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Abstract

Resveratrol (RV) is a polyphenol non-flavonoid compound
present in strongly pigmented vegetables and fresh fruits as
well as dried nuts such as peanuts. High concentrations of
this natural compound were found, in the modern occiden-
tal world, in the peel of the berries of the red grape Vitis
vinifera, but usage of this natural drug in popular medicine
has been documented much earlier. Resveratrol exhibits
diverse biological activities such as antitumor, antioxidant,
antiviral, and phytoestrogenic. In particular, as the work
reported from our laboratories, the compound shows an
inhibitory effect on murine polyomavirus DNA replication,
while at higher concentrations, RV shows a significant
cytotoxic effect. This complex dose-dependent behavior is
not intrinsic to the drug. Other natural substances behave in
a similar way, curcumin and a semi-purified fraction of the
whole neem oil being two different examples. Most likely,
the administration of RV to cultured cells alters the perme-
ability and fluidity of the cell membrane. Also, data
presented in literature ascribe to RV an antiproliferative
action, thus rendering this drug a good candidate for the
control of neoplastic growth. The potential usage of RV
both in human and veterinary medicine is also examined in
this review.
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1 Prologue

The expression “the research on natural compounds and
nutraceuticals is in a continuous and ever growing expan-
sion” may sound overused, if not abused and trivial. But, just
to give the reader an example about the validity and timeli-
ness of this saying, we will report on a result easily acquired
from a simple and quick literature database search. When one
of us (G. R.) was invited to write a chapter for a book on
Nutraceuticals: Efficacy, Safety and Toxicity, back in 2016
(Risuleo 2016), the number of review articles published,
from the 1960s of last century up to 2014, on the general
subject “natural substances and their biological activities,”
was about 1650. Now the same search using simply resvera-
trol, as a keyword, yields an amazing 1560 entries (only in
terms of review articles) from 2001 up to the present days. It
is easy to assert, therefore, that the general interest on this
topic has not at all dwindled but remains a central theme for
the research in alternative commodities, foodstuffs, and, last
but not least, drugs aimed at therapeutic usages.

In this condensed chapter, we shall focus on resveratrol as a
potential medicinal remedy in the human and veterinary field.
In any case, an overview on the biological properties of resver-
atrol is necessary. We deliberately kept the language very plain
and comprehensible also to scientists not necessarily or directly
engaged in biomolecular/physical research on natural
compounds, as well as to the layman and people interested in
alternative ways to look at nutrition and health care. As a
matter of fact, we are convinced that a subject raising such a
vivid attention should be easily accessed by everybody.

2 Introduction

2.1 Phytoalexins in a Nutshell

Phytoalexins are natural compounds endowed of antimicro-
bial and antioxidative action; they include molecules like

terpenoids, glycosteroids, and alkaloids. They are synthesized
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de novo by plants under stress conditions which may origi-
nate, for example, by a pathogenic attack and/or by physical
adverse conditions, e.g., drought. Pathogen infection may
cause a rapid accumulation of phytotoxic substances, at the
site of infection: here, phytoalexins show their character as
broad-spectrum inhibitors of the infectious progression. The
family of phytoalexins has manifold chemical characteristic
and includes terpenoids, glycosteroids, and alkaloids. In any
case, the definition of phytoalexin is applied to all types of
phytochemical molecules involved in the plant defense: in
a very broad sense, their action could be compared to the
animal immune system. As a matter of fact, the susceptibility
of the plant tissue to infection increases when the biosynthesis
phytoalexin is inhibited. With respect to this, authors showed
that plant mutants incapable of producing these natural
“defenders” are more vulnerable to pathogen colonization
as compared to wild type; conversely, host-specific pathogens
able to degrade phytoalexins cause a higher virulence
toward the plant (Glazebrook and Ausbel 1994; Thomma
et al. 1999).

As mentioned above, polyphenols, flavonoids, and chem-
ically related substances play a key role in the defense against
fungal and other pathogens. We shall mention here a few
examples of these “plant-protective” molecules:

Danielone is a phytoalexin found in the fruit of the papaya
plant (Carica papaya) showing a potent antifungal activity
against Colletotrichum gloeosporioides, an infectious patho-
genic fungus (Echeverri et al. 1997).

Sakuranetin is a flavanone found in rice and other
exotic plant like Polymnia fruticosa where it inhibits the
germination of the spores of Magnaporthe grisea (Molnér
et al. 2010; Cho and Lee 2015). Finally, it has been suggested
that in Sorghum, the interactions with the abovementioned
Colletotrichum seem to be inhibited by the expression of
the SbF3’H2 through the synthesis of the pathogen-specific
phytoalexins 3-deoxyanthocyanidin (Shih et al. 2006) whose
gene encodes a flavonoid 3’-hydroxylase.

Stilbenes are produced in Eucalyptus sideroxylon in
case of pathogens attacks. Such compounds can be implied
in the hypersensitive response of plants. Actually one of
the reasons why some woods show a natural preservation
against rot may reside in the presence of high levels of
polyphenols as reported by a “classical” work by Hart and
Hillis (1974).

Finally, going back to the main subject of our work, also
resveratrol belongs to the chemical family of phytoalexins. In
particular trans-resveratrol in Vitis vinifera grapes is pro-
duced by the plant to combat the infection and proliferation
of fungal pathogens such as Botrytis cinerea (Favaron et al.
2009). Figure 1 shows the structures of some common
phytoalexins with different chemical features.

G. Risuleo and C. La Mesa

From what we have briefly discussed above, it is clear that
the importance of these molecules goes beyond the intrinsic
scientific interest and derives also by their enormous commer-
cial significance. In fact phytoalexins may be considered very
important to counteract plant disease and more in general in
pest control.

This brief overview on phytoalexins, however, is far from
being exhaustive; the reader who wants to deepen this subject
should refer to reviews dealing specifically with this matter.
See for instance: (Harborne 1999; Ahuja et al. 2012;
GroBkinsky et al. 2012; Sanchez Maldonado et al. 2015;
Meyer et al. 2016; Oliveira et al. 2016; Burow and Halkier
2017; Santos Silva et al. 2018).

2.2 Resveratrol: The Molecule and Its

Synthesis

As mentioned above, resveratrol is a phytoalexin of natural
origin produced by both bryophytes and higher plants in
response to stimuli of different nature. Resveratrol is a
stilbenoid with a low molecular weight (MW = 22825
dal); it is characterized by two aromatic rings linked by an
ethane or ethylene residue. The aromatic rings that compose
it present three hydroxyl groups at positions 3’, 4, and 5'. In
the IUPAC nomenclature is classified as 5-[(E)-2-
(4-idrossiphenil)-ethenil] benzene-1,3-diol, but it is also
known as 3,4,5 tri-hydroy-stilbene or 3,4,5 stilbene-triol.

In plants, the synthesis of RV is mediated by the enzyme,
resveratrol synthase (Schroder et al. 1988). The drug is nor-
mally found in two geometric isomer forms: cis-(Z) and
trans-(E) resveratrol; both isomers can exist in a free or
glucose-bound form. The cis—trans isomer transition occurs
by photoisomerization, a process mediated by UV-light
(Mattivi et al. 1995; Lamuela-Raventos et al. 1995) (Fig. 2).

Resveratrol is water soluble up to a concentration of
16.9 mg/L at 25 °C, but solubility is higher in ethanol. Its
melting temperature is 253 °C. In addition, the trans-resvera-
trol powder is stable at 40 °C in the presence of air and in a
relatively dry atmosphere (75% humidity). This isomer is also
stabilized by the presence of transport proteins (Prokop et al.
2006, see also below). The commercially available prepara-
tion consists of a white powder with a yellowish-orange hue.

Resveratrol is synthesized in Vitis vinifera following the
metabolic pathway of the phenyl-propanoids (Dixon and Paiva
1995) where the starting compound is phenylalanine. The
enzyme phenylalanine ammonium lyase mediates the elimina-
tion of the NH2 group from the amino acid and catalyzes the
formation of cinnamic acid: the series of metabolic steps
leading to the synthesis of RV is shown in Fig. 3 (reproduced
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Fig. 1 Structure and function of some common natural substances. Top
panel: The terpenoids, also known as isoprenoids, derive from terpenes
which are hydrocarbons with additional functional groups, usually
containing an oxygen atom. They form a large and diverse class of
natural organic chemicals. About 60% of known natural products are
terpenoids. The figure reports the chemical structure of the terpenoid
taxol, a well-known anticancer drug obtained from the tree Taxus
baccata and now produced also in laboratory in plant cell culture
systems. Center panel: Steroids are biologically active organic
compounds with four rings arranged in a specific molecular configura-
tion. They are important components of cell membranes playing a role
in membrane fluidity. They may also function as signaling molecules. A
large number of steroids are found in plants, fungi, and animals. Bottom

(12%)

(4%)

panel: Alkaloids can be purified from crude extracts by acid-base
extraction by bacteria, fungi, plants, and animals. They show a very
broad range of pharmacological activities. Unlike other natural
compounds, alkaloids are characterized by a great structural and func-
tional diversity; therefore their univocal classification is almost impos-
sible. Obsolete methods have classified alkaloids by the common natural
plant source. This was due mainly to lack of knowledge about their
chemical structure. More recent classifications are based on similarity of
the carbon skeleton or the biochemical precursor. However, due their
diversity the classification of alkaloids is sometimes still uncertain. The
picture shows the structure formula of caffeine and its metabolic
modifications
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Fig. 2 (a) Empirical and
structure formulas of cis-
resveratrol (left and right,
respectively). The number of C,
H, and O atoms is also given. (b)
Structure formula of cis- and
trans-resveratrol (left and right,
respectively). (¢) Transition of
resveratrol into the two known

isomers mediated by UV light Ci14H 1,05
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with modifications from: Soleas et al. 1997; Schroder 1999;
Jeandet et al. 2002, Cichewicz and Kouzi 2002).

23 Occurrence in Nature

Resveratrol was originally found in the berries of the wine
grape (Vitis vinifera), but it is also present in the roots, seeds,
and stock of the plant. The highest concentration is found in
the peel of the berries although the content may vary signifi-
cantly depending upon the fruit source from which resvera-
trol is extracted and upon the way the fruit is processed. Red
wine contains a relevant amount of RV, but it can be also
obtained from diverse sources like pea- and pine nuts as well
as mulberries: actually the compound can be isolated from all
intensely pigmented fruits (Table 1 shows the amount of RV
present in various foods and beverages). In any case, this
natural product is known since centuries and was used in the
Japanese and Chinese traditional medicine: actually, RV was

OH
HO\,N‘
OH
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obtained in its crude original form, from the desiccated roots
of the Japanese knotweed (Polygonum cuspidatum) where is
present at a 400-fold higher concentration as compared to
grapes or red wine (Fig. 4).

3 Relevant Biological Actions

3.1 Antitumor Activity in Mammals

The main feature of a transformed tumor cell is represented by
its unregulated proliferation that determines a significantly
increase in duplicative speed as compared to normal tissue
cells. There are a number of reasons accounting for this meta-
bolic dysregulation, essentially loss of control of the cell cycle
and/or evasion from the apoptotic death mechanisms which
represent the principal mode to control differentiation and size
of the cell population. With respect to this, cyclins constitute a
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Fig. 3 Schematic illustration of the RV chemical biosynthesis of Vitis vinifera. See text for details

Table 1 Resveratrol content in various commercially available commodities

Resveratrol (mg/100 mL)

Food Total resveratrol (mg/100 gm) Beverages and seasonings Mean Range

Peanuts 0.08 Red wine 0.27 0-2.78

Peanut, roasted 0.06 Rosé wine 0.12 5.00 x 1073 t0 0.29
Peanut butter 0.04 White wine 0.04 0.00-0.17

Red grapes 0.24-1.25" Sparkling wine 9.00 x 1073 8.00 x 102 to 1.00 x 1072
Cocoa powder 0.14-0.23* Green grape juice 5.08 x 1073 0.00 to 1.00 x 102
Cocoa—chocolate (dark) 0.04* Vinegar 6.86 x 1072 0.02-7.75
Pistachio, dehulled 0.11

Lingonberry, raw 3.00

Red currant, raw 1.57

Strawberry, raw 0.35

Re-elaborated from stilbenes resveratrol in foods and beverages. Phenol-Explorer 2016. Link: http://phenol-explorer.eu/contents/polyphenol/592

“These values may vary according to the cultivar of red grapes, the hydration of the powder (cocoa), or its percentage (w/w) in the finished product
(chocolate). The same applies to wines and seasonings. Furthermore, the RV content in wine is different from that of grapes since its extraction from
the fruit depends on the wine making and fermentation techniques (e.g., the duration of the contact time with the peels of the grape berries). Also,
resveratrol in its 3-glucosidic form is hydrolyzed, thus yielding both frans- and cis-resveratrol. Data for soy sauce and other oriental seasonings as
well traditional foods like kosher pickles are not available. Traces of resveratrol and other lycopenes, on the other hand, are present in cosmetics, but
the skin adsorption of these compounds deserves further assessment
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Fig. 4 Top panels. (a) Graphic representation of the plant Polygonum
cuspidatum also known as Fallopia japonica. (b) Desiccated roots of the
plant; trans-resveratrol chemical formula; final commercially available
powder. (c¢) Bunches of wine blue grapes. (d) The final product, red

family of protein factors able to regulate the correct execution
and completion of the cell cycle: if the block in G1 phase takes
place, the apoptotic pathway is activated. This phenomenon
was observed, for instance, in the human epidermal carcinoma
(Ahmad et al. 2001), and somewhat more recent data
demonstrated the hindrance of progression toward the S
phase (Liao et al. 2010). With respect to this, RV has been
shown to modulate the cdk-cyclin-dependent mechanisms.
This drug has been also involved in the development of the
human colon-rectal since it induces clustering of the Fas ligand
and its redistribution in sphingolipid matrix of the transformed
cells which, in turn, is associated with the formation of DISC
(death-inducing signaling complex; Delmas et al. 2011). Stud-
ies in a mouse model of epidermal tumor in mammary glands
demonstrate that RV counteracts tumorigenesis. Resveratrol

wine. Due to its high content of resveratrol, the moderate assumption of
red wine is considered beneficial (the French paradox). However, it
should be borne in mind that the “liberal” usage of alcoholic beverages
is highly detrimental for the psychophysical human conditions

also increases the antitumor activity of the mTOR inhibitors,
and finally, it represses the activation pathway of tumor-
stimulating factors in mammary tumor cell lines (He et al.
2011). The gene product nf-kb is involved in the regulation
of a vast number of protein factors modulating very complex
biological phenomena such as inflammation, cell proliferation,
and carcinogenesis: it has been suggested that RV inhibits the
action of this factor (Singh et al. 2011). An interesting consid-
eration, not directly associated to the antitumor property of
RYV, is that this compound is also a regulator of the human
SIRT-1 gene which encodes a protein involved in aging and is
considered as a potential factor of longevity (Signorelli and
Ghidoni 2005; Singh et al. 2011). However, as of 2018, the
evidence that resveratrol has life-prolonging properties in
humans remains a matter of debate. Furthermore, the limited
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bioavailability of resveratrol may further impede its potential
effects (Pallauf et al. 2016; Wahl et al. 2018. See also the
section on RV pharmacology in this chapter).

3.2 Antioxidant Properties

The main causative agent of atherosclerosis, and chronic
artery inflammation, depends both on the individual lifestyle
and environmental conditions. Therefore, tobacco smoking,
pollution, hypercholesterolemia, hypertension, and other
conditions (e.g., diabetes and obesity) are at the basis of
cardiac/coronary problems. One of the final stages in the
complex genesis of atherosclerosis is the damage of the
vasal endothelium, the deposit of the low-density lipid frac-
tion (LDL) and, finally, the aggregation of platelets. Resver-
atrol may play a protective role due to its very high
antioxidant character (Matos et al. 2012): for instance, treat-
ment of bovine aorta cells with RV delays the formation of
the atheroma. Parallel treatment with mitosis-stimulating
factors such as PDGF may act synergistically with RV
(Araim et al. 2002).

Lipids containing unsaturated fatty acids, or their esters,
are oxidized by the molecular oxygen present in cells; lipid
peroxidation is a direct consequence of the formation of free
reactive oxygen species (ROS). Resveratrol can inhibit the
oxidation of the low-density lipid (LDL) fraction circulating
in the blood. This oxidation is a primary event in the devel-
opment of atherosclerosis: the strong antioxidant character of
RYV attenuates the formation of ROS and, consequently, the
cytotoxicity induced by LDL peroxidation as well as the
accumulation of intracellular calcium which is also an effect
induced by the drug. The final result is the inhibition of
caspase-3, an enzyme playing a crucial role in the execution
of apoptosis (Shalini et al. 2015). It should be considered that
high levels of ROS stimulate platelet aggregation: also in this
case, the antioxidant action of the drug and its ability to
reduce platelet adhesion to the type I collagen enable trans-
resveratrol to limit this phenomenon. This ends in an
impairment of blood coagulation and establishment of the
atherosclerotic process (Zbikowska et al. 1999).

33 Cell Death

The strong antioxidant activity of RV with consequent pro-
tection from cell damage, as repeatedly stated above, is
common knowledge; however the drug may also paradoxi-
cally induce apoptosis and autophagy (Kou and Chen 2017).
These effects, monitored in a time- and concentration-
dependent mode, were demonstrated in different models
of cell cultures (Berardi et al. 2009; Whitlock and Baek
2012; Aluyen et al. 2012; Hasima and Ozpolat 2014).
Cytofluorimetric analysis also showed activation of the
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apoptotic marker factors and the occurrence of typical apo-
ptotic morpho-functional alterations (Zhang et al. 2011). In
any case the preferential target of RV seems to be represented
by the transformed cells (Berardi et al. 2009; Zhang et al.
2012; Risuleo 2016). As far as the cell cycle is concerned,
RV can induce an arrest in S phase in murine pre-adipocytes
and a significant increase of the intracellular concentration of
lactic dehydrogenase (LDH): a hallmark of apoptosis. How-
ever the paradoxical effects of the drug which can protect the
cell or vice versa induce its death, and its synergistic effects
with diverse antioxidant, are a clear sign of the complex
interactions of the drug with the target cells. A number of
studies demonstrated that this behavior is shared by other
natural products (see for instance: De la Lastra and Villegas
2007; Ricci et al. 2009; Chen et al. 2011; Ullah et al. 2015;
Wang et al. 2012).

34 Antiviral Activity

The first evidence of the antiviral action of RV dates back to
1999 when the inhibition of the replication of herpes simplex
virus (HSV) was published (Docherty et al. 1999). Also, its
improving effects in a mouse model system of vaginal infec-
tion were also shown (Docherty et al. 2005). Subsequently
the same authors demonstrated the RV-dependent inhibition
of varicella-zoster DNA replication in a human fibroblast cell
line. This action is exerted in the early phases of the infection
mainly at the level viral mRNA transcription (Docherty et al.
20006). Later studies, however, ascribed this indirect antiviral
action to the inhibition by RV of the formation of the NF-kb
dimeric complex, an essential prerequisite for DNA synthesis
(Gregory et al. 2004); an analogous phenomenon occurs in
the case of influenza A virus where the proteins necessary for
the assembly and maturation of the viral capsid, after cyto-
plasmic synthesis, are not efficiently transported to the
nucleus (Palamara et al. 2005). Relatively recent work
suggested a possible role of RV in the control of the
complications after the infection by the HIN1 virus. As
reviewed by Uchide and Toyoda, this negative control
would be due to the RV-mediated neutralization of the super-
oxide anion produced by macrophages which would limit the
consequences of the viral infection. Resveratrol has also been
suggested to influence negatively the vitality of lymphoma
cells infected with the Epstein-Barr virus (De Leo et al. 2012)
which is involved in different human pathologies (Tooze
1981).

It has been suggested that RV may also have a role in the
control of the HIV infection in humans since it potentiates the
action of antiviral agents used in anti-HIV therapy; however
due to the extremely complicated pathological picture of
AIDS, in the opinion of the authors of this chapter, this
observation deserves further and deeper evaluation. Finally,
in our laboratory, we explored the action of RV on the murine
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polyomavirus (Py) replication. Also in this case, RV has
shown strong antiviral properties since it reduces the viral
DNA synthesis both in murine fibroblasts and in human
promyelocytic leukemia cells. The inhibition occurs at low
non-cytotoxic doses of the drug which does not seem to
impede viral adsorption and entry into the cell. These data
combined with other observations from our laboratory on
another natural substance strongly suggest that the cell mem-
brane is the main target of RV (Ricci et al. 2009; Aiello et al.
2011). In particular, the role of the membrane permeability
with respect to the RV bioactivity will be discussed in further
detail in the following section.

35 Resveratrol and the Cell Membrane

What discussed previously opens new questions about the
mode of action of RV in particular: How does the drug find its
target(s)? Is the multifaceted “therapeutic” efficacy also
mediated by binding molecular carriers which improve the
penetration across the cell membrane and stabilize its intra-
cellular “survival?” Finally, is it possible to construct “cargo”
vehicles able to deliver to right cell district thus improving its
efficacy? This aspect, in particular, will be the subject of
another chapter.

In any case, albumin could act as a good transporter since
this protein is able to bind amphiphilic molecules, and in
addition to RV, it interacts with other natural substances
such as genistein and curcumin (Bourassa 2010). Studies
indicate that RV is able to bind one of the major human
plasma proteins (HAS). However, the amount of bound
drug is inversely proportional to its plasma concentration
which makes this result of very difficult interpretation
(Jiang 2008). The entry of RV has been suggested to occur
through a clathrin-independent process of endocytosis; but
lipid rafts seem to play a role since agents that damage their
functionality also inhibit penetration of the drug within the
cell (Colin et al. 2011). We investigated the mechanism of
RV entry into the cell by electrorotation: a biophysical
approach which was amply discussed and reviewed
(Bonincontro and Risuleo 2015). By this experimental strat-
egy, we were able to evaluate the cell membrane function and
intrinsic role in mediating the action of RV. Result from our
laboratory demonstrates that the drug is promptly uptaken by
the cell population which is not blocked in G1 at a relevant
extent (Berardi et al. 2009; Bonincontro et al. 2018).

For a more detailed review on the various and diversified
biological properties of resveratrol, the reader should address
a previously published work (Risuleo 2016). Table 2 reports
a synopsis of the different bioactivities of the drug and the
related reference data.

G. Risuleo and C. La Mesa

Table 2 Activities/properties exhibited by resveratrol

System
Action/role (s)* Reference/s
Aging AMS, (Sarubbo et al. 2017; McCubrey et al.
HS 2017)
Autophagy/ CCS, (Owen et al. 2017; Tsai et al. 2017; Bhat
cell death AMS et al. 2018; Cao et al. 2018; Fan et al.
2018)
Brain HS, (Castro et al. 2017; Amro et al. 2018;
AMS Lange and Li 2018; Lee et al. 2018)
Cancer CCS, (Crooker et al. 2018; Elshaer et al. 2018;
AMS Espinoza et al. 2018; Huminiecki and
Horbarczuk 2018; Perez-Vizcaino and
Fraga 2018; Zhai et al. 2018)
Cardiovascular | AMS, (Trevifio-Saldafia and Garcia-Rivas 2017,
HS/CT | Bird et al. 2015)
Diabetes AMS, (Oliveira et al. 2017; Zhu et al. 2017,
HS/CT | Popescu et al. 2018)
Skin HS/CT | (Farris et al. 2013; Ganesan and Choi
2016; Chedea et al. 2011)

These features of the drug are additional to those examined in extenso in
the text

#Acronyms: AMS, animal model systems; CCS, cell culture systems;
HS/CT, human systems/clinical trials

4 Pharmacological Aspects:
Pharmacodynamics
and Pharmacokinetics

Resveratrol has been identified as a pan-assay interference
compound, which produces positive results in many different
laboratory assays. The pan-assay-defined compounds may
produce false positives, especially in high-throughput
screenings, since they tend to react in a nonspecific manner
with numerous biological targets within the cell, rather than
affecting a specific one (Baell and Walters 2014). Therefore
some caution is necessary when analyzing the ample spec-
trum of actions inhibited by RV. One of the ways to rational-
ize the multi-target effect of this natural product takes into
account its ability to interact with the cell membrane which
could cause a cascade of effects in other districts of the cell
not directly involved with the membranes (Ingélfsson et al.
2014; Bonincontro and Risuleo 2015, Vang 2015; see also
references on this matter reported above in the section: “Res-
veratrol and the cell membrane”). As a matter of fact, many
and very diverse specific biological targets of resveratrol,
e.g., hormone receptors, apoptotic factors, and cell cycle
regulators, have been identified (Vang 2015). The cell mem-
brane allows the cytoplasm matrix to communicate with the
outer world and acts as a highly selective filter. Biological
membranes participate to a number of transport mechanisms
such as passive osmosis and diffusion. Therefore, their
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Fig. 5 The cartoon depicts the structure of a typical cell membrane. Its
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integrity plays a fundamental role in a number of cell
functions such as metabolism, maintenance of the basal
homeostasis, and, although in an indirect manner, cell differ-
entiation and development. Recently, it has become clear the
role of the cell membrane in “filtering” the paracrine
apoptogenic and/or intrinsic death signals; therefore, any
agent affecting the efficient function of the cell membrane
could play a binary role: helping cell survival and correct
proliferation or vice versa triggering mechanisms leading to
damage; for a relatively recent review, see Mattetti and Risuleo
(2014) and references therein. The complexity and function
multiplicity of the cell membrane are depicted in Fig. 5.

Other studies conducted in vitro indicate that resveratrol
activates sirtuins. These proteins influence a wide variety of
cellular processes such as aging, transcription, apoptosis,
inflammation, and stress resistance, as well as energy effi-
ciency and alertness during energy situations such as
low-calorie diets. Finally, resveratrol seems to stimulate the
production of superoxide dismutase (SOD-2) and GPER
activity. This latter is a G protein that in humans interacts
with the estrogen receptor-1 GPER and is activated by the
female sex hormone. Resveratrol was shown to act in vitro, as
an agonist of peroxisome proliferator-activated receptor
gamma, a nuclear receptor under pharmacological research
as a potential agent for the treatment of type 2 diabetes (Yang
et al. 2015).

One way of administering resveratrol in humans is buccal
delivery without swallowing, that is, by direct absorption
through tissues inside the mouth. One milligram of resvera-
trol in solution (50% alcohol/water) retained in the mouth for
1 min can be monitored 2 min later in the plasma at
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concentration of 37 ng/mL (free resveratrol). This same con-
centration of non-modified native RV is reached after admin-
istration of 250 mg of the drug in a pill form (Asensi et al.
2002). However, the relatively low solubility of RV in water
limits the amount that can be absorbed through the buccal
mucosa. Therefore the viability of the buccal delivery method
is questionable due to the relatively low aqueous solubility of
the molecule. Therefore further assessment of the efficacy of
RV buccal delivery for RV is required (Madhav et al. 2009;
Ansari et al. 2011).

According to pharmacological evaluations, about 70% of
resveratrol is absorbed after oral administration; however its
oral bioavailability is approximately 0.5% due to extensive
chemical modifications, such as glucuronidation and
sulfation, undergone by the drug: these occur at liver level
(Walle 2011). Finally, the production of the RV proprietary
formulation SRT-501 was discontinued by GlaxoSmithKline
since “the company decided to terminate the Phase 2 trial of
SRT501 in multiple myeloma and halt development of the
drug as a potential myeloma treatment. The SRT501 formu-
lation of resveratrol may only offer minimal efficacy, while
increasing the chances of kidney failure.”

See The Myeloma Beacon Staff. Nov 30, 2010 (https://
myelomabeacon.org/news/2010/11/30/glaxosmithkline-
halts-all-further-development-of-resveratrol-drug-srt501/).

Resveratrol was detected in cerebrospinal fluid in a human
study involving oral administration of 500 mg over 13 weeks,
(Turner et al. 2015) which suggests that the drug is able to cross
the blood-cerebrospinal fluid barrier. Resveratrol is also exten-
sively metabolized in the liver and lungs which are the major
sites of its metabolic transformations (Sharan and Nagar 2013).
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5 Adverse Effects

A limited number of human studies have shown that resvera-
trol is generally well-tolerated. Clinical trials showed that one
person taking a 1000 mg daily dose developed an itchy rash
that was resolved after discontinuation; in the same study,
also the blood pressure seemed to be affected. In four of the
published trials, people had increased frequency of bowel
movements and loose stools in first month of the treatment.
In a yearlong Phase 2 trial in people with Alzheimer’s, the
most frequent adverse effects were diarrhea, weight loss, and
nausea (Hausenblas et al. 2014; Fogacci et al. 2018). All in
all, these effects do seem to be very important if one
considers the potential advantages deriving from the treat-
ment with RV.

6 Concluding Remarks and Future
Directions

Control of cell death and senescence seems to be the most
relevant effects of the administration of resveratrol. This
action is essentially exerted through the interaction of RV
with the cell membrane. However, like other natural
products, RV may give rise to paradoxical effects; therefore
its use as a multi-target therapeutic means should be consid-
ered with some caveats. For instance, resveratrol is appar-
ently able to cross the membrane without causing serious
consequences for the cell viability and survival, but its lim-
ited water solubility and bioavailability may reduce the use of
this natural substance for therapeutic purposes. This should
urge the search for new ways to deliver the drug to the cell
population or to the cell district where it may play its role to
contrast and/or eliminate pathological phenomena. In any
case, the usage of this, as well as other medicaments of
natural origin, should be done only after an accurate evalua-
tion of their biocompatibility even though resveratrol does
not seem to show significant adverse effects. With respect to
the pharmacological use of RV, nanotechnologies may be of
great support for an efficient and biocompatible application
for the resolution of health problems. As a matter of fact,
delivery mediated by nanoparticles such as liposomes,
vesicles, or nanotubes may represent the new way for a safe
and efficient way to dispatch molecules endowed of thera-
peutic capacities.
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