dibromostilbene 46 and finally transformed to
E-piceatannol 22 by a reductive debromination and deprotection of the phenolic
functions (Scheme 8) (Han et al. 2008).

The Suzuki cross-coupling reaction is another palladium catalyzed transforma-
tion of aryl boronic acids 47 (or vinylboronic acids) into alkenes by reacting with
vinyl halides 48 (or aryl halides). It is widely used to synthesize poly-olefins like
styrenes 49 and substituted biphenyls, therefore, its application on the stilbene
synthesis can be of a great interest. Some synthetic derivatives of resveratrol have
been elaborated by this method (Scheme 9) (Eddarir et al. 2001).

The Heck reaction is another important synthetic access to substituted alkenes.
It consists in the coupling of an aryl halide (or triflate) 50 with an alkene 51
catalyzed by palladium reagents under basic conditions. Comparing to the other
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Scheme 10 Synthesis of stilbenes involving a Heck reaction

palladium-catalyzed cross-coupling reactions (Sonogashira and Suzuki), this reac-
tion allows a concrete diastereoselective elaboration of resveratrol 21 (Scheme 10)
(Guiso et al. 2002).

4 Nutritional Antioxidant Phenolic Compounds
in Daily Life

Exceptive epidemiological studies agree that human diet rich in fruit, vegetables,
and plant-derived foods decrease diseases incidence, like cardiovascular dis-
eases (CVD) (Valko et al. 2007; de Pascual-Teresa et al. 2010; Loke et al. 2010;
Berthelot-Garcias et al. 2009) diabetes (Ferruzzi 2010), cancer (Serafini 2004),
and stroke (Bejot et al. 2009), which are the most common and the main world-
wide death causes recorded in the past few years. According to some statistics of
2003, 44 % of worldwide deaths were related to acute myocardial infarction, 33 %
to stroke, and 23 % to arterial hypertension or to other CVDs, such as pulmonary
embolism and causes of heart failure. Age, male sex, smoking, increase in LDL-
cholesterol, and type 2 diabetes, together with familial antecedents, lack of physi-
cal training, android obesity, and menopause are the main risk factors predisposed
to CVD (Berthelot-Garcias et al. 2009).

Many reports associated the benefit of fruits, vegetables, and plants with their
antioxidant polyphenolic content (Gerhaeuser 2001; Loke et al. 2010; Zloch 1996;
Visioli et al. 2000). Polyphenolic compounds are ubiquitous in all plant organs and
constitute, therefore, an integral part of the human diet. Despite their lifestyle and
food fashion differences, most people have the tendency toward processed drinks
and dairy products rather than taking raw fruits and vegetables. Many examples of
our actual eating habits support this social observation, like the open day coffee
or tea. Usually, lunch or dinner time is accompanied by wine, spirits, and beers,
whereas at any time abnormal quantities of various attractive colored and tasty
products are consumed like chocolates, cakes, and candies (Holdsworth 2008).
In fact, although these products are submitted to food processing that definitely
causes modifications in the initial raw material (for example, production of black
tea, roasted coffee, matured wines, production of chocolate, jam, etc.,) (Ferruzzi
2010; Dominguez-Perles et al. 2011; Kaack and Christensen 2010; Nishiyama
et al. 2010; Lee et al. 2008; Negukhula et al. 2011) they play an enormous role
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as major human dietary polyphenolic sources. The daily intake of polyphenolic
compounds (up to 1 g) has shown a relationship with reduced risk of CVDs and
cancer prevention. Also, recent epidemiologic data further support the associa-
tion of polyphenols to their antioxidant action but very restrictive and even with-
out providing clear evidence of the contradictory properties of these compounds
widely spread in our diet (Barbosa 2007; Galati and O’Brien 2004; Gerhaeuser
2001; Serafini 2004).

Polyphenolic compounds display multiple structure conditioned interactions
with various biomolecules, namely the activity modulation of various enzyme
systems. In the diet they act mostly as health promoting factors during various
chemical and physical stresses of the organism. They are antiatherogenic and
anticarcinogenic, on the principle of inhibition of oxidative destruction of vari-
ous biological structures, inhibition of processes of bioactivation of carcinogens,
blocking LDL oxidation, and stimulating the activity of antioxidant and detoxica-
tion enzymes. Some of them have shown some mutagenic properties in genotoxic-
ity tests. However, results of animal experiments and epidemiological studies do
not confirm the risk of neoplastic disease in subjects with a normal intake of these
substances. The use of the health promoting properties of polyphenols isolated
from plants and their administration in a pure state is not foreseen. However, under
certain conditions it is desirable to increase the consumption of foods which are
important sources of these substances (Zloch 1996).

Initially, the protective effect of dietary polyphenolic compounds was thought
to be due to their antioxidant properties which result in a lowering of the free radi-
cals levels within the body (Fernandez-Panchon et al. 2008). There is now emerg-
ing evidence that the metabolites of dietary polyphenolic compounds, which
appear in the circulatory system in low concentrations, exert modulatory effects in
cells through selective actions on different components of the intracellular signal-
ing cascades vital for cellular functions, such as growth, proliferation, and apop-
tosis. In addition, the intracellular concentrations required to affect cell signaling
pathways are considerably lower than those required to impact on antioxidant
capacity (Crozier et al. 2009).

“An increased intake of dietary antioxidant polyphenols may protect against
CVDs!” This possibility has always been considered in many research works due
to the antioxidant property of polyphenols in one hand, and the oxidative events
in vivo which may play a role in the pathogenesis of atherosclerosis in the other
hand. In this regard, vitamins E and C are mostly known as potent antioxidant
agents, while a slight to progressive knowledge has been reported about the simi-
lar antioxidant role of plant-derived polyphenolic compounds, especially, flavo-
noids and stilbenes. These two well-known families have been our previous case
of discussion because of their bioavailability in our daily food. They are mostly
reported to be members of red wines and teas compositions and therefore these
common beverages should be exciting examples to be treated due to people’s pref-
erences. French Paradox at a relaxed tea time is a social circumstance that can be
interpreted to a scientific dialogue on health promoting food and nutrition. The
reader of this chapter can probably be without any tendency toward these two
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popular beverages and, therefore, other tasty dietary sources are brought up in this
subject in order to satisfy not only the food desire but also to enrich the scientific
background.

4.1 A Red Wine Desire or in a Tea Mood?

At the pub, maybe the choice between ordering a cup of red wine or tea can be
without great importance because this depends only on people’s minds. However,
in a bioanalytical laboratory, scientists cannot choose between them since both
offer valuable phytochemical compositions taking into account their uncount-
able biological properties. In this part, a major discussion is presented on the
French Paradox concept while having a relaxed tea time. These two popular bev-
erages have been subjects of many recent works treating their health promotion
and antioxidant effects, based on different new clinical trials and ancient epide-
miological data. A knowledge update on the cardiovascular effects and cancer
prevention of pure anthocyanins, proanthocyanidins, catechins, and stilbenes, as
the main phytochemicals of red wine and tea, is being described. Basic informa-
tion, some key molecule structures, in vitro and in vivo biological evaluation and
clinical studies on both of the two beverages including their isolated phytochemi-
cals are also indicated. The exceptional stilbene resveratrol 21 will take a great
part of our discussion with an up-to-date overview on its biological manifestations
contributing to the French Paradox explanation. Necessary data are mentioned in
order to understand these polyphenols’ role in reducing risk factors and prevent-
ing cardiovascular health problems through different aspects of their bioefficacy
on vascular parameters such as platelet aggregation, atherosclerosis, antioxidant
status (Sparwel et al. 2009; Cooper et al. 2004; de Lange et al. 2007) blood pres-
sure (Kappagoda et al. 2000), inflammation, myocardial conditions, and whole-
body metabolism (Dixon et al. 2002). Better designed clinical studies are strongly
required to improve the current knowledge on the potential health benefits of these
polyphenols on cardiovascular and metabolic health (Sun et al. 2002).

4.1.1 The French Paradox, History, and Actuality

An old friendship and cultural history are known between red wine and mankind
dating back thousands of years. It was known and very common in many ancient
civilizations having an important role in religions as well. For a long time, people
admire drinking a lot of wine ignoring that its abuse has serious effects on physi-
cal and mental health and causes acute and chronic damage. But, in fact, light to
moderate intake of red wine can be beneficial in healthy individuals, which was
also observed in antiquity. Red wine was even used in ointments for its disinfect-
ant effects and maybe due to its alcohol content (Feher et al. 2007). In the Muslim
society, although drinking wine is absolutely inadmissible and considered a sin for
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socio-religious reasons, a meaningful sentence in the Quran (the religious Islamic
book) refers to its health effects on humans. The phenomena established in the
French Paradox can also explain the positive effects of red wine, notably on high
fatty diet French society. Behind these social, historical, and philosophical circum-
stances, enormous research efforts have been conducted toward a real scientific
explanation.

The French Paradox was coined in the 1990s explaining the reason for the rela-
tively low incidence of cardiovascular disease in the French population, despite
a relatively high dietary intake of saturated fats. This was potentially attribut-
able to moderate consumption of red wine (Lippi et al. 2010; Yoo et al. 2010).
Statistical observations are leading to some explanations of the French Paradox
(Bejot et al. 2009; Tunstall-Pedoe 2008). An evident inverse relationship between
moderate wine consumption and coronary artery disease mortality was observed
in France with an approximate mortality rate of 50 % compared to other European
countries and the United States (Rosenkranz et al. 2002). Over the last 20 years,
considerable amount of studies investigated the crucial biological actions and
clinical associations of red wine consumption with cardiovascular disease and
mortality. The putative cardioprotective effects of alcohol and other substances in
alcoholic beverages have been discussed taking into account the French Paradox.
Accordingly, our literature survey is quoting various hypotheses that explain the
protective effects of moderate intake of red wine which offers a polyvalence of
biological effects targeting all phases of the atherosclerotic process. Taking into
account its polyphenolic profile, red wine favors a decrease of oxidative stress,
enhance cholesterol efflux from vessel and inhibit lipoproteins LDL oxidation,
macrophage cholesterol accumulation, and foam-cell formation (De Gaetano et al.
2005; Vidavalur et al. 2006; Zern and Fernandez 2005; Szmitko and Verma 2005;
Raghava 1993; Howard et al. 2002; Shrikhande 2000) increase antioxidant capac-
ity in humans (Logan et al. 2008; Pinzani et al. 2010; de Gaulejac et al. 1999) and
reduce susceptibility of human plasma to lipid peroxidation (Barbaste et al. 2002;
Belleville 2002). Red wine may also increase nitric oxide bioavailability, thereby
antagonizing the development of endothelial dysfunction and improved endothe-
lial function, decrease blood viscosity, improve insulin sensitivity, counteract
platelet hyperactivity, inhibit platelet aggregation and platelet adhesion to fibrino-
gen-coated surfaces, and decrease plasma levels of von Willebrand factor, fibrino-
gen, and coagulation factor VII (Providencia 2006). Many reports also consider
reactive oxygen species or free radical oxidations to be responsible for the accom-
panying disorders of most pathologies including CVDs, aging, and cancer. Hence,
it is conceivable that natural plant metabolites such as polyphenols are likely to
play an important role in ensuring this protection. Indeed, not only their presence,
particularly high amounts and varieties in our daily food, especially in red wine,
but also, their very potent antioxidant or radical scavenging properties are making
polyphenols the best contributing for the paradoxical part of the French Paradox
(Chong-Han 2010).

Some recent opinions are against the French Paradox concept since it was
relatively observed that French coronary heart disease rates are not so low, nor
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fat diet intake so high, nor the diet-heart concept so unique, as to support the
French Paradox any further, except as cultural whimsy or a marketing stratagem
(Ducimetiere 2008). In fact, many other countries worldwide record low coro-
nary heart disease rate as red wine consumption is not so popular. Overweight
and increased cardiovascular mortality are some of the negative results attributed
to red wine consumption and therefore, other opinions disagree totally with the
idea of the healthy cup of red wine (Hu 2005). Of course, evidence is present
for and against the French Paradox hypothesis, while strong epidemiological data
favor the specific cardiovascular benefit of red wine which could at least explain
it, while, epidemiological and mechanistic evidence proved that the alcohol
intake is not without a degree of risk on healthy humans. More convincing evi-
dence is that human studies with de-alcoholized red wine show short-term car-
diovascular benefits. The specific components of the de-alcoholized wine that are
active on cardiovascular endpoints are the polyphenols found in red wine (Vinson
et al. 2001).

Further, Paradox states are linked to alcohol consumption, which, on one
side, was associated with incidence of type 2 diabetes and cardiovascular dis-
ease in type 2 diabetes, while at the opposite side, a number of reports consist-
ently suggest that the acute effect of alcohol induces a state of insulin resistance
and improvement in insulin sensitivity (Zilkens and Puddey 2003). Difficulties are
encountered to explain the effect of alcohol on risk factors associated with CVDs
by a uniform biochemical mechanism. Moreover, its protective effects are counter-
balanced by its addictive properties (Barbaste et al. 2002; Belleville 2002; Brenner
et al. 2001; Iijima et al. 2000, 2002).

Although the majority of the scientific reports are in favor of beneficial cardio-
vascular effects related to the moderate red wine consumption, no one has yet con-
sidered the limit scale of red wine consumption for healthy individuals (Lippi et al.
2010). The limit line between ‘moderate’ and ‘excessive’ consumption is literary
understandable but since red wine displays positive and negative effects, this limit
line becomes a mathematical equation to be solved in order to determine whether or
not one cup (or more, or less) is the appropriate amount for healthy people (Mudry
2010; Goldfinger 2003). In connection, Cordova et al. suggested to prescribe one or
two drinks of red wine every day with meals for patients. This may translate to a
longer, healthier, and better quality of life (Cordova and Sumpio 2009). This scien-
tific prescription was based on the polyphenolic compounds responsible for these
biological effects, including flavonoids and stilbenes, which are more abundant in
red wine than in other beverages. However, this conclusion seems to be premature
because no significant bioactive evidence of wine polyphenols has been shown
in humans so far. Available data, justify the results of reduced cardiovascular risk
and moderate consumption of red wine, but it was also associated with detrimen-
tal effects in pregnant women, in children, and in patients with various organic dis-
eases, particularly hepatic, as well as in the case of regular administration of certain
medicines (Feher et al. 2007; van de Wiel and de Lange 2008). International com-
parisons, starting from 1819, shows that a cup of red wine has a main role on indi-
vidual’s health without ignoring that a bottle should not be healthier (Yoo et al. 2010;
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Chetreanu and Iliescu 2009). The French Paradox may have its basis within a milieu
containing several key molecules exhibiting several biological actions coupled with
probable or visible side effects. That is why its favorable cardiovascular benefits
might be attributable to combined, additive, or perhaps synergistic effects of ethanol
and other wine ingredients such as resveratrol 21.

We have generalized the beneficial actions related to red wine as a whole bever-
age, but in fact a cup of red wine is composed of several individual components and
each of the component display its specific biological role. In vivo evidences of red
wine isolated and purified products have only been recently published consisting of
a new background which may help to a better understanding of the French Paradox.

The oxidation of human Low Density Lipoproteins (or LDL) is responsi-
ble for atherosclerosis and arterial damage increase. In fact, molecules absorp-
tion through cell membrane (such as LDL and other proteins) has to be strictly
regulated. This process known as endocytosis used by all cells of the body, can
be enhanced in case of oxidised LDL which are not capable to pass through the
hydrophobic plasma or cell membrane and cause accumulations in favor of ath-
eroma and platelet aggregates formation. These are considered as primary risk
factors of cardiovascular complications (Berthelot-Garcias et al. 2009; Zern and
Fernandez 2005; Raghava 1993). Lectin-like oxidized LDL receptor-1 (LOX-1) is
an endothelial receptor for oxidized LDL (ox-LDL) and plays multiple roles in the
development of cardiovascular diseases. A chronic administration of purified oli-
gomeric procyanidins from grapes and apples inhibit lipid accumulation in vascu-
lar wall in hypertensive rats fed with high fat diet. These results show the selective
LOX-1 inhibition by procyanidins but not any other polyphenols (Howard et al.
2002; Nishizuka et al. 2011). This potent inhibition capacity can be particular evi-
dence underlying the mechanism of the vascular action of red wine procyanidins
as derived from red grapes.

Actual findings attribute the low incidence of cardiovascular disorders espe-
cially in Mediterranean countries to the antioxidant capacity of red wine polyphe-
nols. Conceivably, other anti-inflammatory pathways may contribute to at least a
similar extent to the atheroprotective activity of these polyphenols. Investigations
have confirmed that gallic acid 52 (Fig. 6), an abundant red wine polyphe-
nol, modulates the activity of P-selectin, an adhesion molecule that is critically
involved in the recruitment of inflammatory cells to the vessel wall and thus in
atherosclerosis, by binding and antagonizing this protein (Appeldoorn et al. 2005).

The protective effect of red wine on thrombosis is clinical evidence toward the
concept of the French Paradox. Alcohol-free red wine supplementation almost
completely reverted the prothrombotic effect of the cholesterol-rich-diet in
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experimental animals, supporting the concept of the French Paradox that regular
consumption of wine (rather than alcohol) was able to prevent arterial thrombosis
associated with dietary-induced hypercholesterolemia, an effect mediated by down
regulation of platelet function (De Curtis et al. 2005).

Rosenkranz et al., have comparatively demonstrated that pre-incubation of vas-
cular smooth muscle cells (VSMCs) with red wine, but not white wine, inhibits
ligand binding and the subsequent tyrosine phosphorylation of the platelet-derived
growth factor beta receptor (beta-PDGFR), which plays a critical role in the patho-
genesis of atherosclerosis. Analytical data revealed flavonoids of the catechin
base-structure 53 (Fig. 6) as major constituents of red wine and potent inhibitors
of beta-PDGFR signaling. Importantly, the concentrations of red wine/catechins
necessary to inhibit the PDGFR in vitro correlate with the serum levels after red
wine consumption in humans. It was then concluded that non-alcoholic constitu-
ents of red wine, which accumulate during the mash fermentation, inhibit beta-
PDGFR activation and PDGF-dependent cellular responses in VSMCs. Hence,
catechin-mediated inhibition of beta-PDGFR signaling constitutes one of the
molecular explanations for the French Paradox (Rosenkranz et al. 2002).

Several animal and epidemiological studies suggest that red wine polyphenol con-
stituents possess antioxidant activities that favor protection against cardiovascular and,
probably, central nervous system disorders, such as Alzheimer’s disease (AD) and
ischemia. Bastianetto et al. studied the potential of the three major red wine derived-
polyphenols resveratrol 21, quercetin 54, and (4-)-catechin 53 to protect cultured rat
hippocampus cells against toxicity induced by the nitric oxide free radical donors,
sodium nitroprusside (SNP), and 3-morpholinosydnonimine (SIN-1) (Bastianetto et al.
2000). Among the phenolic compounds tested, only the flavonoids afforded significant
protection against SIN-1-induced toxicity (5 mM). The effects of phenolic constituents
were shared by Trolox (100 M), a vitamin E analog, but not by selective inhibitors of
cyclooxygenases (COX) and lipoxygenases (LOX). These results suggest that the neu-
roprotective abilities of quercetin 54, resveratrol 21, and (+)-catechin 53 result from
their antioxidant properties rather than from their supposed inhibitory effects on intra-
cellular enzymes such as COX, LOX, or nitric oxide synthase. Quercetin 54 (Fig. 6),
however, may also act via protein kinase C (PKC) to produce its protective effects
(Bastianetto et al. 2000; Rendig et al. 2001).

Rabai et al. (2010) showed that red wine and alcohol-free red wine have some
beneficial effects on hemorheological parameters. These effects may play a role in
the pathophysiology of the French Paradox regarding the cardiovascular protective
impacts of red wine. The opening of mitochondrial KATP channels was obtained by a
non-alcoholic red wine extract in guinea pigs, Therefore, this effect was prevented by
the mitochondrial KATP channel blocker 5-hydroxydecanoate, confirming this sub-
cellular mechanism as underlying the French Paradox (Aiello and Cingolani 2011).

A recent report demonstrated that red wine anthocyanins are rapidly absorbed
in humans and affect monocyte chemoattractant protein 1 levels and antioxidant
capacity of plasma (Garcia-Alonso et al. 2009). These interesting red wine phytho-
chemicals have been previously proved to have a great participation in the whole
antioxidant activity (Rivero-Perez et al. 2008).
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4.1.2 The Tea Society

Diseases incidence and diet modes are geographically distributed in the world. We
always focus on the diet mode of a population in order to explain certain low rate
disease incidences in specific geographical parts. A similar situation, like in France,
can be observed in countries like China, India, and most of Middle East Arabian
countries, in which, the cancer incidence is relatively low comparing to the Europe
and Western countries. If we want to mimic the French Paradox, in this case, the
cup of tea replaces red wine. Tea drinks are diverse and very popular in the world,
usually prepared by infusion of different tea herbs; green and black teas (Camellia
sinensis family: (L.) Kuntze Theaceae) (Dominguez-Perles et al. 2011; Yao et al.
2006; Wang and Ho 2009). A wide occurrence of structurally diverse polyphenols
is known throughout the plant kingdom. Recent interest on tea varieties from differ-
ent geographical parts has increased greatly because of the antioxidant and free rad-
ical-scavenging abilities associated with some phenolics and their potential effects
on human health (Armoskaite et al. 2011; Atoui et al. 2005; Black et al. 2011; Wu
et al. 2010; Thuong et al. 2009; Terasawa and Yamazaki 2002; Viveros-Valdez et al.
2008; Jayasekera et al. 2011; Nuengchamnong et al. 2011; Omar et al. 2011; Wu
et al. 2012; Etoh et al. 2004; Komes et al. 2010; Lee et al. 2006; Liu et al. 2009; Zhu
et al. 2002; Unachukwu et al. 2010; Rechner et al. 2002; Rusak et al. 2008; Su et al.
2007; de Mejia et al. 2010; McKay and Blumberg 2006; Kulisic-Bilusic et al. 2008;
Dominguez-Perles et al. 2012; Fale et al. 2011; Banerjee et al. 2010; AlGamdi et al.
2011; Ariffin et al. 2011; Bueyuekbalci and El 2008; Chen et al. 2012).

Catechins are the major class of polyphenols found in great amounts in green
tea and, therefore, a scientific attention was paid to the regular consumption
of green tea and its relation with atherosclerosis and cancer prevention (Salucci
et al. 2002; de Mejia et al. 2010; Ishii et al. 2010; Carvalho et al. 2010). Green tea
polyphenols have been proposed to exert protective effects against several types
of cancer, based on preclinical and clinical trial data. Green tea extracts strongly
inhibited the growth of renal carcinoma cell lines in a concentration-dependent
manner. This is the first report showing that green tea is likely to be an effective
anticancer agent for renal cell carcinoma (Carvalho et al. 2010). Tea catechins
and tea catechin metabolites/catabolites are bioavailable in the systemic circula-
tion after oral intake of green tea or green tea catechins. The metabolites/catabo-
lites identified in humans include glucuronide/sulfate conjugates, methylated tea
catechin conjugates, and microflora-mediated ring fission products and phenolic
acid catabolites. Plasma levels of unchanged tea catechins in humans are mostly
in the sub-uM or nM concentration range, which is much lower than the effec-
tive concentrations determined in most in vitro studies. However, some of the cat-
echin metabolites/catabolites are present in the systemic circulation at levels much
higher than those of the parent catechins. The contribution of catechin derived
metabolites/catabolites to the biological effects associated with green tea is not yet
defined. A limited number of chemoprevention trials of green tea or green tea cat-
echins have been conducted to date and have shown potential preventive activity
for oral, prostate, and colorectal cancer (Chow and Hakim 2011).
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Fig. 7 Structures of catechin derivatives found in tea

The amounts of phenolics and flavonoid in the herbal green tea infusions were
highly correlated with their anti-glycation activity (Bueyuekbalci and El 2008;
Azevedo et al. 2011; Ho et al. 2010; Ankolekar et al. 2011). Thus, these com-
pounds, like other that inhibit the formation of advanced glycation end-products,
are supposed to have therapeutic potentials in patients with diabetes or age-related
diseases.

Green tea might also be utilized as a natural antimicrobial agent to inactivate
Vibrio parahaemolyticus in oysters and extend the shelf life during refrigera-
tion storage (Xi et al. 2012). The green tea polyphenolic compounds treatment
may be a useful method for preserving the human saphenous vein and could be
exploited to craft strategies for the long-term preservation of other tissues under
physiological conditions (Han et al. 2005). The ingestion of either green tea or
black tea results in a major increase in the excretion of hippuric acid into urine
(Mulder et al. 2005). Both black and green tea extracts may have synergistic or
antagonistic effects on certain anti-streptococcal antibiotics. These effects are
more prominent with black tea (Neyestani et al. 2007). Also, black tea extract
has selective pro-inflammatory cytokine-suppressing effects on human periph-
eral blood mononuclear cells (Neyestani et al. 2009). Phytochemicals from
Chinese herb teas showed antioxidant activity and inhibition of hepatoma cell
proliferation in vitro assays, exhibiting a great potential as new nutraceutical
agents (Li et al. 2009).

Besides their flavor fingerprint composed of terpenoids (Pripdeevech and
Machan 2011) many kinds of teas display a variety of antioxidant flavonoids,
especially, the flavanol subclass represented by catechins, namely epigallocatechin
gallate (EGCG) 585, epigallocatechin (EGC) 56, epicatechin (EC) 57, epicatechin
gallate (ECG) 58, and gallocatechin gallate (GCG) 59 (Fig. 7) (Amarowicz and
Shahidi 1996; Williamson et al. 2011; Wu et al. 2011; Song et al. 2011; Dalluge
and Nelson 2000; Karori et al. 2007; Kodama et al. 2010; Zuo et al. 2002; Zhu
et al. 2009; Galati et al. 2006). According to a new phytochemical report on
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Taiwan’s teas (Wu et al. 2011; Wang et al. 2006) green tea drinks are found to
contain the highest level of these major components comparing to other types,
like oolong and black teas. The scavenging abilities against 1,1-diphenyl-2-pic-
rylhydrazyl (DPPH) and 2,2’-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid)
(ABTS) radicals, used to determine the antioxidant potential of tea drinks, result-
ing in a higher free radical scavenging activity of the green tea. Total phenolics,
total catechins, and EGC 56 of tea drinks were positively and significantly cor-
related (r > 0.8) to the scavenging abilities against DPPH and ABTS radicals (Wu
et al. 2011). Total antioxidant capacities of herbal green tea extracts were further
confirmed by other different assays including, trolox equivalent antioxidant capac-
ity (TEAC) and oxygen radical absorbance capacity (ORAC) (Tsai et al. 2008).
Complimentary studies suggest that iron may modify the antioxidant properties
of phenolic compounds when adding to green tea, being noticed a decrease of its
antioxidant capacity in rats after an oral dose of the mixture. However, further
studies on the effect of iron on the bioavailability and the antioxidant capacity of
phenolic compounds are required (Kapsokefalou et al. 2006).

Further recent knowledge was published on the antioxidant capability of
green tea polyphenols, underlying the mechanism of antioxidant antagonism
in peroxidising liposomes with B-carotene radical cation addition. The previ-
ously mentioned green tea catechins, including EC, EGC, ECG, and EGCG, all
showed antioxidant effect in liposomes for lipid oxidation initiated in the lipid
phase (antioxidant efficiency EC > EGCG > ECG > EGC) or in the aqueous
phase (EC > EGC > EGCG > ECGQG) as monitored by the formation of conjugated
dienes. For initiation in the lipid phase, it is suggested that the p-carotene radical
cation is rather reacting with the tea polyphenols through addition, in effect pre-
venting regeneration of f-carotene as an active lipid phase antioxidant and leading
to the observed antagonism with the polyphenols (EC > ECG > EGCG > EGC)
(Song et al. 2011).

Tea phenolic acids along with the some previously highlighted catechins
containing gallic acid moieties display further medical benefits. The cytotox-
icity of these tea phenolic components toward isolated rat hepatocytes have
been evaluated (epigallocatechin-3-gallate > propyl gallate > epicatechin-
3-gallate > gallic acid, epigallocatechin > epicatechin). Using gallic acid as
a model tea phenolic and comparing it with the tea catechins and gallic acid-
derivative food supplements, the major cytotoxic mechanism found with hepat-
ocytes was mitochondrial membrane potential collapse and ROS formation.
Epigallocatechin-3-gallate was the most effective at collapsing the mitochon-
drial membrane potential and inducing ROS formation. Liver injury was also
observed in vivo when these tea phenolics were administered into mice. In con-
trast, GSH conjugation, methylation, metabolism by NAD(P)H:quinone oxidore-
ductase 1, and formation of an iron complex were important in detoxifying the
gallic acid (Galati et al. 2006).

Green and black tea have been considered as candidates for a chemopreven-
tive evaluation in prostate cancer due to their valuable antioxidant activity. The
polyphenol compositions of green and black tea are different due to post-harvest
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processing. As far as green tea contains higher concentrations of monomeric
polyphenols (catechins), it affects numerous intracellular signaling pathways
involving prostate cancer (CaP) development. Black tea polymeric polyphenols,
on the other hand, are poorly absorbed and are converted to phenolic acids by
the colonic microflora. Therefore, after consumption of green tea, higher con-
centrations of polyphenols are found in the circulation, whereas in the case of
black tea consumption, the phenolic acid levels in the circulation are higher. The
majority of in vitro cell culture, in vivo animal, and clinical intervention tests of
green tea extracts (or purified EGCG) on prostate carcinogenesis, provide strong
evidence supporting a chemopreventive effect of green tea. While the evidence
for a chemopreventive effect of black tea is much weaker, there are several ani-
mal black tea intervention studies demonstrating the inhibition of CaP growth
(Henning et al. 2011).

Olech et al. (2012) demonstrated that Rosa rugosa Thunb. teas possess high
antiradical activity and their polyphenols constituents showed a considerable
impact in the anticancer activities against ovarian (TOV-112D), cervical (HeLa),
breast (T47D), and lung cancer (A549) cell lines.

First convincing evidence showed that green tea polyphenols are effective in
reducing tributyltin (TBT)-induced oxidative damage both in vivo and in vitro.
The possible protective mechanism may be due to the powerful ability of poly-
phenols to scavenge ROS, nitric oxide and prevent DNA breaks (Liu et al. 2008b;
Tsai et al. 2007). Thus, green tea could be an effective agent or food supplement
to reduce the cytotoxicity of TBT (Liu et al. 2008b). Further studies reveal that tea
polyphenols are able to act as pro-oxidants to cause a response to oxidative stress
in yeasts under certain conditions (Maeta et al. 2007).

Anti-cholinesterase and antioxidant active constituents of Plectranthus barba-
tus Andrews (Indian coleus) aqueous extract were found in plasma of rats after its
administration. The Plectranthus barbatus Andrews herbal tea extract components
also inhibit lysozyme activity with ICsy values around 100 pM. This inhibition
activity may be an additional mechanism for the anti-inflammatory activity of their
polyphenolic constituents (Fale et al. 2011).

According to a recent pharmacokinetic study on healthy humans, a consump-
tion of an average cup of green tea (200 mL) containing 112 mg of (—)-epigallo-
catechin gallate 55, 51 mg of EGC 56 and 15 mg of EC 57, gave rise to predicted
Cmax values (total free and sulfate/glucuronide conjugates) in plasma of 125, 181,
and 76 nM, respectively, together with 94 nM methyl-EGC and 51 nM methyl-EC.
Most studies with chlorogenic acids report a very low amount of intact molecules
in plasma (Williamson et al. 2011).

Interestingly, the methanol extract of fresh tea leaves of Camellia sinensis
(L.) Kuntze (Theaceae) inhibited enzymes with hydrolytic activity in snake
[Naja naja kaouthia (L.) Kuntze (Elapidae) and Calloselasma rhodostoma K.
(Viperidae)] venoms, by in vitro neutralization and in vivo inhibition of the
hemorrhagic and the dermonecrotic activities. These snake venom enzymes are
responsible for the early effects of envenomation, such as local tissue damage
and inflammation. It is suggested that the inhibitory potential of the Camellia
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Fig. 8 Structure of catechin
hydrate 60

sinensis (L.) Kuntze extract against local tissue damage induced by snake
venom may be attributed to complexation between the venom proteins and the
phenolic contents of the extract (Pithayanukul et al. 2010).

4.1.3 Tea and Red Wine Common Factors

Several common biological activities approved for both red wine and tea may
be due to their similar polyphenolic background. Catechin hydrate 60 (Fig. 8),
a strong antioxidant that scavenges free radicals, is evidenced as an abundant
phyto-constituent of both green tea and red wine. Catechin hydrate 60 possesses
anticancer potential and effectively kills 100 % MCF-7 cells after 72 h of expo-
sure, inducing apoptosis, which was confirmed by terminal deoxynucleotidyl
transferase-mediated dUTP nick end labeling (TUNEL) and real-time PCR assays.
The induction of apoptosis by catechins hydrate is affected by its ability to increase
the expression of pro-apoptotic genes such as caspase-3, -8, and -9 and TP53
(Alshatwi 2010).

Moreover, a comparative study shows that water extracts of black tea had the
highest a-glucosidase inhibitory activity than several selected red wines. The
a-glucosidase inhibitory activity of the examined teas and wines correlated with
the phenolic content, antioxidant activity, and phenolic profile of the extracts
(Kwon et al. 2008).

Dietary polyphenols in teas and wines have been associated with beneficial
health effects. After ingestion, most polyphenols are metabolized by the colonic
microbiota to a limited number of key metabolites. The metabolic profile depends
on the individual and on the polyphenol sources. Varying metabolite pathways
among individuals result in different metabolome profiles and therefore related
health effects are hypothesized to differ between subjects (Gross et al. 2010;
Roowi et al. 2010).

4.1.4 Resveratrol, the Difference Between Red Wine and Tea

Polyphenols, among them resveratrol 21, have generated a great amount of sci-
entific interests due to its in vivo and in vitro antioxidant capabilities. Since 21
has been evidenced in red wine, the birth of a new French Paradox key molecule
has been noticed (Zhuang et al. 2003; Gusman et al. 2001; De Leiris and Boucher
2008; Das and Das 2007). The efficient in vitro cardioprotection effect and in vivo
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on different animal models of 21 have been well documented (Zhuang et al. 2003;
Liu et al. 2007). For the last few years, an outstanding focus on the therapeutic
properties of 21 has been reported describing its antioxidant actions on one hand
and its selectivity to some cell-targets on the other hand (Nikolova 2007; Poussier
et al. 2005).

Resveratrol 21 is present in grapevine as constitutive compound of the
woody organs, and as induced substance in leaves and fruit acting like phy-
toalexin in the mechanisms of grapevine resistance toward some pathogens
(Bavaresco et al. 2000). As the main ingredient of red wine was thought to be
its active principle involved in heart diseases prevention, it can reduce ischemic
damage in heart ischemia reperfusion injury and also in brain ischemia/reper-
fusion in rodent models. Most of the protective biological actions associated
with 21 have been associated with its intrinsic radical scavenger properties. It
was shown that it exerts neuroprotective actions on primary neuronal cultures
(Zhuang et al. 2003). It is a potent peroxidase-dependent mechanism-based
inactivator of COX-1, a desired target for antiplatelet agents, but no similar
effects have been noticed on COX-2. These findings imply that resveratrol 21
is not the sole agent responsible for the antiplatelet activity of red wine and sug-
gest that all dietary meta-hydroquinones should be examined for cardioprotec-
tive effects (Szewczuk and Penning 2004).

A growing body of evidence supports the protecting role of resveratrol 21 in
the cardiovascular system in a multidimensional way. The most important point is
that at a very low concentration it inhibits apoptotic cell death, thereby providing
protection from various diseases including myocardial ischemic reperfusion injury,
atherosclerosis, and ventricular arrhythmias. 21 when used at higher doses facili-
tates apoptotic cell death and behaves as a chemopreventive alternative (Das and
Das 2007).

In vivo animal tests of daily oral administration demonstrate that resveratrol 21
failed to protect against environmental tobacco smoke (ETS) exposure impaired
endothelial function and increased oxidative stress, which was associated with
pulmonary and systemic inflammation, in juvenile male pigs. However, it exerted
a positive effect on left ventricular function which may help explain the French
Paradox (Al-Dissi and Weber 2011).

A number of resveratrol 21 valuable properties have been attributed to its
intrinsic antioxidant capabilities, although their potential level in the circulation is
likely not enough to neutralize free radical scavenging. The brain and the heart are
uniquely vulnerable to hypoxic conditions and oxidative stress injuries. Increased
heme oxygenase activity, stimulated by resveratrol 21, has led to significant pro-
tection against models of in vitro and in vivo oxidative stress injury (Dore 2005).

Resveratrol 21 acts as reactive oxygen species inhibitor, which together with
the accumulation of the reactive oxygen intermediate (ROI) produced from cell
antioxidant self-defense (enzymes), are also responsible for cell tissue dam-
age, aging, and carcinogenesis. ROS and ROI lead to oxidative stress phenomena
responsible for the development of cardiovascular diseases and oxidation of dif-
ferent macromolecules (DNA, lipids, and proteins) (Alcaraz et al. 2009). 21 is
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Scheme 11 DPPH radical-induced dimerization of trans-resveratrol

transformed itself into a stabilized free radical upon reacting with DPPH radical
leading to viniferin dimer (Scheme 11) (Wang et al. 1999).

Oxidative stress can also decrease the bioavailability of nitric oxide radical in
vessels, which is highly associated with endothelial dysfunction. One of the mech-
anisms involved in beneficial effects of 21, is its capacity to maintain sufficient
nitric oxide radical bioavailability in vascular endothelium (Frombaum et al. 2012).

A huge amount of studies have shown that phenolic compounds contained in
red wine inhibit the susceptibility of low-density lipoproteins (LDLs) to oxida-
tion, thereby potentially reducing their atherogenicity (lijima et al. 2000, 2002). The
effects of 21 on isolated tissues or organs are well described and include molecular
mechanisms leading to decrease arterial damage, decrease activity of angiotensin-II,
increase nitric oxide, and decrease platelet aggregation. Anti-ischemic effects
include stimulation of prosurvival paths, decrease LDL-oxidation, atheroma, and
on the ischemic-beneficial metabolic changes. Most recently, the agonist effect of
21 on the anti-senescence factor sirtuin has lessened cell death in myocytes from
failing hearts. Mechanistic feasibility strengthens the case for prospective thera-
peutic trials of alcohol vs red wine vs resveratrol, for example in those with heart
failure (Opie and Lecour 2007).

Recently, 21 was discovered to be a putative activator of SIRT1 which can par-
tially mimic the physiological effects of calorie restriction, such as the life span
extension of model organisms. It is important to notice that SIRT1 activation is a
promising new therapeutic approach for treating diseases of aging such as type 2
diabetes (Hu et al. 2011; Lekli et al. 2010).

4.2 Polyphenols from Other Tasty Sources

Few people do not like it, other few people like but avoid it, however most
people adore chocolate. It was only recently published that cocoa-derived
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products (dark chocolate, milk chocolate, and cocoa powder) are great sources
of polyphenols particularly, catechins (flavan-3-ols), and procyanidins. However,
the data vary remarkably due to the quantity of cocoa liquor used in the rec-
ipe of the cocoa products but also due to the analytical procedure employed. In
1994, the per head consumption of chocolate and chocolate confectionery in the
European Union ranged from 1.3 kg/year in Portugal to 8.8 kg/year in Germany.
In general, consumers in the northern countries consume on average more than
people in the south. Thus, chocolate can be seen as a relevant source for phe-
nolic antioxidants for some European populations. However, this alone does not
imply that chocolate could be beneficial to human health. Some epidemiological
evidence suggests a beneficial effect to human health by following a polyphe-
nol-rich diet, namely rich in fruits and vegetables and to a less obvious extent
an intake of tea and wine having a similar polyphenol composition as cocoa. In
many experiments cellular targets have been identified and molecular mecha-
nisms of disease prevention proposed, in particular for the prevention of cancer
and cardiovascular diseases as well as for alleviating the response to inflamma-
tion reactions. However, it has to be demonstrated whether polyphenols exert
these effects in vivo.

One prerequisite is that the polyphenols are absorbed from the diet. For mon-
omeric flavonoids such as the catechins, there is increasing evidence for their
absorption, while for complex phenols and tannins (procyanidins) these questions
have to be addressed for the future. Another open question is related to polyphe-
nol metabolism. For example, much effort has been invested to show antioxidant
effects of free unbound polyphenols, especially of catechins and the flavonol
quercetin. However, only a very small part can be found in plasma in the free
form, but they occur as conjugated or even metabolized to several phenolic acids
and other ring scission products. From the papers reviewed, it is too early to give
an answer to the question, whether chocolate and/or other sources rich in catechins
and procyanidins are beneficial to human health. Even though some data are prom-
ising and justify further research in the field, it has to be shown in future whether
the intake of these functional compounds and/or their sources is related to measur-
able effects on human health and/or the development of diseases (Wollgast and
Anklam 2000).

Flavanol-rich foods, i.e., wines, chocolates, and teas, and of purified flavo-
noids inhibited angiotensin converting enzyme (ACE) activity; red wines being
more effective than white wine, and green tea more effective than black tea.
When isolated polyphenols were assayed, procyanidins (dimer and hexamer)
and epigallocatechin significantly inhibited enzyme activity. Similar concen-
trations of (+4)-catechin (—)-epicatechin, gallic acid, chlorogenic acid, caffeic
acid, quercetin, kaempferol, and resveratrol were ineffective. The ACE inhibi-
tion activity of rat kidney membranes in the presence of chocolate extracts or
purified procyanidins depend on the chocolate content of flavanols and the num-
ber of flavanol units constituting the procyanidin. These experiments demon-
strate that flavanols either isolated or present in foods could inhibit ACE activity.
The occurrence of such inhibition in vivo needs to be determined, although it is
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supported by the association between the consumption of flavanol-rich foods and
reductions in blood pressure observed in several experimental models (Actis-
Goretta et al. 2006).

Lee et al. prefer cocoa, not for the delicious taste of chocolate, but in fact,
for its high phenolic content and higher antioxidant capacity than teas and red
wine. A comparative report between phenolic and flavonoid contents and total
antioxidant capacities of cocoa, black tea, green tea, and red wine revealed
that the cocoa contained much higher levels of total phenolics and flavonoids.
Cocoa exhibited the highest antioxidant activity, and the relative total antioxi-
dant capacities were as follows in decreasing order: cocoa, red wine, green tea,
black tea. The total antioxidant capacities were highly correlated with phenolic
and flavonoid contents. These results suggest that cocoa is more beneficial to
health than teas and red wine in terms of its higher antioxidant capacity (Lee
et al. 2003).

5 Conclusions

The first part of the chapter focused on the move from the natural antioxidant
nutrients to synthetic agents which are mostly bio-inspired from natural mod-
els like flavonoid-type compounds and stilbenes. The result of the chemistry
laboratory demonstrated better activity of synthetic models. However nature
remains the first supplier of nutritional dietary components while further
research efforts are needed to prove the reliability of the synthetic ones. The
second part of the chapter was devoted to some examples of people’s eating
habits according to their geographical and cultural belongings including, the so-
called French Paradox or red wine in EU and USA, tea in Far East and Middle
East, and finally chocolate, the worldwide tendency. By knowing the benefi-
cial actions of each food, it was possible to establish a comprehensive relation-
ship between health and nutrition mode underlying the limit of excessive intake
and risk factors. The phytochemical knowledge of these daily consumed food
is such important to assess their selective beneficial effects on humans and also
some side effects almost related to an over intake. Individual biological evalu-
ations of these food-isolated polyphenols provide a better understanding of the
overall biological benefit and related negative effects. The case of resveratrol,
catechins, quercetin, and other polyphenolic compounds is already quoted but
further examinations are required for other key molecules and their metabolites.
To sum up, natural or synthetic ingredients of our food should be promotable
for our health but we always have to consider that the positive biological effect
ensured by these phytochemicals and/or additive dietary synthetic chemicals can
be transformed to negative effect after a certain limit line and therefore this is
the line that has to be evaluated or at least estimated by scientists in order to
avoid this negative side.



6 The French Paradox at Tea Time: From Antioxidant Flavonoids and Stilbenes 177

References

Actis-Goretta L, Ottaviani JI, Fraga CG (2006) Inhibition of angiotensin converting enzyme
activity by flavanol-rich foods. J Agric Food Chem 54(1):229-234

Ahmadi T, Maniar T, Schuster S, Stadtmauer E (2009) Chronic lymphocytic Leukemia: new con-
cepts and emerging therapies. Curr Treat Option Oncol 10(1-2):16-32

Aiello EA, Cingolani HE (2011) A possible subcellular mechanism underlying the “French
paradox™: the opening of mitochondrial K-ATP channels. Appl Physiol Nutr Metab
36(5):768-772

Al-Dissi AN, Weber LP (2011) Resveratrol preserves cardiac function, but does not prevent
endothelial dysfunction or pulmonary inflammation after environmental tobacco smoke
exposure. Food Chem Toxicol 49(7):1584-1591

Albert S, Horbach R, Deising HB, Siewert B, Csuk R (2011) Synthesis and antimicrobial activity
of (E) stilbene derivatives. Bioorgan Med Chem 19(17):5155-5166

Alcaraz M, Acevedo C, Castillo J, Benavente-Garcia O, Armero D, Vicente V, Canteras M
(2009) Liposoluble antioxidants provide an effective radioprotective barrier. Brit J Radiol
82(979):605-609

AlGamdi N, Mullen W, Crozier A (2011) Tea prepared from Anastatica hierochuntica seeds
contains a diversity of antioxidant flavonoids, chlorogenic acids and phenolic compounds.
Phytochemistry 72(2-3):248-254

Alonso DA, Najera C, Varea M (2004) 3,5-bis(trifluoromethyl)phenyl sulfones in the modified
Julia olefination: application to the synthesis of resveratrol. Tetrahedron Lett 45(3):573-577

Alshatwi AA (2010) Catechin hydrate suppresses MCF-7 proliferation through TP53/Caspase-
mediated apoptosis. J Exp Clin Canc Res 29

Amarowicz R, Shahidi F (1996) A rapid chromatographic method for separation of individual
catechins from green tea. Food Res Int 29(1):71-76

Andersen @M, Markham KR (2006) Flavonoids: chemistry, biochemistry and applications. CRC
publication, Taylor & Francis, Boca Raton

Ankolekar C, Terry T, Johnson K, Johnson D, Barbosa ACL, Shetty K (2011) Anti-
hyperglycemia properties of Tea (Camellia sinensis) bioactives using in vitro assay models
and influence of extraction time. J] Med Food 14(10):1190-1197

Appeldoorn CCM, Bonnefoy A, Lutters BCH, Daenens K, van Berkel TJC, Hoylaerts MF,
Biessen EAL (2005) Gallic acid antagonizes P-selectin-mediated platelet-leukocyte interac-
tions—Implications for the French paradox. Circulation 111(1):106-112

Ariffin F, Chew SH, Bhupinder K, Karim AA, Huda N (2011) Antioxidant capacity and phenolic
composition of fermented Centella asiatica herbal teas. J Sci Food Agric 91(15):2731-2739

Armoskaite V, Ramanauskiene K, Maruska A, Razukas A, Dagilyte A, Baranauskas A, Briedis
V (2011) The analysis of quality and antioxidant activity of green tea extracts. J Med Plants
Res 5(5):811-816

Atoui AK, Mansouri A, Boskou G, Kefalas P (2005) Tea and herbal infusions: their antioxidant
activity and phenolic profile. Food Chem 89(1):27-36

Azevedo MF, Lima CF, Fernandes-Ferreira M, Almeida MJ, Wilson JM, Pereira-Wilson C (2011)
Rosmarinic acid, major phenolic constituent of Greek sage herbal tea, modulates rat intesti-
nal SGLT1 levels with effects on blood glucose. Mol Nutr Food Res 55:S15-S25

Baker W (1933) Molecular rearrangement of some o-acyloxyacetophenones and the mechanism
of the production of 3-acylchromones. J Chem Soc 1381-1389

Banerjee D, Hassarajani SA, Maity B, Narayan G, Bandyopadhyay SK, Chattopadhyay S (2010)
Comparative healing property of kombucha tea and black tea against indomethacin-induced
gastric ulceration in mice: possible mechanism of action. Food Funct 1(3):284-293

Barbaste M, Berke B, Dumas M, Soulet S, Delaunay JC, Castagnino C, Arnaudinaud V, Cheze
C, Vercauteren J (2002) Dietary antioxidants, peroxidation and cardiovascular risks. J Nutr
Health Aging 6(3):209-223



178 O. Talhi et al.

Barbosa DS (2007) Green tea polyphenolic compounds and human health. J Verbrauch Lebensm
2(4):407-413

Barros AIRNA, Silva AMS (2006) Efficient synthesis of nitroflavones by cyclodehydrogena-
tion of 2’-hydroxychalcones and by the Baker-Venkataraman method. Monatsh Chem
137(12):1505-1528

Barros A, Silva A (2009) Synthesis and structure elucidation of three series of nitro-2-styrylchr-
omones using 1D and 2D NMR spectroscopy. Magn Reson Chem 47(10):885-896

Bastianetto S, Zheng WH, Quirion R (2000) Neuroprotective abilities of resveratrol and other red
wine constituents against nitric oxide-related toxicity in cultured hippocampal neurons. Brit
J Pharmacol 131(4):711-720

Bavaresco L, Fregoni M, Trevisan M (2000) Resveratrol: from grapevine to wine and relation-
ship with human health. Acta Medica Romana 38(4):466-471

Bejot Y, Osseby GV, Aboa-eboule C, Durier J, Lorgis L, Cottin Y, Moreau T, Giroud M (2009)
Dijon’s vanishing lead with regard to low incidence of stroke. Eur J Neurol 16(3):324-329

Belleville J (2002) The French paradox: possible involvement of ethanol in the protective effect
against cardiovascular diseases. Nutrition 18(2):173-177

Berthelot-Garcias E, Meuleman C, Dufaitre G, Ederhy S, Haddour N, Boccara F, Baudin B,
Cohen A (2009) Cardiovascular diseases: epidemiology and medical care by both the cardi-
ologist and the biologist. Rev Francophone Lab 39(409):27-39

Beyer G, Melzig MF (2003) Effects of selected flavonoids and caffeic acid derivatives on
hypoxanthine-xanthine oxidase-induced toxicity in cultivated human cells. Planta Med
69(12):1125-1129

Biasutto L, Mattarei A, Marotta E, Bradaschia A, Sassi N, Garbisa S, Zoratti M, Paradisi C
(2008) Development of mitochondria-targeted derivatives of resveratrol. Bioorg Med Chem
Lett 18(20):5594-5597

Black P, Saleem A, Dunford A, Guerrero-Analco J, Walshe-Roussel B, Haddad P, Cuerrier A,
Arnason JT (2011) Seasonal variation of phenolic constituents and medicinal activities of
Northern Labrador Tea, Rhododendron tomentosum ssp subarcticum, an Inuit and cree first
nations traditional medicine. Planta Med 77(14):1655-1662

Brenner H, Rothenbacher D, Bode G, Marz W, Hoffmeister A, Koenig W (2001) Moderate
alcohol consumption and coronary heart disease: case-control study of a prominantly beer-
drinking population. Gesundheitswesen 63(7):469

Brion D, Le Baut G, Zammatio F, Pierre A, Atassi G, Belachm L (1991) Preparation of 2-styryl-
4-chromanones as anticancer agents

Bueyuekbalci A, El SN (2008) Determination of In vitro antidiabetic effects, antioxidant activi-
ties and phenol contents of some herbal teas. Plant Foods Hum Nutr 63(1):27-33

Cardenas M, Marder M, Blank VC, Roguin LP (2006) Antitumor activity of some natural flavo-
noids and synthetic derivatives on various human and murine cancer cell lines. Bioorgan
Med Chem 14(9):2966-2971

Carvalho M, Jeronimo C, Valentao P, Andrade PB, Silva BM (2010) Green tea: a promising anti-
cancer agent for renal cell carcinoma. Food Chem 122(1):49-54

Chan KF, Zhao YZ, Burkett BA, Wong ILK, Chow LMC, Chan TH (2006) Flavonoid dimers
as bivalent modulators for P-glycoprotein-based multidrug resistance: synthetic apigenin
homodimers linked with defined-length poly(ethylene glycol) spacers increase drug reten-
tion and enhance chemosensitivity in resistant cancer cells. ] Med Chem 49(23):6742-6759

Chen HX, Zhang Y, Lu XM, Qu ZS (2012) Comparative studies on the physicochemical and anti-
oxidant properties of different tea extracts. J Food Sci Tech 49(3):356-361

Chetreanu L, Iliescu ML (2009) About wine intake and cardiovascular diseases. Rev Med Chir
Soc Med Nat lasi 113(3):845-848

Chong-Han K (2010) Dietary lipophilic antioxidants: implications and significance in the aging
process. Crit Rev Food Sci Nutr 50(10):931-937

Chow HHS, Hakim IA (2011) Pharmacokinetic and chemoprevention studies on tea in humans.
Pharmacol Res 64(2):105-112



6 The French Paradox at Tea Time: From Antioxidant Flavonoids and Stilbenes 179

Cliff MA, King MC, Schlosser J (2007) Anthocyanin, phenolic composition, colour measurement
and sensory analysis of BC commercial red wines. Food Res Int 40(1):92—-100

Cooper KA, Chopra M, Thurnham DI (2004) Wine polyphenols and promotion of cardiac health.
Nutr Res Rev 17(1):111-130

Cordova AC, Sumpio BE (2009) Polyphenols are medicine: Is it time to prescribe red wine for
our patients? Int J Angiol Official Publ Int Coll Angiol, Inc 18(3):111-117

Crozier A, Borges G, Ryan D (2010) The glass that cheers—Phenolic and polyphenolic constitu-
ents and the beneficial effects of moderate red wine consumption. Biochemist 32(6):4—6

Crozier A, Jaganath IB, Clifford MN (2009) Dietary phenolics: chemistry, bioavailability and
effects on health. Nat Prod Rep 26(8):1001-1043

Cummings J, Double JA, Bibby MC, Farmer P, Evans S, Kerr DJ, Kaye SB, Smyth JF (1989)
Characterization of the major metabolites of flavone acetic-acid and comparison of their dis-
position in humans and mice. Cancer Res 49(13):3587-3593

Dai D-Z, Chen S-H, Feng Y (2004) Tea polyphenols and quercetin preventing the heart, brain
and liver from the injury by free radicals in comparison with ascorbic acid. Chin J Nat Med
2(4):223-231

Dalluge JJ, Nelson BC (2000) Determination of tea catechins. J Chromatogr A 881(1-2):411-424

Das S, Das DK (2007) Resveratrol: a therapeutic promise for cardiovascular diseases. Recent Pat
Cardiovasc Drug Discovery 2(2):133-138

De Curtis A, Murzilli S, Di Castelnuovo A, Rotilio D, Donati MB, De Gaetano G, lacoviello
L (2005) Alcohol-free red wine prevents arterial thrombosis in dietary-induced hyper-
cholesterolemic rats: experimental support for the ‘French paradox’. J Thromb Haemost
3(2):346-350

De Gaetano G, Di Castelnuovo A, Rotondo S (2005) Cardiovascular protective effect of mod-
erate wine consumption: evidence after the French Paradox. Sang Thrombose Vaiss
17(1):47-60

de Gaulejac NS, Glories Y, Vivas N (1999) Free radical scavenging effect of anthocyanins in red
wines. Food Res Int 32(5):327-333

de Lange DW, Verhoef S, Gorter G, Kraaijenhagen RJ, van de Wiel A, Akkerman JWN (2007)
Polyphenolic grape extract inhibits platelet activation through PECAM-1: an explanation for
the French paradox. Alcohol Clin Exp Res 31(8):1308-1314

De Leiris J, Boucher F (2008) Does wine consumption explain the French paradox? Dialogues
Cardiovasc Med 13(3):183-192

de Mejia EG, Song YS, Heck CI, Ramirez-Mares M (2010) Yerba mate tea (Ilex paraguariensis):
phenolics, antioxidant capacity and in vitro inhibition of colon cancer cell proliferation. J
Funct Food 2(1):23-34

de Pascual-Teresa S, Moreno DA, Garcia-Viguera C (2010) Flavanols and anthocyanins in car-
diovascular health: a review of current evidence. Int J Mol Sci 11(4):1679-1703

Deck LM, Hunsaker LA, Gonzales AM, Orlando RA, Vander Jagt DL (2008) Substituted trans-
stilbenes can inhibit or enhance the TPA-induced up-regulation of activator protein-1. BMC
Pharmacol 8:19

Desideri N, Conti C, Mastromarino P, Mastropaolo F (2000) Synthesis and anti-rhinovirus activ-
ity of 2-styrylchromones. Antivir Chem Chemother 11(6):373-381

Diaz-Padilla I, Siu LL, Duran I (2009) Cyclin-dependent kinase inhibitors as potential targeted
anticancer agents. Invest New Drug 27(6):586-594

Dixon JB, Dixon ME, O’Brien PE (2002) Reduced plasma homocysteine in obese red wine
consumers: a potential contributor to reduced cardiovascular risk status. Eur J Clin Nutr
56(7):608-614

Dominguez-Perles R, Moreno DA, Carvajal M, Garcia-Viguera C (2011) Composition and anti-
oxidant capacity of a novel beverage produced with green tea and minimally-processed
byproducts of broccoli. Innov Food Sci Emerg 12(3):361-368

Dominguez-Perles R, Moreno DA, Garcia-Viguera C (2012) Analysis of the tumoral cytotoxicity
of green tea-infusions enriched with broccoli. Food Chem 132(3):1197-1206



180 O. Talhi et al.

Dore S (2005) Unique properties of polyphenol stilbenes in the brain: More than direct antioxi-
dant actions; Gene/protein regulatory activity. Neurosignals 14(1-2):61-70

Ducimetiere P (2008) Coronary heart disease in France and in Europe: Where are the facts?
Dialogues Cardiovasc Med 13(3):193-199

Eddarir S, Abdelhadi Z, Rolando C (2001) Fluorinated resveratrol and pterostilbene. Tetrahedron
Lett 42(52):9127-9130

Etoh H, Murakami K, Yogoh T, Ishikawa H, Fukuyama Y, Tanaka H (2004) Anti-oxidative com-
pounds in barley tea. Biosci Biotechnol Biochem 68(12):2616-2618

Fale PLV, Ascensao L, Serralheiro MLM, Haris PI (2011) Interaction between Plectranthus bar-
batus herbal tea components and human serum albumin and lysozyme: binding and activity
studies. Spectrosc Biomed Appl 26(2):79-92

Fan GJ, Liu XD, Qian YP, Shang YJ, Li XZ, Dai F, Fang JG, Jin XL, Zhou B (2009)
4,4'-Dihydroxy-trans-stilbene, a resveratrol analogue, exhibited enhanced antioxidant activ-
ity and cytotoxicity. Bioorgan Med Chem 17(6):2360-2365

Feher J, Lengyel G, Lugasi A (2007) The cultural history of wine—Theoretical background to
wine therapy. Cent Eur J Med 2(4):379-391

Fernandez-Panchon MS, Villano D, Troncoso AM, Garcia-Parrilla MC (2008) Antioxidant activ-
ity of phenolic compounds: from in vitro results to in vivo evidence. Crit Rev Food Sci
48(7):649-671

Ferruzzi MG (2010) The influence of beverage composition on delivery of phenolic compounds
from coffee and tea. Physiol Behav 100(1):33-41

Filipe P, Silva AMS, Seixas RSGR, Pinto DCGA, Santos A, Patterson LK, Silva JN, Cavaleiro
JAS, Freitas JP, Maziere JC, Santus R, Morliere P (2009) The alkyl chain length of 3-alkyl-
3’4’ 5,7-tetrahydroxyflavones modulates effective inhibition of oxidative damage in biologi-
cal systems: Illustration with LDL, red blood cells and human skin keratinocytes. Biochem
Pharmacol 77(6):957-964

Frombaum M, Le Clanche S, Bonnefont-Rousselot D, Borderie D (2012) Antioxidant effects of
resveratrol and other stilbene derivatives on oxidative stress and center dot NO bioavailabil-
ity: potential benefits to cardiovascular diseases. Biochimie 94(2):269-276

Galati G, Lin A, Sultan AM, O’Brien PJ (2006) Cellular and in vivo hepatotoxicity caused by
green tea phenolic acids and catechins. Free Radical Biol Med 40(4):570-580

Galati G, O’Brien PJ (2004) Potential toxicity of flavonoids and other dietary phenolics: sig-
nificance for their chemopreventive and anticancer properties. Free Radical Biol Med
37(3):287-303

Gao DF, Zhang YJ, Yang CR, Chen KK, Jiang HJ (2008) Phenolic antioxidants from green tea
produced from Camellia taliensis. J Agric Food Chem 56(16):7517-7521

Garcia-Alonso M, Minihane AM, Rimbach G, Rivas-Gonzalo JC, de Pascual-Teresa S (2009)
Red wine anthocyanins are rapidly absorbed in humans and affect monocyte chemoattract-
ant protein 1 levels and antioxidant capacity of plasma. J Nutr Biochem 20(7):521-529

Gerhaeuser C (2001) Flavonoide und andere pflanzliche Wirkstoffe. Aktuelle Ernahrungsmedizin
26(4):137-143

Gerwick WH (1989) 6-Desmethoxyhormothamnione, a New Cyto-Toxic Styrylchromone from
the Marine Cryptophyte Chrysophaeum-Taylori. J Nat Prod 52(2):252-256

Gerwick WH, Lopez A, Vanduyne GD, Clardy J, Ortiz W, Baez A (1986) Hormothamnione,
a Novel Cytotoxic Styrlchromone from the Marine Cyanophyte Hormothamnion-
Enteromorphoides Grunow. Tetrahedron Lett 27(18):1979-1982

Goldfinger TM (2003) Beyond the French paradox: the impact of moderate beverage alcohol and
wine consumption in the prevention of cardiovascular disease. Cardiol Clin 21(3):449-457

Gomes A, Fernandes E, Garcia MBQ, Silva AMS, Pinto DCGA, Santos CMM, Cavaleiro JAS,
Lima JLFC (2008) Cyclic voltammetric analysis of 2-styrylchromones: relationship with the
antioxidant activity. Bioorgan Med Chem 16(17):7939-7943

Gomes A, Fernandes E, Silva AMS, Pinto DCGA, Santos CMM, Cavaleiro JAS, Lima JLFC
(2009a) Anti-inflammatory potential of 2-styrylchromones regarding their interference with
arachidonic acid metabolic pathways. Biochem Pharmacol 78(2):171-177



6 The French Paradox at Tea Time: From Antioxidant Flavonoids and Stilbenes 181

Gomes A, Fernandes E, Silva AMS, Santos CMM, Pinto DCGA, Cavaleiro JAS, Lima JLFC
(2007) 2-Styrylchromones: novel strong scavengers of reactive oxygen and nitrogen species.
Bioorgan Med Chem 15(18):6027-6036

Gomes A, Freitas M, Fernandes E, Lima JLFC (2010) Biological activities of 2-Styrylchromones.
Mini-Rev Med Chem 10(1):1-7

Gomes A, Neuwirth O, Freitas M, Couto D, Ribeiro D, Figueiredo AGPR, Silva AMS, Seixas RSGR,
Pinto DCGA, Tome AC, Cavaleiro JAS, Fernandes E, Lima JLFC (2009b) Synthesis and anti-
oxidant properties of new chromone derivatives. Bioorgan Med Chem 17(20):7218-7226

Gross G, Jacobs DM, Peters S, Possemiers S, van Duynhoven J, Vaughan EE, van de Wiele T
(2010) In vitro bioconversion of polyphenols from Black Tea and Red Wine/Grape Juice by
human intestinal microbiota displays strong interindividual variability. J Agric Food Chem
58(18):10236-10246

Guiso M, Marra C, Farina A (2002) A new efficient resveratrol synthesis. Tetrahedron Lett
43(4):597-598

Gulacsi K, Litkei G, Antus S, Gunda TE (1998) A short and facile synthetic route to prenylated
flavones. Cyclodehydrogenation of prenylated 2’-hydroxychalcones by a hypervalent iodine
reagent. Tetrahedron 54(45):13867-13876

Gupta M, Paul S, Gupta R, Loupy A (2000) A rapid method for the cyclization of 2/-hydroxy-
chalcones into flavones. Org Prep Proced Int 32(3):280-283

Gusman J, Malonne H, Atassi G (2001) A reappraisal of the potential chemopreventive and
chemotherapeutic properties of resveratrol. Carcinogenesis 22(8):1111-1117

Hallek M, Pflug N (2011) State of the art treatment of chronic lymphocytic leukaemia. Blood
Rev 25(1):1-9

Han DW, Park YH, Kim JK, Jung TG, Lee KY, Hyon SH, Park JC (2005) Long-term preser-
vation of human saphenous vein by green tea polyphenol under physiological conditions.
Tissue Eng 11(7-8):1054-1064

Han SY, Bang HB, Lee HS, Hwang JW, Choi DH, Yang DM, Jun JG (2008) A new synthesis of
stilbene natural product piceatannol. B Korean Chem Soc 29(9):1800-1802

Hans N, Grover SK (1993) An efficient conversion of 2’-Hydroxychalcones to flavones.
Synthetic Commun 23(7):1021-1023

Harborne JB, Grayer RJ (1993) The flavonoids, advances in research since 1986. Chapman and
Hall, London

Hauss F, Liu JW, Michelucci A, Coowar D, Morga E, Heuschling P, Luu B (2007) Dual bioactiv-
ity of resveratrol fatty alcohols: Differentiation of neural stem cells and modulation of neu-
roinflammation. Bioorg Med Chem Lett 17(15):4218-4222

Henning SM, Wang PW, Heber D (2011) Chemopreventive effects of tea in prostate cancer:
Green tea versus black tea. Mol Nutr Food Res 55(6):905-920

Hermes-Lima M (2005) Oxygen in biology and biochemistry: role of free radicals. Wiley-Liss,
New York

Hilt G, Hengst C (2007) A concise synthesis of substituted Stilbenes and Styrenes from prop-
argylic phosphonium salts by a cobalt-catalyzed Diels-Alder/Wittig olefination reaction
sequence. J Org Chem 72(19):7337-7342

Ho SC, Wu SP, Lin SM, Tang YL (2010) Comparison of anti-glycation capacities of several
herbal infusions with that of green tea. Food Chem 122(3):768-774

Holdsworth M (2008) How important are differences in national eating habits in France?
Dialogues Cardiovasc Med 13(3):200-208

Hoshino Y, Oohinata T, Takeno N (1986) The direct preparation of flavones from
2'-Hydroxychalcones using disulfides. B Chem Soc Jpn 59(7):2351-2352

Howard A, Chopra M, Thurnham DI, Strain JJ, Fuhrman B, Aviram M (2002) Red wine con-
sumption and inhibition of LDL oxidation: what are the important components? Med
Hypotheses 59(1):101-104

Howitz KT, Bitterman KJ, Cohen HY, Lamming DW, Lavu S, Wood JG, Zipkin RE, Chung P,
Kisielewski A, Zhang LL, Scherer B, Sinclair DA (2003) Small molecule activators of sir-
tuins extend Saccharomyces cerevisiae lifespan. Nature 425(6954):191-196



182 O. Talhi et al.

Hu FB (2005) Overweight and increased cardiovascular mortality—No French paradox.
Hypertension 46(4):645-646

Hu Y, Liu J, Wang JF, Liu QS (2011) The controversial links among calorie restriction, SIRT1,
and resveratrol. Free Radical Bio Med 51(2):250-256

Iijima K, Yoshizumi M, Hashimoto M, Kim S, Eto M, Ako J, Liang YQ, Sudoh N, Hosoda K,
Nakahara K, Toba K, Ouchi Y (2000) Red wine polyphenols inhibit proliferation of vas-
cular smooth muscle cells and downregulate expression of cyclin A gene. Circulation
101(7):805-811

Iijima K, Yoshizumi M, Ouchi Y (2002) Effect of red wine polyphenols on vascular smooth
muscle cell function-molecular mechanism of the ‘French paradox’. Mech Ageing Dev
123(8):1033-1039

Ishii T, Mori T, Ichikawa T, Kaku M, Kusaka K, Uekusa Y, Akagawa M, Aihara Y, Furuta
T, Wakimoto T, Kan T, Nakayama T (2010) Structural characteristics of green tea cat-
echins for formation of protein carbonyl in human serum albumin. Bioorgan Med Chem
18(14):4892-4896

Jayasekera S, Molan AL, Garg M, Moughan PJ (2011) Variation in antioxidant potential
and total polyphenol content of fresh and fully-fermented Sri Lankan tea. Food Chem
125(2):536-541

Julia M, Paris JM (1973) Syntheses using sulfones. 5. Method for general synthesis of doubles.
Tetrahedron Lett 49:4833-4836

Kaack K, Christensen LP (2010) Phenolic acids and flavonoids in tea processed from flowers
of black elder (Sambucus nigra L.) stored in different packing materials. Eur J Hortic Sci
75(5):214-220

Kappagoda CT, Karim M, McCormick K, Kandaswami C (2000) Unraveling the French paradox.
Chem Innov 30(9):26-31

Kapsokefalou M, Zhu L, Miller DD (2006) Adding iron to green tea may decrease its antioxidant
capacity in rats after an oral dose of the mixture. Nutr Res 26(9):480-485

Karori SM, Wachira FN, Wanyoko JK, Ngure RM (2007) Antioxidant capacity of different types
of tea products. Afr J Biotechnol 6(19):2287-2296

Kodama DH, Goncalves AEDS, Lajolo FM, Genovese MI (2010) Flavonoids, total phenolics
and antioxidant capacity: comparison between commercial green tea preparations. Ciencia
Tecnol Alime 30(4):1077-1082

Komes D, Horzic D, Belscak A, Ganic KK, Vulic I (2010) Green tea preparation and its influence
on the content of bioactive compounds. Food Res Int 43(1):167-176

Kosmider B, Osiecka R (2004) Flavonoid compounds: a review of anticancer properties and
interactions with cis-diamminedichloroplatinum(II). Drug Develop Res 63(4):200-211

Kulisic-Bilusic T, Katalinic V, Dragovic-Uzelac V, Ljubenkov I, Krisko A, Dejanovic B, Jukic M,
Politeo O, Pifat G, Milos M (2008) Antioxidant and acetylcholinesterase inhibiting activity
of several aqueous tea infusions in vitro. Food Technol Biotechnol 46(4):368-375

Kwon YI, Apostolidis E, Shetty K (2008) Inhibitory potential of wine and tea against o-amylase
and oa-glucosidase for management of hyperglycemia linked to type 2 diabetes. J Food
Biochem 32(1):15-31

Lee HC, Jenner AM, Low CS, Lee YK (2006) Effect of tea phenolics and their aromatic fecal
bacterial metabolites on intestinal microbiota. Res Microbiol 157(9):876-884

Lee KW, Kim YJ, Lee HJ, Lee CY (2003) Cocoa has more phenolic phytochemicals and a higher
antioxidant capacity than teas and red wine. J Agric Food Chem 51(25):7292-7295

Lee SC, Jeong SM, Lee JM, Jang A, Kim DH, Jo C (2008) Effect of irradiation on total phenol
and catechins contents and radical scavenging activity of green tea leaf and stem extract. J
Food Biochem 32(6):782-794

Lekli I, Ray D, Das DK (2010) Longevity nutrients resveratrol, wines and grapes. Genes Nutr
5(1):55-60

Li F, Awale S, Tezuka Y, Esmi H, Kadota S (2010) Study on the constituents of Mexican propo-
lis and their cytotoxic activity against PANC-1 human pancreatic cancer cells. J Nat Prod
73(4):623-627



6 The French Paradox at Tea Time: From Antioxidant Flavonoids and Stilbenes 183

Li JH, Chang RL, Wu SC (2009) The effects of antioxidative activity and human hepatoma cells
of Chinese herbal teas. Taiwanese J Agric Chem Food Sci 47(3):145-154

Likhtenshtein G (2010) Stilbenes, applications in chemistry, life sciences and materials science.
Wiley-VCH Verlag GmbH & Co, KGaA, Germany

Lin YP, Hsu FL, Chen CS, Chern JW, Lee MH (2007) Constituents from the Formosan
apple reduce tyrosinase activity in human epidermal melanocytes. Phytochemistry
68(8):1189-1199

Lion CJ, Matthews CS, Stevens MFG, Westwell AD (2005) Synthesis, antitumor evaluation, and
apoptosis-inducing activity of hydroxylated (E)-stilbenes. ] Med Chem 48(4):1292-1295

Lippi G, Franchini M, Favaloro EJ, Targher G (2010) Moderate red wine consumption and car-
diovascular disease risk: beyond the “French Paradox”. Semin Thromb Hemost 36(1):59-70

Liu BL, Zhang X, Zhang W, Zhen HN (2007) New enlightenment of French Paradox: resvera-
trol’s potential for cancer chemoprevention and anti-cancer therapy. Cancer Biol Ther
6(12):1833-1836

Liu HC, Dong AJ, Gao CM, Tan CY, Liu HX, Zu XY, Jiang YY (2008a) The design, synthe-
sis, and anti-tumor mechanism study of N-phosphoryl amino acid modified resveratrol ana-
logues. Bioorgan Med Chem 16(23):10013-10021

Liu HG, Gu ZL, Xu LH, Hsu S (2008b) Protective effect of green tea polyphenols on tributyl-
tin-induced oxidative damage detected by in vivo and in vitro models. Environ Toxicol
23(1):77-83

Liu Q, Zhang YJ, Yang CR, Xu M (2009) Phenolic antioxidants from Green Tea Produced from
Camellia crassicolumna Var. multiplex. J Agric Food Chem 57(2):586-590

Logan BA, Hammond MP, Stormo BM (2008) The French paradox—Determining the super-
oxide-scavenging capacity of red wine and other beverages. Biochem Mol Biol Edu
36(1):39-42

Loke WM, Proudfoot JM, Hodgson JM, McKinley AJ, Hime N, Magat M, Stocker R, Croft KD
(2010) Specific dietary polyphenols attenuate atherosclerosis in apolipoprotein E-Knockout
Mice by alleviating inflammation and endothelial dysfunction. Arterioscl Throm Vas
30(4):749-757 (U 243)

Lorenz M, Kabir MS, Cook JM (2010) A two step synthesis of BZR/GABAergic active flavones
via a Wacker-related oxidation. Tetrahedron Lett 51(7):1095-1098

Maeta K, Nomura W, Takatsume Y, Izawa S, Inoue Y (2007) Green tea polyphenols function
as prooxidants to activate oxidative-stress-responsive transcription factors in yeasts. Appl
Environ Microb 73(2):572-580

Mahal HS, Venkataraman K (1934) Synthetical experiments in the chromone group. Part XIV.
The action of sodamide on 1-acyloxy-2-acetonaphthones. J] Chem Soc 1767-1769

Marinho J, Pedro M, Pinto DCGA, Silva AMS, Cavaleiro JAS, Sunkel CE, Nascimento MSJ
(2008) 4/-Methoxy-2-styrylchromone a novel microtubule-stabilizing antimitotic agent.
Biochem Pharmacol 75(4):826-835

Martino VS (2000) Los flavonoides como promisorios agentes preventivos y terapéuticos. Acta
Farmacéutica Bonaerense 19(4):303-308

McMurry JE, Fleming MP (1974) A new method for the reductive coupling of carbonyls to ole-
fins. Synthesis of beta-carotene. ] Am Chem Soc 96(14):4708-4709

McDougall GJ, Fyfte S, Dobson P, Stewart D (2007) Anthocyanins from red cabbage—Stability
to simulated gastrointestinal digestion. Phytochemistry 68(9):1285-1294

McKay DL, Blumberg JB (2006) A review of the bioactivity and potential health benefits of
chamomile tea (Matricaria recutita L.). Phytother Res 20(7):519-530

Morton LW, Caccetta RA, Puddey IB, Croft KD (2000) Chemistry and biological effects of die-
tary phenolic compounds: relevance to cardiovascular disease. Clin Exp Pharmacol Physiol
27(3):152-159

Moscatelli V, Hnatyszyn O, Acevedo C, Megias J, Alcaraz MJ, Ferraro G (2006) Flavonoids from
Artemisia copa with anti-inflammatory activity. Planta Med 72(1):72-74

Mudry J (2010) The Poison is in the dose the french paradox, the healthy drinker and the medi-
calization of virtue. Food Cult Soc 13(1):91-114



184 O. Talhi et al.

Mulder TP, Rietveld AG, van Amelsvoort JM (2005) Consumption of both black tea and green
tea results in an increase in the excretion of hippuric acid into urine. Am J Clin Nutr
81(1):256s-260s

Murthi KK, Dubay M, McClure C, Brizuela L, Boisclair MD, Worland PJ, Mansuri MM, Pal K
(2000) Structure-activity relationship studies of flavopiridol analogues. Bioorg Med Chem
Lett 10(10):1037-1041

Nagaoka T, Banskota AH, Tezuka Y, Midorikawa K, Matsushige K, Kadota S (2003) Caffeic acid
phenethyl ester (CAPE) analogues: potent nitric oxide inhibitors from the Netherlands prop-
olis. Biol Pharm Bull 26(4):487-491

Negukhula S, Mudau FN, Mariga IK, Liphadzi KB (2011) Effects of soaking conditions on total
phenolic and antioxidant activity of black tea and black tea combined (50:50) with bush tea.
Indian J Hortic 68(1):91-95

Neyestani TR, Gharavi A, Kalayi A (2009) Selective effects of tea extract and its phenolic com-
pounds on human peripheral blood mononuclear cell cytokine secretions. Int J Food Sci
Nutr 60:79-88

Neyestani TR, Khalaji N, Gharavi A (2007) Black and green teas may have selective synergistic
or antagonistic effects on certain antibiotics against Streptococcus pyogenes in vitro. J Nutr
Environ Med 16(3—4):258-266

Nikolova V (2007) Resveratrol: a crossroad of enology and biomedicine. Biomed Rev 18:89-101

Nishiyama MF, Costa MAF, da Costa AM, de Souza CGM, Boer CG, Bracht CK, Peralta RM
(2010) Brazilian green tea (Camellia sinensis var assamica): effect of infusion time, mode
of packaging and preparation on the extraction efficiency of bioactive compounds and on
the stability of the beverage. Ciencia Tecnol Alime 30:191-196

Nishizuka T, Fujita Y, Sato Y, Nakano A, Kakino A, Ohshima S, Kanda T, Yoshimoto R,
Sawamura T (2011) Procyanidins are potent inhibitors of LOX-1: a new player in the
French Paradox. Proc Jpn Acad B-Phys 87(7):104, 431

Nuengchamnong N, Krittasilp K, Ingkaninan K (2011) Characterisation of phenolic antioxidants
in aqueous extract of Orthosiphon grandiflorus tea by LC-ESI-MS/MS coupled to DPPH
assay. Food Chem 127(3):1287-1293

Olech M, Nowak R, Los R, Rzymowska J, Malm A, Chrusciel K (2012) Biological activity
and composition of teas and tinctures prepared from Rosa rugosa Thunb. Cent Eur J Biol
7(1):172-182

Omar MH, Mullen W, Crozier A (2011) Identification of proanthocyanidin dimers and trimers,
Flavone C-Glycosides, and antioxidants in ficus deltoidea, a Malaysian herbal tea. J Agric
Food Chem 59(4):1363-1369

Opie LH, Lecour S (2007) The red wine hypothesis: from concepts to protective signalling mol-
ecules. Eur Heart J 28(14):1683-1693

Orak HH (2007) Total antioxidant activities, phenolics, anthocyanins, polyphenoloxidase
activities of selected red grape cultivars and their correlations. Sci Hortic-Amsterdam
111(3):235-241

Park KY, Lee SH, Min BK, Lee KS, Choi JS, Chung SR, Min KR, Kim Y (1999) Inhibitory
effect of luteolin 4’-O-glucoside from Kummerowia striata and other flavonoids on interleu-
kin-5 bioactivity. Planta Med 65(5):457-459

Patonay T, Cavaleiro JAS, Levai A, Silva AMS (1997) Dehydrogenation by iodine-dimethylsul-
foxide system: a general route to substituted chromones and thiochromones. Heterocycl
Commun 3(3):223-229

Perez-Magarino S, Gonzalez-San Jose ML (2006) Polyphenols and colour variability of red
wines made from grapes harvested at different ripeness grade. Food Chem 96(2):197-208

Petralia S, Spatafora C, Tringali C, Foti MC, Sortino S (2004) Hydrogen atom abstraction from
resveratrol and two lipophilic derivatives by tert-butoxyl radicals. A laser flash photolysis
study. New J Chem 28 (12):1484-1487

Pettit GR, Grealish MP, Jung MK, Hamel E, Pettit RK, Chapuis JC, Schmidt JM (2002)
Antineoplastic agents. 465. Structural modification of resveratrol: Sodium resverastatin
phosphate. J Med Chem 45(12):2534-2542



6 The French Paradox at Tea Time: From Antioxidant Flavonoids and Stilbenes 185

Pettit GR, Singh SB, Boyd MR, Hamel E, Pettit RK, Schmidt JM, Hogan F (1995) Antineoplastic
Agents. 291. Isolation and Synthesis of Combretastatins a-4, a-5, and a-6. J Med Chem
38(15):1666, 2994

Pinto DCGA, Silva AMS, Almeida LMPM, Cavaleiro JAS, Levai A, Patonay T (1998) Synthesis
of 4-aryl-3-(2-chromonyl)-2-pyrazolines by the 1,3-dipolar cycloaddition of 2-styrylchr-
omones with diazomethane. J Heterocyclic Chem 35(1):217-224

Pinto DCGA, Silva AMS, Cavaleiro JAS (2000a) A convenient synthesis of new (E)-5-hydroxy-2-
styrylchromones by modifications of the Baker-Venkataraman method. New J Chem 24(2):85-92

Pinto DCGA, Silva AMS, Cavaleiro JAS (2000b) Synthesis of 3-(2-benzyloxy-
6-hydroxyphenyl)-1-methylpyrazoles by the reaction of chromones with methylhydrazine. J
Heterocyclic Chem 37(6):1629-1634

Pinto DCGA, Silva AMS, Cavaleiro JAS, Foces-Foces C, Llamas-Saiz AL, Jagerovic N,
Elguero J (1999) Synthesis and molecular structure of 3-(2-benzyloxy-6-hydroxyphenyl)-
5-styrylpyrazoles. Reaction of 2-styrylchromones and hydrazine hydrate. Tetrahedron
55(33):10187-10200

Pinzani P, Petruzzi E, Magnolfi SU, Malentacchi F, De Siena G, Petruzzi I, Motta M,
Malaguarnera M, Marchionni N, Pazzagli M (2010) Red or white wine assumption and
serum antioxidant capacity. Arch Gerontol Geriatr 51(3):e72—74

Pithayanukul P, Leanpolchareanchai J, Bavovada R (2010) Inhibitory effect of tea polyphenols
on local tissue damage induced by snake venoms. Phytother Res 24:S56-S62

Poussier B, Cordova AC, Becquemin JP, Sumpio BE (2005) Resveratrol inhibits vascular smooth
muscle cell proliferation and induces apoptosis. J Vasc Surg 42(6):1190-1197

Price WA, Silva AMS, Cavaleiro JAS (1993) 2-Styrylchromones—Biological action, synthesis
and reactivity. Heterocycles 36(11):2601-2612

Pripdeevech P, Machan T (2011) Fingerprint of volatile flavour constituents and antioxidant
activities of teas from Thailand. Food Chem 125(2):797-802

Providencia R (2006) Cardiovascular protection from alcoholic drinks: scientific basis of the
French Paradox. Revista portuguesa de cardiologia : orgao oficial da Sociedade Portuguesa
de Cardiologia = Portuguese journal of cardiology : an official journal of the Portuguese
Society of Cardiology 25(11):1043—-1058

Rabai M, Toth A, Kenyeres P, Mark L, Marton Z, Juricskay I, Toth K, Czopf L (2010) In vitro
hemorheological effects of red wine and alcohol-free red wine extract. Clin Hemorheol
Microcirc 44(3):227-236

Raghava GS (1993) Inhibition of LDL oxidation by phenolic substances in red wine: a clue to the
French paradox?. Nutr Rev 51(6):185-187

Rechner AR, Wagner E, Van Buren L, Van de Put F, Wiseman S, Rice-Evans CA (2002) Black
tea represents a major source of dietary phenolics among regular tea drinkers. Free Radical
Res 36(10):1127-1135

Rele SM, Nayak SK, Chattopadhyay S (2008) Salt/ligand-activated low-valent titanium formu-
lations: the ‘salt effect’ on diastereoselective carbon-carbon bond forming SET reactions.
Tetrahedron 64(30-31):7225-7233

Rendig SV, Symons JD, Longhurst JC, Amsterdam EA (2001) Effects of red wine, alco-
hol, and quercetin on coronary resistance and conductance arteries. J Cardiovasc Pharm
38(2):219-227

Rivero-Perez MD, Muniz P, Gonzalez-Sanjose ML (2008) Contribution of anthocyanin fraction
to the antioxidant properties of wine. Food Chem Toxicol 46(8):2815-2822

Rocha-Pereira J, Cunha R, Pinto DCGA, Silva AMS, Nascimento MS (2010) (E)-2-
Styrylchromones as potential anti-norovirus agents. Bioorgan Med Chem 18(12):4195-4201

Roowi S, Stalmach A, Mullen W, Lean MEJ, Edwards CA, Crozier A (2010) Green Tea Flavan-
3-ols: colonic degradation and urinary excretion of catabolites by humans. J Agric Food
Chem 58(2):1296-1304

Rosenkranz S, Knirel D, Dietrich H, Flesch M, Erdmann E, Bohm M (2002) Inhibition of the
PDGF receptor by red wine flavonoids provides a molecular explanation for the “French
paradox”. Faseb J 16(12):1958—+



186 O. Talhi et al.

Rusak G, Komes D, Likic S, Horzic D, Kovac M (2008) Phenolic content and antioxidative
capacity of green and white tea extracts depending on extraction conditions and the solvent
used. Food Chem 110(4):852-858

Salucci M, Stivala LA, Maiani G, Bugianesi R, Vannini V (2002) Flavonoids uptake and
their effect on cell cycle of human colon adenocarcinoma cells (Cacop). Brit J Cancer
86(10):1645-1651

Serafini M (2004) Overview of polyphenols. Agro Food Ind Hi Tec 15(2):10-11

Shrikhande AJ (2000) Wine by-products with health benefits. Food Res Int 33(6):469-474

Silva AMS, Pinto DCGA, Cavaleiro JAS (1994) 5-Hydroxy-2-(Phenyl or Styryl)
Chromones—One-Pot Synthesis and C-6, C-8 C-13 Nmr assignments. Tetrahedron Lett
35(32):5899-5902

Silva AMS, Pinto DCGA, Cavaleiro JAS, Levai A, Patonay T (2004) Synthesis and reactivity of
styrylchromones. Arkivoc 106-123

Silva AMS, Pinto DCGA, Tavares HR, Cavaleiro JAS, Jimeno ML, Elguero J (1998) Novel
(E)- and (Z)-2-styrylchromones from (E, E)-2’-hydroxycinnamylideneacetophenones—
Xanthones from daylight photooxidative cyclization of (E)-2-styrylchromones. Eur J Org
Chem 9:2031-2038

Silva AMS, Tavares HR, Barros AINRA, Cavaleiro JAS (1997) NMR and structural and confor-
mational features of 2/-hydroxychalcones and flavones. Spectrosc Lett 30(8):1655-1667

Snyder SA, Gollner A, Chiriac MI (2011) Regioselective reactions for programmable resveratrol
oligomer synthesis. Nature 474(7352):461-466

Song LL, Liang R, Li DD, Xing YD, Han RM, Zhang JP, Skibsted LH (2011) Beta-carotene
radical cation addition to green tea polyphenols. Mechanism of antioxidant antagonism in
peroxidizing liposomes. J Agric Food Chem 59(23):12643-12651

Sparwel J, Vantler M, Caglayan E, Kappert K, Fries JW, Dietrich H, Bohm M, Erdmann E,
Rosenkranz S (2009) Differential effects of red and white wines on inhibition of the
platelet-derived growth factor receptor: impact of the mash fermentation. Cardiovasc Res
81(4):758-770

Su XG, Duan J, Jiang YM, Duan XW, Chen F (2007) Polyphenolic profile and antioxidant activi-
ties of oolong tea infusion under various steeping conditions. Int J Mol Sci 8(12):1196-1205

Sun AY, Simonyi A, Sun GY (2002) The “French paradox” and beyond: neuroprotective effects
of polyphenols. Free Radical Biol Med 32(4):314-318

Szewczuk LM, Penning TM (2004) Mechanism-based inactivation of COX-1 by red wine
m-hydroquinones: a structure-activity relationship study. J Nat Prod 67(11):1777-1782

Szmitko PE, Verma S (2005) Antiatherogenic potential of red wine: clinician update. Am J
Physiol-Heart C 288(5):H2023-H2030

Teillet F, Boumendjel A, Boutonnat J, Ronot X (2008) Flavonoids as RTK inhibitors and poten-
tial anticancer agents. Med Res Rev 28(5):715-745

Terasawa N, Yamazaki N (2002) Radical scavenging activity of Japanese black tea, Toyama
Kurocha. Food Sci Technol Res 8(3):218-220

Tereschuk ML, Baigori MD, De Figueroa LI, Abdala LR (2004) Flavonoids from argentine
tagetes (Asteraceae) with antimicrobial activity. Methods Mol Biol 268:317-330

Thakkar K, Geahlen RL, Cushman M (1993) Synthesis and protein-tyrosine kinase inhibi-
tory activity of polyhydroxylated stilbene analogs of piceatannol. J Med Chem
36(20):2950-2955

Thuong PT, Su ND, Ngoc TM, Hung TM, Dang NH, Thuan ND, Bae K, Oh WK (2009)
Antioxidant activity and principles of Vietnam bitter tea Ilex kudingcha. Food Chem
113(1):139-145

Tsai PJ, Tsai TH, Yu CH, Ho SC (2007) Comparison of NO-scavenging and NO-suppressing
activities of different herbal teas with those of green tea. Food Chem 103(1):181-187

Tsai TH, Tsai TH, Chien YC, Lee CW, Tsai PJ (2008) In vitro antimicrobial activities against
cariogenic streptococci and their antioxidant capacities: a comparative study of green tea
versus different herbs. Food Chem 110(4):859-864

Tunstall-Pedoe H (2008) The French paradox. Dialogues Cardiovasc Med 13(3):159-182



6 The French Paradox at Tea Time: From Antioxidant Flavonoids and Stilbenes 187

Unachukwu UJ, Ahmed S, Kavalier A, Lyles JT, Kennelly EJ (2010) White and green teas
(Camellia sinensis var. sinensis): variation in phenolic, methylxanthine, and antioxidant pro-
files. J Food Sci 75(6):C541-C548

Valko M, Leibfritz D, Moncol J, Cronin MTD, Mazur M, Telser J (2007) Free radicals and
antioxidants in normal physiological functions and human disease. Int J Biochem Cell B
39(1):44-84

van de Wiel A, de Lange DW (2008) Cardiovascular risk is more related to drinking pattern than
to the type of alcoholic drinks. Neth J Med 66(11):467-473

Vaya J, Mahmood S, Goldblum A, Aviram M, Volkova N, Shaalan A, Musa R, Tamir S (2003)
Inhibition of LDL oxidation by flavonoids in relation to their structure and calculated
enthalpy. Phytochemistry 62(1):89-99

Vedejs E, Cabaj J, Peterson MJ (1993) Wittig ethylidenation of Ketones—Reagent control of Z/E
selectivity. J Org Chem 58(23):6509-6512

Verma AK, Pratap R (2010) The biological potential of flavones. Nat Prod Rep
27(11):1571-1593

Vidavalur R, Otani H, Singal PK, Maulik N (2006) Significance of wine and resveratrol in car-
diovascular disease: French paradox revisited. Exp Clin Cardiol 11(3):217-225

Vinson JA, Teufel K, Wu N (2001) Red wine, dealcoholized red wine, and especially grape juice,
inhibit atherosclerosis in a hamster model. Atherosclerosis 156(1):67-72

Visioli F, Borsani L, Galli C (2000) Diet and prevention of coronary heart disease: the potential
role of phytochemicals. Cardiovasc Res 47(3):419-425

Viveros-Valdez E, Rivas-Morales C, Carranza-Rosales P, Mendoza S, Schmeda-Hirschmann G
(2008) Free radical scavengers from the Mexican herbal tea “Poleo” (Hedeoma drummon-
dii). Zeitschrift Fur Naturforschung Section C-a Journal of Biosciences 63(5-6):341-346

Wang HF, Tsai YS, Lin ML, Ou ASM (2006) Comparison of bioactive components in GABA tea
and green tea produced in Taiwan. Food Chem 96(4):648-653

Wang MEF, Jin Y, Ho CT (1999) Evaluation of resveratrol derivatives as potential antioxidants and
identification of a reaction product of resveratrol and 2,2-diphenyl-1-picryhydrazyl radical. J
Agric Food Chem 47(10):3974-3977

Wang Y, Ho CT (2009) Polyphenols chemistry of tea and coffee: a century of progress. J Agric
Food Chem 57(18):8109-8114

Williamson G, Dionisi F, Renouf M (2011) Flavanols from green tea and phenolic acids from
coffee: critical quantitative evaluation of the pharmacokinetic data in humans after con-
sumption of single doses of beverages. Mol Nutr Food Res 55(6):864—873

Wollgast J, Anklam E (2000) Polyphenols in chocolate: is there a contribution to human health?
Food Res Int 33(6):449-459

Wood JG, Rogina B, Lavu S, Howitz K, Helfand SL, Tatar M, Sinclair D (2004) Sirtuin activators
mimic caloric restriction and delay ageing in metazoans. Nature 431(7004):107, 430:686

Wu CY, Xu HR, Heritier J, Andlauer W (2012) Determination of catechins and flavonol glyco-
sides in Chinese tea varieties. Food Chem 132(1):144-149

Wu JJA, Chiang MT, Chang YW, Chen JY, Yang HT, Lii CK, Lin JH, Yao HT (2011) Correlation
of major components and radical scavenging activity of commercial tea drinks in Taiwan. J
Food Drug Anal 19(3):289-300

Wu LC, Jou AFJ, Chen SH, Tien CY, Cheng CF, Fan NC, Ho JAA (2010) Antioxidant, anti-
inflammatory and anti-browning activities of hot water extracts of oriental herbal teas. Food
Funct 1(2):200-208

Xi DY, Liu CC, Su YC (2012) Effects of green tea extract on reducing Vibrio parahaemolyticus
and increasing shelf life of oyster meats. Food Control 25(1):368-373

Yang L, Qiao LR, Xie D, Yuan YH, Chen NH, Dai JG, Guo SX (2012)
2-(2-Phenylethyl)chromones from Chinese eaglewood. Phytochemistry 76:92-97

Yao LH, Jiang YM, Caffin N, D’Arcy B, Datta N, Liu X, Singanusong R, Xu'Y (2006) Phenolic
compounds in tea from Australian supermarkets. Food Chem 96(4):614-620

Yoo YJ, Saliba AJ, Prenzler PD (2010) Should red wine be considered a functional food? Compr
Rev Food Sci F 9(5):530-551



188 O. Talhi et al.

Yoon JS, Lee MK, Sung SH, Kim YC (2006) Neuroprotective 2-(2-phenylethyl)chromones of
Imperata cylindrica. J Nat Prod 69(2):290-291

Zambare AS, Sangshettia JN, Kokare ND, Shinde DB (2009) Development of mild and efficient
method for synthesis of substituted flavones using oxalic acid catalyst. Chinese Chem Lett
20(2):171-174

Zern TL, Fernandez ML (2005) Cardioprotective effects of dietary polyphenols. J Nutr
135(10):2291-2294

Zhou B, Liu ZL (2005) Bioantioxidants: from chemistry to biology. Pure Appl Chem
77(11):1887-1903

Zhu JTT, Choi RCY, Chu GKY, Cheung AWH, Gao QT, Li J, Jiang ZY, Dong TTX, Tsim KWK
(2007) Flavonoids possess neuroprotective effects on cultured pheochromocytoma PC12
cells: a comparison of different flavonoids in activating estrogenic effect and in preventing
beta-amyloid-induced cell death. J Agric Food Chem 55(6):2438-2445

Zhu Q, Liang CP, Cheng KW, Peng XF, Lo CY, Shahidi F, Chen F, Ho CT, Wang MF (2009)
Trapping effects of green and black tea extracts on peroxidation-derived carbonyl sub-
stances of seal blubber oil. J Agric Food Chem 57(3):1065-1069

Zhu QY, Hackman RM, Ensunsa JL, Holt RR, Keen CL (2002) Antioxidative activities of oolong
tea. J Agric Food Chem 50(23):6929-6934

Zhuang H, Kim Y'S, Koehler RC, Dore S (2003) Potential mechanism by which resveratrol, a red
wine constituent, protects neurons. Ann NY Acad Sci 993:276-286

Zilkens RR, Puddey IB (2003) Alcohol and type 2 diabetes—Another paradox? J Cardiovasc
Risk 10(1):25-30

Zloch Z (1996) The role of dietary plant polyphenols in health maintenance. Casopis lekaru
ceskych 135(3):84-88

Zuo YG, Chen H, Deng YW (2002) Simultaneous determination of catechins, caffeine and gallic
acids in green, Oolong, black and pu-erh teas using HPLC with a photodiode array detector.
Talanta 57(2):307-316

Authors Biography

Oualid Talhi (born 1985) received his first degree of
graduate studies in Chemistry in 2007 at the
University of Science and Technology Houari
Boumediene (USTHB), Algiers, Algeria. Afterwards,
he joined the laboratory of heterocyclic compounds
and organic synthesis at USTHB to conduct his Master
thesis research on solid catalysis and Knoevenagel
reactions, successfully defending his Master thesis in
2009. In November 2009, he joined the laboratory of
organic chemistry and natural products QOPNA at the
University of Aveiro, Portugal, as an early stage
researcher under the supervision of Prof. Artur Silva. He conducted his research
project on natural-type polyphenols, their synthesis and biological applications
within the European Initial Training Network “RedCat”, obtaining a PhD degree
in chemistry from the University of Aveiro by the end of 2012.

Oualid currently holds a postdoctoral position at the QOPNA group of the
University of Aveiro, and is involved in organo-synthetic research aiming at new




6 The French Paradox at Tea Time: From Antioxidant Flavonoids and Stilbenes 189

strategies against neuropathological disorders. Oualid’s expertise is mainly in the
field of naturally occurring polyphenol dyads, their total synthesis, characteriza-
tion with sophisticated techniques (2D-NMR and X-ray crystallography), and their
application to biological models.

Diana C. G. A. Pinto studied chemistry at the
University of Aveiro, Portugal, graduating from this
university in Analytical Chemistry in 1991. In 1996
she received her PhD in Chemistry from Aveiro
University. She then joined the Department of
Chemistry at Aveiro University where she is currently
Assistant Professor of Organic Chemistry.

Diana is an expert in organic synthesis, including
the development of new strategies toward synthesis
of nitrogen- and oxygen-containing heterocyclic com-
pounds that can be used as new drugs. Over the years,
her research has also focused on the application of environmentally friendly meth-
odologies in organic synthesis, with a certain focus on the application of micro-
wave irradiation. Besides her strong interest in organic synthesis, Diana is also
developing an active research program in the isolation and characterization of nat-
ural products, focusing on medicinal plants.

Artur M. S. Silva is Full Professor at the University
of Aveiro in Portugal. He obtained both his B.Sc.
(1987) and PhD (1993) degrees from the University of
Aveiro. He joined the Department of Chemistry of the
same University in 1987 and was appointed to
Auxiliary Professor in 1996, Associate Professor in
1999 and Full Professor in 2001. Artur has published
over 410 SCI-listed papers and 15 book chapters and
has delivered more than 30 lectures at scientific meet-
ings. His research interests involve synthetic organic
chemistry (especially the development of new syn-
thetic methods for oxygen- and nitrogen-containing heterocyclic compounds and
organo-catalyzed transformations), natural products identification, and structural
characterization by NMR.




	6 The French Paradox at Tea Time: From Antioxidant Flavonoids and Stilbenes Toward Bio-inspired Synthetic Derivatives 
	1 Introduction
	2 Flavonoids and Related Compounds
	3 Stilbenes, Resveratrol, and More Active Synthetic Derivatives
	4 Nutritional Antioxidant Phenolic Compounds in Daily Life
	4.1 A Red Wine Desire or in a Tea Mood?
	4.1.1 The French Paradox, History, and Actuality
	4.1.2 The Tea Society
	4.1.3 Tea and Red Wine Common Factors
	4.1.4 Resveratrol, the Difference Between Red Wine and Tea

	4.2 Polyphenols from Other Tasty Sources

	5 Conclusions
	References


