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Worldwide there is a growing interest on nutrition and, in particular, on Mediterranean diet which is mainly based on
assumption of fruit, vegetables, cereals and extravirgin olive oil. Polyphenols are compounds largely distributed in the vegetal
kingdom, exerting beneficial effects on human health due to their anti-oxidant, anti-inflammatory and anti-allergic properties
[1]. Polyphenols are subdivided into two main categories: flavonoids and non flavonoids (e.g., resveratrol). Flavonoids consist
of two aromatic rings, benzypiran carbon rings (A and C rings) and benzene (B rings) and may be divided into six subclasses
according to degree of the oxidation of the C-ring, the hydroxylation pattern of the ring structure and the substitutions at the 3position [1]. Resveratrol is structurally characterized by the presence of a 1,2-diphenylethylene nucleus with hydroxyls
substituted in the aromatic rings [1].
Polyphenols act on the immune and non-immune cells, thanks to different receptors such as aryl hydrocarbon receptor
(AHR) located on the cytoplasm and combined with heat shock protein 90 and the co-chaperone 23 [2]. After activation, AHR
is able to interact with polyphenols, thus, triggering several responses. For example, at intestinal level AHR is present on
intraepithelial lymphocytes, T (h) helper 17 cells, innate lymphoid cells, dendritic cells and macrophages, thus participating to
main immune responses.
From a pathological point of view, in inflammatory bowel disease, such as Crohn disease (CD) and ulcerative colitis (UC),
it has been shown that cellular distribution of AHR is reduced in CD patients in comparison to UC patients even if there were
no differences in AHR gene expression [2]. Therefore, this condition may be due to modifications occurring at posttranscriptional levels. In murine experimental sodium dextrane sulphate-induced colitis, it has been observed that AHR
activation down-regulated release of pro-inflammatory cytokines, while inducing production of interleukin (IL)-22 [3]. Of note,
these events mediate an anti-inflammatory effect. In in vitro murine experimental colitis and in vivo in human UC subjects, the
beneficial effects exerted by polyphenols have been ascribed to their ability to inhibit NF-κB pathway and tumor necrosis
factor-α release [4]. Finally, other authors highlighted the role of gut microbiota on the production of polyphenol metabolites
endowed with anti-inflammatory activities [5].
The effects exerted by polyphenols have been experimented in cardiovascular disease (CVD) which is a major cause of
morbidity and mortality. It is well known that moderate intake of red wine (French paradox) has represented the first evidence
about the preventative effect of polyphenol assumption in relation to CVD outcome [6]. In fact, French people from the
Bordeaux region, who usually assume moderate amounts of red wine, despite a diet rich in saturated fatty acids exhibit lower
risk of CVD mortality in comparison to American people with the same hypercaloric diet but in the absence of red wine intake
[6]. In this direction, it has also been shown that polyphenols can exert anti-fibrotic and myocardial protection via inhibition of
oxidative stress and molecular pathways that are involved in heart fibrosis [7]. Moderate red wine assumption may also lead to
vasodilation through nitric oxide (NO) release by both endothelial cells and monocytes, ultimately, culminating to amelioration
of vascular function [8]. In fact, NO release increases cyclic guanosine monophosphate (cGMP), thus, leading to smooth
muscle relaxation and inhibition of platelet aggregation, on the one hand [9]. On the other hand, cGMP increases production of
prostacyclin, which, in turn, decreases plasma leukotrienes provoking vasodilation [9]. Furthermore, also consumers of cocoa
and dark chocolate containing polyphenols benefit of this effect and, in particular, flow mediated dilation was increased in
comparison with lower polyphenol consumers [10]. Other authors have conducted a metabolomic study utilizing Sakura green
tea leaves, dark chocolate and turmeric powder, demonstrating a superior beneficial effects of polyphenols, also avoiding high
calorie intake [11]. This combination seems to be even more appropriate for preventing CVD outcome. Also an in vitro study
using peripheral blood mononuclear cells (PBMCs) treated with polyphenols extracted from olive leaves documented an
increase in NO production by monocytes and a potential protective effect on CVD outcome [12]. In extravirgin olive oil
(EVOO), hydroxytyrosol, the main polyphenol present in free form, acts as a scavenger of reactive oxygen species (ROS), also
exerting beneficial cardiovascular effects through decrease in oxidized low density lipoprotein and platelet aggregation [13].
Therefore, it has been proposed that consumption of EVOO may contribute to the anti-inflammatory and cardioprotective
effects of the Mediterranean diet, thus, preventing atherosclerosis and CVD [14].
It is well known that type II diabetes leads to high risk of CVD outcome. Quite interestingly, a few studies have
demonstrated the protective effects of polyphenols in diabetes outcome. In fact, human clinical trials documented the antidiabetic effects by resveratrol overcoming insulin resistance by reducing blood glucose and glycated hemoglobin A1c levels
[15].
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Another important issue is the capacity of polyphenols to modulate liver function, an organ which acts as a filter in order to
detoxify external and internal noxious agents. In liver, grape polyphenol extracts are able to inhibit ROS, decrease proinflammatory cytokine levels, enhance hypoxia tolerance and modulate lipid metabolism [16]. Furthermore, Louvet and
Mathurin [17] described the beneficial effects of polyphenols from Litsea coreana via inhibition of hepatic adipose
differentiation-related proteins. In vitro treatment of hepatocytes from non-alcoholic fatty liver disease patients with
polyphenols gave rise to a reduction of lipogenesis and an increase in acid β-oxidation [18]. Gut metabolites of blackberry
fruits increased glucose consumption and glycogen levels in hepatic cells, restoring glutathione and mitochondrial membrane
potential [19]. Polyphenols extracted from green tea possess anti-viral hepatic activity, and, in particular, in an in vitro study
epigallocatechin-3-gallate was able to interfere with entry of hepatitis B virus via inhibition of clathrin-mediated endocytosis
[20]. Furthermore, in hepatitis C virus (HCV) disease, delphidin from green tea could interfere with envelope proteins of HCV,
causing a deformation of virus particles and, thus, impairing their interaction with cell plasma membrane [21].
Obesity represents another serious problem that involves a great number of subjects both in childhood and adulthood as a
result of an incorrect life style such as type of diet and reduced physical activity. In a recent report, evidence has been provided
that supplementation of polyphenols from red grape to human obese PBMCs led to an anti-inflammatory pathway with increase
in IL-10 secretion and reduction of IL-21 [22]. In a clinical trial, obese females, who ingested polyphenols extracted from
Ibiscus sabdariffa and Lipia citriodora, underwent weight reduction with normalization of blood pressure, on the one hand
[23]. On the other hand, same authors have also pointed out the modulation of satiety exerted by polyphenols in virtue of a
normalization of leptin release and reduction of resistin. Furthermore, administration of blackberry to overweight and obese
males increased fat oxidation and improved insulin sensitivity [24].
Over the past decades, allergic diseases have been increasing, thus, representing an emergency in medicine. Many studies
based on the administration of polyphenols have been conducted to solve allergic manifestations. For example, since ultraviolet
A (UVA) radiation induces damage at dermal level, human skin dermal fibroblasts were irradiated with UVA source in the
presence of polyphenols [25]. In this model, polyphenols prevented damage-associated UVA exposure through reduction of
ROS release, pro-inflammatory markers and improvement of mitochondrial function via anti-oxidant enzyme expression. In
peanut allergic disease, polyphenol extracts inhibited IgE binding to rat basophilic leukemia cells, thus, suppressing their
degranulation [26]. Human peripheral blood basophils activated with IgE were in vitro treated with fermented grape marc
(FGM). Results demonstrated that FGM polyphenols were able to inhibit basophil degranulation and increase release of IL-10
by T regulatory cells, dampening IL-4 production by Th2 cells and release of IgE [27]. Furthermore, an in vitro study using
human PBMCs from nickel-sensitized patients in the presence of red grape polyphenols clearly demonstrated a reduction of
oxidative stress and of cytokines release such as interferon-γ and IL-17, with an increase in IL-10 production [28].
Conclusively, polyphenols were able to promote a tolerogenic pathway in nickel-mediated allergic contact dermatitis.
Finally, polyphenols in virtue of their properties are able to exert a neuroprotective role and may be used to attenuate the
symptoms of Parkinson’s disease (PD) and Alzheimer disease (AD) [29]. Particularly, the ability of polyphenols to act on
aggregation and disaggregation of amyloid peptide, tau, α-synuclein and synphilin-1, have been pointed out.
Furthermore, it has in vitro been demonstrated, using human striatal precursor cells, that addition of polyphenols led to an
increase in cell proliferation and pancadherin, which is a protein important for synaptic plasticity, and focal adhesion kinase
during development of the central nervous system [30].
Conclusively, polyphenols express a broad spectrum of beneficial effects on different cell types and organs either in health
or in disease. Despite their described effects, future studies should be aimed at identifying the major metabolites of polyphenols
following their intestinal absorption. This should be a very important step in the preparation of compounds which directly target
specific cells also defining optimal concentrations to attain healthy effects.
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