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ABSTRACT: Wine has been used since the dawn of human civilization. Despite many health benefits, there is still a lot of discussion about the real

properties of its components and its actions on cells and molecular interactions. A large part of these issues permeate the fine line between the amount of

alcohol that causes problems to organic systems and the amount that could be beneficial for the health. However, even after the process of fermentation, wine

conserves different organic compounds from grapes, such as polysaccharides, acids, and phenolic compounds, such as flavonoids and nonflavonoids. These

substances have known anti-inflammatory and antioxidant capacities, and are considered as regulatory agents in cardiometabolic process. In this study, the

main chemical components present in the wine, its interaction with molecules and biological mechanisms, and their interference with intra- and extracel-

lular signaling are reviewed. Finally, the properties of wine that may benefit cardiovascular system are also revised.
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Introduction

Wine is a traditional alcoholic beverage of high commercial
importance, obtained by fermentation of grape must. By this
definition, the quality of wine is related to the composition
and variety of grape.! Moreover, wines can be distinguished
by the geographic location of vineyards, variations in the same
vineyard, different viticultural practices, and winemaking and
aging techniques.?

Wine is a complex mixture of several hundred com-
pounds, many of them found at very low concentrations; how-
ever, they play an important role in its evolution and quality.
In general, the average concentrations of the major compo-
nents of wine are water, 86%; ethanol, 12%; glycerol and
polysaccharides or other trace elements, 1%; different types of
acids, 0.5%; and volatile compounds, 0.5%.*

Wine may be classified as red, white, and rosé wines
based on sweetness, alcohol content, carbon dioxide content,
color, grape variety, fermentation, and maturation process
or geographic origin.> While red wines are obtained by the
alcoholic fermentation of musts in the presence of the solid
parts of the berry (skins and seeds), white wines are exclusively
produced by the fermentation of grape juice.®

Red wine is known to contain 10-fold more phenolic
compounds than white wine, resulting from the fermentation

of grape juice with skins, grape pieces, and seeds (Table 1).!
Although the antioxidant property of red wines is correlated
with their phenol content, no single compound sufficiently
defines the total antioxidant capacity, because of the potential
synergistic antioxidant effect of other compounds.”

Studies have shown the effect of alcohol and wine
consumption on the improvement of cardiometabolic risk
factors (blood pressure, serum glucose, low-density lipo-
protein [LDL] and high-density lipoprotein [HDL] levels,
inflammation, and endothelial function).®® Hyperglycemia
and hypertension may contribute to the development of endo-
thelial dysfunction, and high serum levels of LDL oxidized
by reactive oxygen species (ROS) play the main role in the
initiation and progression of atherosclerosis. On the other
hand, HDL exerts a protective effect in coronary heart dis-
ease by suppressing endothelial damage, LDL oxidation,
vascular-LDL accumulation, inflammation, and thrombosis.!!
Although international guidelines suggest a light-to-moderate
alcoholic beverage consumption (15-30 g/day of ethanol,
about 130-250 mL of wine/day)!?™* for cardiovascular risk
reduction, it is known that high alcohol intake (>31 g/day)
may have negative effects on the cardiovascular system,
including an increase in blood pressure, activation of the sym-

15-17

pathetic system, and an increase in the incidence of atrial
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Table 1. Content of majority phenolic compounds of red and white
wines, expressed in milligrams of gallic acid equivalent (mg/GAE/L).”®7°

PHENOLIC COMPOUNDS RED WINE WHITE WINE
(mg/GAEIL) (mg/GAE/L)

Catequin 191 35

Epigallocatechin 82 21

Gallic acid 95 7

Cyanidin-3-glucoside 3 0

Malvidin-3-glucoside 24 1

Rutine 9 0

Quercetin 8 0

Myricetin 9 0

Caffeic acid 71 2.8

Resveratrol 1.5 0

Total content of phenolics 2567 239

Abbreviation: GAE, gallic acid equivalent.

fibrillation, cardiomyopathy, and hemorrhagic stroke.!® Thus,
the relationship between alcohol consumption and the risk for
many cardiovascular conditions is characterized by a U- or
J-shaped curve.

The aim of this mini review is to highlight the main
cardioprotective molecules present in red wine and how these
compounds interact with cellular systems, particularly those
involving antioxidation and anti-inflammatory activities.
Furthermore, we discuss how these molecules can benefit
human health by pointing out results from clinical studies.

Chemical Properties of Phenolic Compounds

in Red Wine

'The pulp, skin, seeds, and stems of grapes of the Vitis genus
are relatively rich in nonflavonoid compounds.’ Polyphenols
are the main phenolic compounds extracted from grapes dur-
ing the winemaking process, initially obtained by the crushing
of the fruit, and intensified by the maceration and pumping-
over processes during fermentation.

The total amount of polyphenols in red wines has been
estimated to range from 2000 to 6000 mg/L,** as shown
in Table 1. The main bioactive polyphenols in red wines are
notably flavanols, flavonols, anthocyanins, and resveratrol.?!
Flavonoids, which account for over 85% of the phenolic com-
ponents in red wine, include different molecular families
such as flavonols [eg, monomeric (catechin, epicatechin),
oligomeric, and polymeric compounds (proanthocyanidins,
also called condensed tannins)], flavones, anthocyanins,!
flavan-3-ols, catechins, and epicatechins.??23

Catechin and epicatechin are usually the most important
flavanols in both grape skins and seeds and can represent up to
60% of total phenolic compounds present in the seed.?* Both
are responsible for the astringency, bitterness, and structure of

wines.? Catechin and epicatechin can be extracted from grape

pomace by using aqueous solutions, reaching similar level of
extraction than using ethanol/water as extraction solvent.??
Red wines from Cabernet Sauvignon and Refosco grapes
showed the highest polyphenol and catechin contents.?

Flavonols comprise compounds such as myricetin, quer-
cetin, kaempferol, and rutin. Quercetin is very common in
different grapes; for example, it is the most abundant flavonol
found in Sangiovese grapes.?” Flavonols and their glycosides
are important components in wine because of their impact on
color, taste, and health properties.?

Anthocyanins are responsible for the red color of wines
and are extracted from grape skins during the winemaking
process. The anthocyanins most commonly found in wines are
delphinidin-3-glucoside, cyanidin-3-glucoside, and malvidin-
3-glucoside,? with recognized antioxidant capacity.’-!

Resveratrol is a phenolic compound of the stilbene family
present in grape skin and seeds, and hence, constituent of
grape juice and wines.?® Although resveratrol has been con-
sidered as the major functional compound in red wine, its con-
centration is lower than other polyphenols.”

Tannins, another subgroup of phenols found in the
skins and seeds of grapes, can be classified as monomeric,
oligomeric, and polymeric flavan-3-ols (condensed tannins).>!
Tannins play an important role in the quality of wine, since
they contribute to sensory aspects such as color, bitterness, and
astringency and structure of the wine.

The composition of wine mainly depends on grape
variety, followed by the winemaking techniques. The sugar,
acid, tannin, anthocyanin, phenolic, and aromatic compound
contents of the grapes and their interactions play key roles in
the composition of wines.3? Enological practices in winemak-
ing can affect wine production, composition, and quality.

In summary, wine characteristics are mainly determined
by the combination and interaction of phenolic compounds
of grapes and its changes during the winemaking process.
The main constituents of red wine, with important effects on
pathophysiological mechanisms, are reported below.

Effect of Wine Constituents on Biological Functions
Wine has avarying concentration of water, alcohol, and phenolic
compounds, of which tannins, resveratrol, and quercetin have
been the most studied. These polyphenols have positive effects
on cardiac function and prevention of cardiovascular diseases,
by modulating cellular and molecular mechanisms that lead to
anti-inflammatory, antioxidant, and hypotensive responses.®*
Some of these mechanisms have been well described and
explored in therapeutic and preventive approaches for cardio-
vascular diseases.

The effects of alcohol. High consumption of alcohol may
lead to lipid peroxidation, in which ROS cause damage to the
cell membranes, sometimes irreversible to the cell.>> Alcohol
stimulates the activity of the enzyme cytochrome P450 and
alters the levels of some metals in the body, contributing to

ROS production.®® In tissues, exacerbated ROS generation
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triggers a cascading inflammatory response, which affects
homeostasis and culminates in tissue injury and establishment
of a disease. In this context, the negative effect of alcohol has
been well described, particularly on the liver, causing severe
alcohol-related liver diseases.3”

On the other hand, light-to-moderate consumption
of alcohol can bring benefits to health. Chronic intake of
light-to-moderate doses of alcohol may increase HDL levels
and decrease LDL oxidation.®® In addition, prior ethanol
administration (ethanol preconditioning) induces a mild
oxidative stress that has a protective effect against ischemia/
reperfusion-induced brain damage.’’ In fact, the level of
alcohol intake is closely related to ROS production and their
deleterious effects—a low concentration is essential for the
physiological degradation of polyunsaturated fatty acids,
whereas high concentrations of ROS cause potential damages
to cellular components, giving rise to endothelial dysfunction
and other conditions.*® Also, Agarwal pointed out the influ-
ence of moderate consumption of alcohol on preventing blood
coagulation and reducing platelet aggregation.84!

Moderate alcohol consumption is also related to decreased
insulin resistance in skeletal muscle, and such insulin-
sensitizing activity may be related to improved production of
AMP-activated protein kinase, generated by the metabolism
of acetate in peripheral tissues, and involved in glucose uptake
(among other functions).*? Finally, moderate alcohol intake
also raises the paraoxonase 1 (PON1) levels,” an enzyme that,
among other functions, prevents the oxidation of LDL and
increases levels of homocysteine.® These beneficial effects of
alcohol have been mostly associated with the phenolic com-
pounds present in red wine.

The role of polyphenols. In vitro studies and preclinical
models have demonstrated the association of wine polyphe-
nols with activation of antioxidant and anti-inflammatory
mechanisms. Flavonoids, particularly quercetins, catechins,

1,4 also act against free radicals, aller-

tannins, and resveratro
gies, inflammation, ulcers, viruses, tumors, and hepatotoxins,
inhibit platelet aggregation, reduce heart disease and stroke
risk, and is involved in the synthesis of estrogen. Addition-
ally, these molecules, present in almost all varieties of red
wine, have their action in cells and tissues adjacent to blood
vessels, mainly in the endothelium. In addition to the already
mentioned functions, they have a direct role in the reduction of
cell proliferation,* which can be exploited for cancer therapy.

Anthoxanthins, flavans, and anthocyanidins. The main anti-
oxidant mechanism of catechins, a flavan-3-ol quite abundant
in grape and red wine, is related to the inhibition of nuclear
factor kappa-B (NF-xB), a transcription factor that activates
inflammatory cytokines in tissue injury or ischemia.*® These
cytokines are released in tissue oxidative damage affecting the
liver, heart, lungs, kidney, and vascular endothelium, related
to chronic diseases or aging.

Epigallocatechin has been shown to mitigate the pro-
liferation of vascular smooth muscle cells, induced by

interleukin-1-beta (IL-1B, a potent proinflammatory cytokine),
and that contributes to atherosclerosis. Besides, this polyphe-
nolic catechin also reduces the release of ROS and activates
the synthesis of antioxidant enzymes.*’ In vitro experiments
also showed the potential role of epigallocatechin in prevent-
ing skin aging, as it protects against oxidative stress-induced
apoptosis in fibroblasts by inhibiting phosphorylation of p38
and c-Jun N-terminal kinases.*®

The hydroxylation of the catechin monomer results in
proanthocyanidin polymers (the so-called condensed tannins).
Proanthocyanidins have beneficial effects on human health due
to antioxidant, antimicrobial, and antiallergic properties.* In
addition, these molecules inhibit the angiotensin-converting
enzyme, preventing the formation of angiotensin II, a potent
vasoconstrictor.’® Interestingly, a preclinical study carried out
on dyslipidemic obese rats showed that proanthocyanidins, in
association with docosahexaenoic acid, were able to modulate
the expression of microRNAs, such as miR-33a and miR-122,
which are the major regulators of lipid metabolism in the liver.*!

Quercetin strongly induces the activity of antioxidant
enzymes such as heme oxygenase, glutathione S-transferase,
and thioredoxin reductase.’® Besides, this flavonol is able
to upregulate nitric oxide synthase (NOS) expression and
decrease oxidative stress. Quercetin was also reported as an
anti-inflammatory compound, due to its role in mediating the
reduction of the expression of Toll-like receptors (TLR2 and
TLR4) by inhibiting NF-kB translocation to the nucleus.’®
In addition, the reduction of excessive production of nitric
oxide by phenolic compounds has also been analyzed and evi-
denced in aorta of rats subjected to a diet with alcohol-free
red wine,** suggesting that both quercetin and catechin not
only activate antioxidant mechanisms but are also capable to
modulate them. Moreover, quercetin also seems to be associ-
ated with the inhibition of cell proliferation, attenuating the
progression of some cancers,” and with reduction of blood
pressure®® and obesity.”” Shimizu et al*” showed that querce-
tin reduces the gene expression of apolipoproteins, including
apolipoprotein B (apoB), in human enterocytes.

Stilbenoids. In terms of health effects of wine constitu-
ents, resveratrol has been the most studied element, in both
animal models and clinical trials. First, resveratrol is a key
regulator of homeostasis, acting on gene regulation (chromatin
remodeling), protein synthesis, posttranslation modifications,
enzymatic function, apoptosis, signal transduction (kinase
activation/inhibition), and modulation of intracellular calcium
concentration.*»*® Considering its mechanism of action,
resveratrol is able to modulate the inflammatory response in a
balanced way: inflammatory cytokines, such as tumor necrosis
factor-alpha (TNF-), IL-1B, and interleukin-6 (IL-6), have
already been demonstrated to be either induced or repressed by
resveratrol.” In this scenario, resveratrol is also able to inhibit
inflammatory enzymes, such as the inducible isoforms of NOS
(iNOS) and cyclooxygenase-1 (COX-1), adhesion molecules,
and the NF-xB. Olas and Wachowicz showed that resveratrol
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Figure 1. Red wine constituents and their action on biological mechanisms. Phenolic compounds and alcohol obtained from light-to-moderate
consumption of wine may balance organic functions related to homeostasis, inflammation, and oxidation, leading to benefits that may assist in the

recovery of cardiovascular pathologies and other chronic diseases.

is capable of inhibiting the synthesis of thromboxane and
reducing platelet aggregation.®® Further, in addition to its
influence on cell signaling, inflammatory, and antioxidant
profile,®! resveratrol can suppress acute and chronic pain by
inhibiting the mammalian target of rapamycin (mTOR) and
the extracellular signal-regulated kinase signaling in neuronal
cells.®? Finally, Peltz et al demonstrated distinct and dynamic
actions of resveratrol on human mesenchymal stem cells,®
highlighting its role in tissue repair, which is very attractive
to regenerative medicine.®* Furthermore, resveratrol acti-
vates sirtuins, a class of protein deacetylases that regulate
metabolism, stress responses, and aging processes.®® In this
way, resveratrol, in a dosage-dependent manner, regulates the
expression of genes associated with cell cycle, cell senescence,
and longevity, implicated on both cell self-renewal and difter-
entiation capacity of mesenchymal stem cells. Together, these
data corroborate the potential use of red wine as a functional
food, supported by its anti-inflammatory and antioxidant
functions, and its contribution to tissue repair processes.

The elucidation of cellular and molecular mechanisms
modulated by phenolic constituents present in red wine con-
tributes to the understanding of the potential beneficial effects
of these compounds on the prevention and treatment of several
chronic diseases such as cardiovascular and inflammatory dis-
eases and cancer (Fig. 1).33%446 These effects become even
more pronounced when a light-to-moderate wine consump-
tion is associated with a healthy lifestyle and habits, such as the

adoption of the Mediterranean diet and physical activity.®”68

Studies in Humans Regarding Cardiometabolic
Factors and Wine

Several clinical studies have been made in both healthy
volunteers and individuals with chronic diseases (dyslipid-
emia, hypertension, type 2 diabetes mellitus [T2DM], meta-
bolic syndrome [MS], and coronary heart disease), regarding

the effects of wine consumption on metabolic, inflammatory,
and cardiovascular parameters. However, it is noteworthy
that these effects are dependent on the bioavailability of the
phenolic compounds, which may be affected by many factors,
such as environmental, food processing (thermal treatments,
cooking techniques, storage), and dietary factors (presence of
positive or negative effectors of absorption, such as meals rich
in fats and fibers), interactions with other compounds (poly-
phenols with similar mechanism of absorption), chemical
structure of polyphenols and their concentrations in food, and
host-related factors (intestinal factors such as enzyme activity,
transit time, and microbiota; age; gender; presence of diseases;
and genetic condition).®” Some clinical trials that evaluated
the beneficial effects of wine consumption (for a minimum of
15 days) on cardiometabolic factors in nonhealthy subjects are
described below.

In individuals with dyslipidemia, a trend toward signifi-
cance for decreased LDL/HDL ratio levels (P = 0.05) was
detected after red wine consumption for 30 days,”® and in
hypercholesterolemic postmenopausal women, chronic con-
sumption of red wine significantly reduced the LDL levels
by 8% and increased the HDL levels by 17%.7! In patients
with well-controlled T2DM, the consumption of 150 mL/day
of red wine at dinner for two years significantly increased
HDL and apolipoprotein Al levels, and decreased the total
cholesterol/HDL ratio.”> Apolipoprotein A1 and A2 and
HDL levels increased in men at high cardiovascular risk who
consumed 30 g alcohol/day of red wine for four weeks.”

As previously mentioned, white wine is composed of a
minor amount of phenolic compounds when compared to red
wine, but its effects on metabolic parameters regarding lipidic,
glycidic, and inflammatory profile in nonhealthy individuals
have also been evaluated. Eighteen patients with MS con-
sumed white wine for four weeks, and no changes were detected
regarding total cholesterol, LDL, triglyceride, and fasting
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plasma glucose levels; however, homeostasis model assessment
of insulin release decreased significantly (P = 0.002).”* The
impact of white wine in combination with extra-virgin olive oil
on inflammatory profile was evaluated in patients with chronic
kidney disease KDOQI stages III-IV. Subjects were allocated
to two weeks of treatment with extra-virgin olive oil alone or
white wine (4 mL/kg body weight, 0.48 g/kg of alcohol 12%,
corresponding to 23 glasses/daily) plus extra-virgin olive oil.
Plasma C-reactive protein (CRP) and IL-6 levels decreased
after wine plus olive oil consumption, but no difference was
detected after the treatment with olive oil alone.”

Ventricular dyssynchrony and inflammatory mark-
ers were evaluated in 115 individuals with T2DM who had
sustained a first nonfatal myocardial infarction and were
randomized to receive red wine (during a meal) or not (con-
trol group). After one year of intervention, compared to the
treatment group, all inflammatory markers (CRP, TNF-a,
IL-6, IL-18, and nitrotyrosine) were increased, and echo-
cardiographic parameters indicated ventricular dyssynchrony
in the control group.” In another study that evaluated meta-
bolic, autonomic, hemodynamic, and endothelial responses in
subjects with hypercholesterolemia or arterial hypertension,
250 mL/day of red wine for 15 days decreased blood pressure
levels and vascular resistance, enhanced muscle sympathetic
fibular nerve activity in hypertensive and hypercholesterol-
emic individuals, and restored brachial artery flow-mediated
dilation in hypercholesterolemic patients.””

In this review, we described that alcohol and specific phe-
nolic compounds may have different effects on different meta-
bolic factors. Although the beneficial effects of these compounds
on cardiometabolic traits have been indicated by several studies,
the results of clinical studies should be interpreted with cau-
tion. Limitations of many of these studies include small
sample size, short-term evaluation of wine consumption (mak-
ing the extrapolation of the results to longer periods of wine
consumption difficult), and lack of measurements of phenolic
compounds in plasma, urine, or even in the wines used as inter-
vention. Besides, several issues in these studies deserve careful
consideration, including the heterogeneity and genetic variabil-
ity of the populations, the use of medications and their interac-
tions with phenolic compounds, the different amounts of wine
used as intervention, the lack of data regarding other dietary
sources of polyphenols consumed by the subjects, and different
methods used to evaluate the same outcome. Thus, further ran-
domized, clinical trials evaluating the effects of long-term con-
sumption of red wine are necessary, taking into account the safe
limits of alcohol intake for each group. Additionally, although
much has been known about the properties of wine, how differ-
ent compounds of different grape varieties might help in thera-
peutic approaches need to be explored.

Conclusion
Studies conducted in humans have evidenced that phenolic
compounds, as well as ethanol present in red wine, can have

beneficial effects on health, due to its anti-inflammatory and
antioxidant properties and their role in tissue repair processes.
These processes are modulated due to antioxidant and anti-
inflammatory capabilities of the components of the wine.
Such mechanisms help the organic systems in bringing assis-
tance to cellular and tissue functions. However, despite the
protective effects of these phenolic constituents, the amount
of wine consumed deserves attention, since a chronic excessive
intake may lead to an exacerbated response, oxidative stress,
endothelial dysfunction, and cardiovascular disease.
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