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ABSTRACT:
Resveratrol, a naturally occurring phytoalexin is emerged as a potent molecule due to its outstanding biological
properties. Plants containing such phytoalexins have been effectively used for more than 2000 years in the traditional
medicinal preparations like Drakshasava made from Vitis vinifera. .Applications of resveratrol in nutraceutics,
cosmetics and pharmaceutics leads to high demand forits large scale production. This review focuses on the ability of
fungal as well as chemical elicitors for enhancement of resveratrol. It also highlights the natural biosynthesis of
resveratrol with respect to the grapevine. This review presents an overview on significance of grapevine plant for
natural production of resveratrol by use of various biotic and abiotic elicitors in order to achieve the maximum
induction and/or elicitation of resveratrol in the grapevine and its cell suspension. In this review, we summarize the
limitations of resveratrol with respect to its bioavailability and pharmacokinetics along with ecofriendly possible
solutions. In upcoming future, resveratrol would eventually emerge as a promising and cost effective nutraceutical
for management and treatment of various diseases and disorders to achieve the desirable target of WHO’s Global
Action Plan (Yr.2013-2020) of mortality reduction for cancer, cardiovascular diseases, neurodegenerative disorders,
diabetes and chronic respiratory diseases etc. Researchers are trying to develop cost effective techniques to enhance
the bioavailability of resveratrol. The emerging evidence of nano formulations has given the best success in the
digestive processes which ultimately increases the tissue absorption without affecting the activity of resveratrol.
Therefore, application of nanotechnology to improve the quality, potency and bioavailability are in the path of success
so that the large scale production would help to overcome the disorders.
Keywords: Resveratrol, Nutraceutical, Vitis vinefera, Elicitor, Pharmacokinetics, Nano formulations, Bioavailability

1.0 INTRODUCTION
Resveratrol (3,5,4’- trans-hydroxystilbene) is a
polyphenolic compound that belongs to the
stilibene family. [1].It does not enjoy a wide
distribution in the plant world,and has been
reported in few fruits and vegetables employed for

human consumption. It is a pivotal molecule in
plant biology with homologies extending into the
realm of mammalian fatty acid metabolism.It’s
main significance lies in it’s role as parent
molecule of a family of polymers given the name
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viniferin.This compounds is able to inhibit fungal
infection ,a property which has earned its
inclusion in the class of plant antibiotics known as
phytoalexins. [2].Resveratrol is a compound of
highly lipophilic and hydrophilic properties and
assumed to be more effective than certain other
antioxidants like vitamin C and E [3]the trans
isomer of resveratrol is stable under high air
humidity up to 75% and temperature about 40 ºC
[4].Chemically, resveratrol (C14H12O3) is a white
powder with a slight yellow cast having a
molecular weight of 228 .24 g mol−1and melting
point of 253 – 255 ºC. It’s solubility in water is
0.03 g/L whereas in DMSO, it is 16 g/L and 50
g/L in ethanol.[5].
Resveratrol can be found in free (aglycone) or
glycosylated form (piceid) and its oxidative
dimerization leads to the formation of its polymer,
the viniferins [6]. Both aglycone and piceid exists
in cis- or trans- isomeric forms, because their two
phenol rings (linked by a styrene double bond)
generate the more stable form, trans-resveratrol;
but, due to
UV photo-isomerization, transresveratrol is converted to cis-resveratrol [7].Cisresveratrol shows maximum of absorbance at 286
nm, whereas the maximum absorbance for isomer
trans is achieved at 306 nm. Both the cis or trans
isomers are extremely light sensitive and when
protected from light, trans-resveratrol is stable for
at least 28 days in buffers with pH ranging from 1
to 7, while cis-resveratrol is degraded at pH 10 [8]
[Fig.1].

Figure 1. Chemical structures of 1.cis- ((Z)-resveratrol
and 2. trans-resveratrol ((E)-resveratrol

1.1. Biological Significance of Resveratrol in
Plants
Biological significance of resveratrol in plants is
related to an environmental defense mechanism
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and this key phenotype can help researchers to
better understand the properties of resveratrol
[9].Several studies have demonstrated that
resveratrol is produced in response to biotic and
abiotic challenges [10,11] .However, the toxic
effect on plant-pathogenic fungal organisms is the
outstanding purpose of resveratrol in plants
.[12,13].Therefore, when hyphae penetrate
through the epidermis of the plant, it promotes the
production of proteins and carbohydrates that
elicit a plant response. Thus, the plant reacts
blocking or delaying the advancement of the
invader microorganism producing antifungal
compounds such as resveratrol,which acts as a
phytoalexin [14,15,16] Similarly, cell-wall
hydrolysates of pathogens were effective to elicit
a similar response .The rapid accumulation of
these phytoalexins in the vicinity of the pathogen
attack is critical for plant defense . Furthermore,
there is a strong correlation between the tolerance
of fungal strains to phytoalexin and their
pathogenicity on the plant host [17]
1.2. Biosynthetic Pathway of Resveratrol
Resveratrol biosynthetic pathway consists of four
enzymes: phenylalanine ammonia lyase (PAL),
cinnamic acid 4-hydroxylase (C4H), 4-coumarate:
CoA ligase, (4CL), and resveratrol synthase, also
known as stilbene synthase (STS).Only plants
with STS, the last enzyme in the resveratrol
biosynthetic pathway are capable of synthesizing
resveratrol [18].Resveratrol is derived from
shikimate-phenylpropanoid and/or polyketide
pathway [19].The plant shikimate pathway has
two end-products that are the entry to the
biosynthesis of phenylpropanoids: phenylalanine
and tyrosine [20]..Resveratrol is formed on the
phenylalanine/polymalonate pathway, being the
last step of this biosynthesis pathway, and can be
synthesized either from phenylalanine or tyrosine.
Both phenylalanine and tyrosine precursors
produce para-coumaric acid (p-coumaric acid,
also known as para-hydroxycinnamic acid)
[21]para-Coumaric acid is generated from
phenylalanine through phenylalanine ammonia
lyase (PAL) and cinnamate 4 hydroxylase (C4H),
which acts in the cinnamic acid intermediate.
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Tyrosine ammonia lyase (TAL) exerts its activity
directly in tyrosine . [21]. Then, para-coumaric
acid is activated by ligation to coenzyme A (CoA)
by 4-coumaroyl:CoA ligase (4CL) and in the
pathway-committing step, stilbene synthase (STS)
condenses three units of malonyl-CoA (from fatty
acids biosynthesis) with para-coumaroyl-CoA,
forming a linear tetraketide molecule before a
cyclization reaction carried out by STS,
generating resveratrol.[22] trans-Resveratrol can
be modified to trans-piceid by 3-Oglucosyltransferase (3-O-GT) [1] [Fig.2].

Figure 2. Resveratrol biosynthesis via
phenylalanine/polymalonate pathway [23]

1.3. Natural Occurrence of Resveratrol
This phytoalexin is produced by plants in response
to biotic and abiotic stress. Biotic stress includes
mainly microbial or fungal infections [24]. It also
acts as a defenser in case of nematodes or
herbivores attack [21].abiotic stresses results from
mechanical injury [25]Ultra Violet and Infrared
radiation [24]. Ultrasound, ozone and heat [6].
Resveratrol was first isolated from white hellebore
(Veratrum grandiflorum O. Loes) by M. J.
Takaoka in 1940. [1]. .Later in 1963 it was found
in Itadori plant [6].In 1976trans-resveratrol was
discovered in Vitis vinifera(grape vine) by P.
Langcake and R. J. Pryce [8].
It is reported that ,resveratrol production by plants
is also affected by its treatment with chemicals,
such as cupric acid, SA( salicylic acid), jasmonic
acid, ethylene, ALCl3 (aluminum chloride) and
aluminum sulfate [6]and being a stilbene,
resveratrol is a plant-specific natural compound
produced by various plant families, including
Vitaceae, Dipterocapaceae, Gnetaceae, Pinaceae,
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Poaceae,
Fabaceae,
Leguminoseae
and
Cyperaceae [21] and at least in 72 plant species
[27] Resveratrol can be found in grapes and grape
products , peanuts, several types of berries
(cranberries,
bushberries,
blueberries
and
strawberries) [28] ,ferns [22], pines, legumes
[25],pistachios [29] also in flowers and leaves
(such as eucalyptus, spruce, butterfly orchid and
rheum) [27].
2.0.Grapevine as a source of Resveratrol
Although there are various natural sources of
resveratrol,Vitis vinefera(grapevine), one of the
ancient and most widely cultivated fruit crop in
the world is considered as important dietary
source of resveratrol.In the late eighties the
interest of the scientific community towards
grapevine have been increased because of the
epidemiological studies
showing an inverse
relationship between moderate wine consumption
and risk of coronary heart diseases ,the so called
‘French Paradox’ and since then, grapes and wine
have been in the spotlight. [30].Different research
groups have undertaken the study of grape
metabolomics and revealed the rich profile of
grape including rich source of polyphenolic
compounds including resveratrol which is
implicated in important biological functions of the
body .In recent years, the analyses of grape
composition and its effect on human health led to
the conclusion that resveratrol is one of the key
grape compound responsible for the preventive
and therapeutic abilities of grapevine.
In 1976, Langcake and Pryce published a paper
demonstrating that resveratrol was produced by
Vitis vinifera as a response to infection or injury”.
This work was focused exclusively on its effect on
disease resistance thereafter resveratrol was
studied extensively in grapes for the next 15 years.
[31,32,33].
Most interest has centered upon resveratrol in
grapevines (Vitaceae) because its function as
phytoalexin and its role as a marker of infection
by various pathogens has been most intensively
investigated in this genus , and results appear to
hold true for other members of plant world in
which similar investigations have been conducted.
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[2] .Grapevine stilbene synthase enzymes are
produced from large a family of greater than
twenty
genes
[34,35].These
genes
are
differentially expressed in various vine tissues.
Resveratrol and other stilbenes are constitutively
produced in woody tissues but induced in leaves
and berry skins [31 ,32]
In the grape species, this polyphenol reaches
concentrations of 50-400 µg/g fresh weight in the
leaves.[33]..In 2001,Romero-Perez, A. I et al has
reported that average amount of trans resveratrol
in dry grape skin was 24.06 µg/g .Fruit juices can
also be a good source of resveratrol They analysed
36 grape juice samples and found that in red grape
juices the average concentration level for transresveratrol was 0.50 mg/L and for cis-resveratrol
0.06 mg/L whereas, in white grape juices, 0.05
mg/L for trans-resveratrol, and cis-resveratrol was
not detected in any sample [36].In 2004,J.
Lachman et al determined the contents of transresveratrol in grape musts, grape skins and seeds
of twelve vine varieties from the harvests 2001
and 2002 and found that the average annual transresveratrol values in the years 2001 and 2002 were
0.817.10–2 mg/kg and 4.97.10–2 mg/kg Dry
Matter in grape skins , 52.7.10–2 mg/kg and
4.63.10–2 mg/kg Dry Matter in the seeds and
there was hardly any trans-resveratrol presence in
the must. Many papers have been published
describing some approaches for evaluating the
concentrations of cis- and trans-resveratrol in
several selected wines. [ 37 ]. In 2007, Ulrik
Stervbo et al.,has reviewed the content of
resveratrol in red wine and reported that an
average red wine contained 1.9 ± 1.7 mg/l (8.2 ±
7.5 lM) trans-resveratrol, with non-detectable
levels as the lower limit. The highest levels of
trans-resveratrol measured are 14.3 mg/l (62.7 lM
) [38].In 2016,Márcia L et al. has developed and
validated HPLC method for quantifying transresveratrol in hydroalcoholic extract of the husks
and the found the trans-resveratrol concentration
as17.33 µg/mg.
2.1.Factors Affecting Resveratrol Production
Grapevine can biosynthesize and accumulate
resveratrol in the berry, stem, axillary bud, shoot
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tip, petiole, root and leaf .In the grapeberry,
resveratrol is synthesized almost entirely in the
skin and synthesis peaks just before the grapes
reach maturity. The terminal enzymes in the
biosynthesis of resveratrol get activated in
response to exogenous stress factors such as
injury,ultra violet irradiation and chemical signals
from pathogen fungi. The level of peak
approximately 24h after stress exposure and
decline after 42-72 h as a result of activation of
stilbene oxidase.[7]. The degree of increase in
resveratrol levels in grapes and grape products
depend on the variety and stress exposure[39,40].
geographic region, agronomic factors, climatic
factors, plant stress conditions, and oenological
practices, Fungal pressure, time of harvesting,
duration of skin contact during fermentation and
degree of maceration of skin[41].
The agronomic practice of cluster thinning is
commonly recommended to increase fruit quality
which has been shown to increase resveratrol
production in grape [42].Vineyard altitude may
also influence resveratrol production in grapes.
‘Malbec’ grapes grown at three different sites
(500, 1000 & 1500 m.a.s.l.) showed significantly
more resveratrol and total polyphenolic
production in berries at the highest site This
increase in resveratrol was attributed to increased
exposure of berries to UVB radiation [43]. In
1994,,L.Bavaresco
et
al
found
increasedaccumulation of resveratrol with high
potassium, along with low levels of nitrogen [44].
It was investigated that pesticides also affects on
induced accumulation of resveratrol. It was found
that not only grapes treated with pesticides like
Quinoxyfen, Fenarimol, Penconazole, Dinocap
etc.showed higher amounts of trans-resveratrol
accumulationover control but also wine from cv.
Campania treated withwettable sulfur (fungicide
and insecticide suitable to be used in organic
gardens) showed an increased accumulation of
trans-resveratrolby 1.6 times, as compared with
the control [45].
The study on effect of viticultural and enological
methods on resveratrol content of wines showed
that wines produced from the grapes exposed to
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ultraviolet light prior to processing had
significantly higher levels of resveratrol whereas,
skin contact time had no significant effects on
level of resveratrol and fining agents showed
negative effects on level of resveratrol.[46].
Kostadinovic S et al.,has studied the effects of
time of maceration, type of yeast and the level of
sulphur dioxide and that
concentration of
resveratrol in wine greatly influenced by these
important factors [47].
2.2.Fungal Attack
Climate change is a key controlling factor exerting
both biotic and abiotic stresses resulting
into
pathogenic attack including Gray mold diseases
caused by Botrytis fungi. ,which is responsible for
significant economic damage in vineyards .During
last fifty years ,management of B. cinerea has
relied heavily upon the use of synthetic pesticides.
These residues are
persisting into different
value added grape products and
adversely
affecting on human health, viticulture and
economy of that country.
Biological control agents are becoming
increasingly interesting as alternatives to the use
of chemical fungicides which are proving
hazardous to the environment as well as being
responsible in bringing about resistance to the
disease.Biocontrol experiments against Botrytis
cinerea have been attempted by the utilisation of
Trichoderma sp.[44].Serratia marcescens(Akutsu,
K et al.,1993), Gliocladium roseum and
Penicillium sp.[48] and Bacillus circulans[49].
Although,Botrytis cinerea was found to be highly
pathogenic to the vitroplants (plants grown on
sterile media in test tubes) of Vitis vinifera and
Vitis rupestris. The fungus acts as an elicitor
towards the formation of resveratrol .It is reported
that grapes infected with B. cinerea can produce
large amounts of resveratrol.[50]. In1976,Langake
and Pryce stated that stilbene phytoalexins are
formed on the phenylalanine/ polymalonate
pathway and accumulates very rapidly in
seemingly healthy grape tissues adjacent to B.
cinerea infected zones. The difference in stilbeneresveratrol production in the leaves and berries
was also reported to be correlated with
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susceptibility to Botrytis cinerea[51]. Leaf area
infected with B. cinerea showed three fold
increase in accumulation of resveratrol which is
disappeared as the disease advanced further[44].It
is reported that considerable high amount of transresveratrol was induced by the 2nd day of B.
cinerea infection which was followed by the rapid
decline in the levels by the 5th day after
infection[49,52].It is noted that In blooming stage
,leaves, shoots, and flowers showed 4–5 times
induced accumulation of resveratrol following
three days after B. cinerea inoculation[53].
In 1998, Bernard Paulet al.,has reported the
elicitation of resveratrol by a bacterial
strain(genus Bacillus) isolated from soil.He has
investigated that the bacterial strain was found to
be an antagonist of B.cinereastrain.Its attack on
the grapevine acts as an elicitor for the production
of resveratrol. This compound was also formed
when the leaves of the grapevine vitro plants were
inoculated with the bacteria alone, and this
activity was enhanced when a mixture of the
B.cinerea strain and the antagonist bacteria was
applied.[49]
In another study,it is mentioned that infection
with U. necator resulted in 12 times higher
accumulation of resveratrol in grape skin [14] also
grapes infected with P. viticola showed 5 times
more resveratrol accumulation than healthy grapes
[54]. R. stolonifer was also found to induce 4 to
8.5 times accumulation of resveratrol in grapes
after 24 h of incubation. However, subsequent
incubation resulted in gradual degradation of the
accumulated resveratrol [55].The localization and
concentration reached by resveratrol is critical to
inhibit fungal growth .In this regard, it has been
demonstrated that the enzyme stilbene synthase,
which is a limiting-step enzyme in resveratrol
biosynthesis, was predominantly expressed in the
exocarp of grape berries, which correspond to the
highest levels of resveratrol found in the particular
tissue of the berry [56].Altogether, it is observed
that resveratrol synthesis is induced in plant
tissues under the pathogenic attack, which
provides a defense mechanism to counteract
pathogen proliferation in the plant. [57].
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2.3. Resveratrol Synthesis
There is high demand for resveratrol due to its
nutraceutical, cosmetic, and pharmaceutical uses.
Resveratrol can be obtained by different methods
like,extraction from plants,chemical synthesis,use
of biotechnologies [58].In 1941, resveratrol was
first time synthesized by Späth and Kromp. [59]
since then, the researchers have started to find
different pathways to synthesize resveratrol in the
laboratory. Synthesis of resveratrol can be carried
out by Modified Perkin reactions starting from
benzaldehydes
and
various
substituted
hydroxyphenylacetic acids [60].,Wittig and
Horner-Wadsworth-Emmons
condensations
between, respectively, appropriate phosphonium
ylides [61] or phosphorylstabilized carbanions
[62] and aldehydes and Heck reaction, which is a
palladium-catalyzed olefination of aryl or vinyl
halides well suited for hydroxystilbene synthesis
due to its significant chemo selectivity and
amenability to a wide range of functional groups.
[58].However, there are number of limitations for
preparation of resveratrol and its derivatives in
large amounts by using plant extraction also, these
methods are neither cost effective nor
environment friendly. Whereas, advantages
provided with plant cell culture systems are: (i)
Low production cost (ii) Independent to plant
supply due to seasonal fluctuation. ;(iii) No need
of raw material stocks ;(iv) Cultures can be scaled
up for resveratrol production ;(v) Environment
friendly with better social image .
2.3.1.Plant Cells Cultures
Plant cells cultures have been an important source
for the production of secondary metabolites and
other substances of commercial interest due to an
attractive alternative to the extraction of whole
plant material because, plant cells are
biosynthetically totipotent, each cell in culture
retains complete genetic information and hence is
able to produce chemicals found in the parent
plant .
Besides that, cultured plant cells proliferate in
vitro indefinitely – unlike primary animal cells
cultures that undergo only a limited number of cell
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divisions. These systems have several other
advantages, such as their independence of
geographical and seasonal variations, performance
of stereo and region specific bio transformations
and an efficient downstream recovery.[63,64].It is
found that, plant cell culture is a useful tool for
producing active secondary metabolites i.e.
stilbene-resveratrol
under
the
controlled
conditions. Due to the high level of stilbenes
accumulation in grape. Research studies on grape
cell cultures has been under taken to investigate
different factors that are able to induce and/or
modify stilbenes biosynthesis, regulation and
metabolism[65].Cell
cultures
have
been
established from many plants but often ,they do
not produce sufficient amount of the required
secondary metabolites. So, for enhanced
production of required secondary metabolites, use
of elicitors is proved
to be a promising
technique.
2.3.2.Cell Suspension Cultures
Production of trans resveratrol by cell suspension
cultures is the most suitabl method because of
the homogeneity of an in vitro cell population,
large availability of material, good reproducibility
of conditions and high rate of cell growth. In this
type of culture, the main advantage is the
unnecessary genetic modification of the plant cell,
because they are able to produce trans-resveratrol
constitutively or in response to stress [1].
In 2014, Phillip Jeandet and his co-workers
reviewed the resveratrol production at large scale
using grapevine cell culture system and
demonstrated the biotechnological production of
resveratrol and some of its derivativesthrough
plant cell suspensions, such as grapevine cell
culture systems by elicitation technique .
It was found that Methyl jasmonate, cyclodextrins,
the combination of bothand chitosan are the
elicitors leading to the best responses in terms of
resveratrolamounts produced in flasks.
2.4. Effect of Elicitors
Grapevine plant is the main dietary source of
resveratrol .Enhancement of resveratrol can be

1521

Resveratrol –The Nutraceutical, Whose Real Time Has Come: A Systematic Review

carried out by use of different elicitors such as
fungal
cell
wall
fragments[51],CD
(Cyclodextrins)[66,67] ,RAMED (Randomly
Methylated-β-cyclodextrin) or DIMED (2,6-di-Omethyl-β-cyclodextrin) , sodium acetate, amino
acids, sugar or UV-irradiation [1] Naorthovanadate, laminarin [68] ,Chitin [69],
Jasmonic acid and its more active derivative,
MeJa (Methyl jasmonate) [ 70,71,72]. In
1996,Adrian et al. has studied the induction of
resveratrol in grapevine leaves by treatment with
Aluminium chloride [73], In 2006, J.B. Jimenez
and his co-workers has studied short anoxic
treatments to enhance trans resveratrol content in
grape and wine [74].
Cyclodextrins can also be used as a true elicitors,
which can induces defense responses including
pathogenesis-related proteins and phytoalexin
synthesis, especially the stilbenes like transresveratrol in the Vitis vinefera.[67,75]. Most of
the publications concerning secondary metabolite
production by means of plant cell cultures
reported that elicitation with Methyl jasmonate
increases accumulation of secondary metabolites
[76,77,70].
Apart
from being
elicitors,
cyclodextrins also protects resveratrol in the
medium by complex formation leading to a
significant production of resveratrol [1].Although
MeJa affects cell growth and does not promote the
increase of resveratrol, a combined treatment with
MeJa and CD led to an increased accumulation of
resveratrol in the medium because they act
synergistically, inducing the expression of STS
(Stilbene
synthase)
and
the
general
phenylpropanoid pathway, leading to a marked
increase in the resveratrol amount [78].
Belchi-Navarro and his co-workers has studied on
enhanced extracellular production of transresvertrol in Vitis vinifera suspension cultured
cells by using Cyclodextrins and Methyl
jasmonate.[79]. In 2013,Almagro et al., has
carried out bio production of trans-resveratrol
from grapevine cell cultures and production of
grapevine cell biomass and resveratrol in custom
and commercial bioreactors using Cyclodextrins
and Methyl jasmonate as elicitors.[77]
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Ultrasonication technique to increase the
accumulation ofresveratrol in grape skins and
leaves was first time, applied by Hasan et al.
The resveratrol accumulation was found to be
increased ingrape skin by 7.7 folds, after treatment
with 5 min ultrasonication treatment, followed by
6 h incubation.
However, the increase of resveratrol in leaves was
quite less than that in grape skin. The amountof
increased resveratrol in grape leaves after 15 min
of ultrasonication, followed by 3 h incubation,was
1.8 fold higher than that observed in non-treated
control.[80]
.
2.4.1. Resveratrol Production System
Resveratrol was successfully produced using hairy
root cultures as well as callus culture of Arachis
hypogaea (peanut) But, the yield of resveratrol
production by hairy roots was low i.e . 1.5
mg/gand callus culture showed very low
production of resveratrol which was 0.012 mg/g
.In vitro resveratrol production was also carried
out by use of Gossypium hirsutum L. (cotton)
where, resveratrol was produced in very low
quantity (0.0072 mg/g) .
It is reported that Vitis vinifera cell suspension
cultures are particularly suitable for resveratrol
production, It was found that without any elicitors,
cell suspension cultures of Vitis vinifera produced
280 mg/L. However, when RAMED was added,
the amount of resveratrol increased to 5027 mg/L.
It was found that yield of resveratrol production
by callus culture of V.vineferawas 33mg/g.[1].
Resveratrol production using microorganisms is
an alternative to plant cell systems . E.coli have
been studied for resveratrol production because of
its well characterized fermentation properties and
genetic tractability where the yield of resveratrol
production was 2340 mg/L.[22].
Tobias Sydor et al.,2010 showed that S.cerevisiae
is well suited as a host for industrial resveratrol
Production which was
391 mg/L.[81].In
V.vinefera,, resveratrol production and elicitation
can be
carried out
by using different
chemicaland physical methods. [Table.1]
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Table.1.Resveratrol Production in Vitis vinefera by Using Abiotic Elicitors
Grapevine cultivar
( Cell suspension)
In vitro V.vinefera culture
Vitis vinifera cvGamay

Elicitor

Amount of resveratrol

References

AlCl3 (0.05%)
MeJA (100 µM)

97.94µg/g DM resveratrol
20 mg/L
i)23.94 µg/g DWresveratrol
intracellular
ii)7.98 µg /g DWresveratrol
extracellular
798µg/g DWresveratrol
3074 µg/g DWresveratrol

[82]
[83]

2667 mg/L resveratrol

[84]

148–184 mg/Lt-resveratrol

[85]

>4000 mg/L t-resveratrol
5000 mg/L t-resveratrol
5000 mg/L t-resveratrol

[86]

DIMEB 50 mM
HYPROB 50 mM
G2βCD (6Omaltosylβcyclodextrin)50mM
βCD( βcyclodextri) 18 mM
Sulfo-βCD 50 mM

3400 mg/L t-resveratrol
3000 mg/L t-resveratrol
650 mg/L t-resveratrol
Weak response
Toxicity

[67]

DIMEB 50 mM
HYPROB 50 mM
G2βCD 50 mM
βCD 18 mM
Sulfo-βCD 50 mM

3000 mg/L t-resveratrol
990 mg/L t-resveratrol
400 mg/L t-resveratrol
Weak response
Toxicity

[67]

Vitis vinifera cvGamay

Methylated CDs (Cyclodextrin) 50 mM

900 mg/L resveratrol

[83]

Vitis vinifera cvMonastrell
V. riparia × V.berlandieri
V. amurensis
Vitis vinifera cvMerzling
Vitis vinifera cv Pinot noir
Vitis vinifera cvMonastrell
albino

Undefined CDs50 mM
DIMEB 50 mM
DIMEB 50 mM
DIMEB 50 mM
DIMEB 50 mM

600 mg/L resveratrol
911 mg/L resveratrol
225 mg/L resveratrol
4 mg/L resveratrol
0.5 mg/L resveratrol

[79]

DIMEB 50 mM + MeJA 100 µM

365 mg/DWresveratrol

[78]

3100 mg/L t-resveratrol

[83]

3000 mg/L resveratrol

[79]

122.9 mg/g

[39]

Vitis vinifera cvBarbera

MeJA 10 µM

i.Vitis vinifera
cvMonastrell

MeJA(Methyl jasmonate) 5 µM
MeJA 100 µM
MeJA 10 µM
+ SA 500 mM
+ resin H2MGL
DIMEB
(Dimethyl-β-cyclodextrin) , 5 mM
DIMEB 50 mM
HYPROB50 mM
CAVASOL50 mM

Vitis vinifera cvGamay
Fr´eaux var. Teinturier
Vitis vinifera cvGamay
Vitis vinifera cvMonastrell

Vitis vinifera cv
Monastrell albino

Vitis vinifera cvGamay
Rouge

Methylated CDs
50 mM + MeJA
100 µM
Undefined CDs
Vitis vinifera cvMonastrell
50 mM + MeJA 100 µM
Resveratrol Induction using UV irradiation
UV 254 10 min,
Chardonnay (white)
0.36 J/cm2,2day
UV-C 254 nm 30–510 W,
5 s–30 min (30–60 s opt.)
Napoleon (blue)
20–60 cm (40 cm opt.)
3 days storage time (opt.)
Napoleon (blue)
UV-B 302.1 nm resonant wavelength,
Red Globe (blue)
0.141 kJ/m2, 5 ns pulses,
10 Hz frequency, 45 min
Resveratrol Induction using Ozone
Ozone,
Thompson Seedless (blue)
8 mg/min, 20 min
Ozone,
Napoleon (blue)
8 ppm/30 min every 2.5 h 38 days at 0°C
Superior White
Ozone,3.88 g/h
Cardinal CL80 (blue)
72 days storage at 5°C
Vitis vinifera cvGamay
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114.7–115 mg/g

[70]

[79]

[88]

[87]

21.3 µg/ml extract

[74]

11mg/g

[89]

2.81 mg/g

[90]

13.0 mg/g
5.00/8.10 mg/g

[91]
[92]
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3.0. Health Benefits
According to WHO projections, total
annual
number of deaths from non-communicable
diseases will increase up to 55 million by 2030
.However, WHO has aimed to reduce overall
mortality from non-communicable diseases like
cancer, cardiovascular diseases, diabetes and
chronic respiratory diseases by 25%. [93].
Plants containing resveratrol have been effectively
used for more than 2000 years in the traditional
medicinal preparations like drakshasava the well
known Indian herbal preparationor resins of
which the main ingredient is Vitis vinifera L.[49]
There are number of studies dealing with the
ability of grape polyphenols (resveratrol) and red
wine to protect against different types of diseases
[94] .Over the past few decades, there has been an
increasing emphasis on using lifestyle changes
and nutritional modifications to prevent and treat
the chronic diseases.[95,96].Caloric restriction is
an effective means of preventing chronic disease
and ultimately increasing lifespan in laboratory
animals .However, it is difficult to employ in
actual practice, especially considering the cultural
emphasis on eating that is a major contributor to
many chronic diseases. As such, considerable
research has been directed towards identifying
such substances which can mimic the
physiological effects of caloric restriction, and
resveratrol has emerged as a leading candidate in
this realm. [97]
Scientific interest in resveratrol has continually
gained momentum since 1997, when it was first
demonstrated to prevent carcinogenesis in mice
[98]. In the intervening years, this molecule has
received considerable attention for its antiinflammatory, anti-tumorigenic, and anti-oxidant
properties, as well as its ability to increase
lifespan in lower organisms and improve general
health in mammals .Multiple mechanisms of
action of resveratrol may related to its health
benefits.[99].Reports of significant life extension
in simpler laboratory organisms, combined with
thousands of in vitro and in vivo studies
supportsthe role of resveratrol in either the
prevention or treatment of chronic diseases can
Anita V.Handore, et al.

suggests that resveratrol and similar nutraceuticals
may have the potential to make an extraordinary
impact on human health.[100].
3.1. Anti-Cancer Activity
Resveratrol is such a molecule which has been
widely researched for its anti-cancer effects,
because resveratrol shares most of its targets with
metabolic reprogramming of tumor cells which is
a reemerging issue in recent cancer biology. It is
found that resveratrol down-regulates the
increased glycolytic activity of tumor cells at
multiple levels, facilitating apoptosis of tumor
cells and inhibiting tumor cell proliferation.
Moreover, resveratrol might prevent metastasis
and
tumor
invasion
through
inhibiting
inflammation and angiogenesis.[101]
Anti-cancer effects of resveratrol are thought to
have cancer selectivity with minimal toxicity to
normal cells. Low pH condition around tumor
cells due to increased lactate production from
enhanced glycolysis may promote the pro-oxidant
anti-cancer
activity
of
resveratrol.[102].
Numerous in vitro studies have shown that
resveratrol has multiple anti-cancer effects,
protecting against both tumor initiation and cancer
progression pathways. For example, resveratrol
can promote cell cycle arrest leading to apoptosis
of tumor cells, prevent tumor-derived nitric oxide
synthase expression to block tumor growth and
migration, as well as act as an antioxidant to
prevent DNA damage that can lead to tumor
formation [103,104]
Resveratrol has been found to inhibit tumor
initiation, promotion, and progression in vitro, as
well as reduce skin tumor incidence and
multiplicity via topical application to mice in vivo
[105].It was investigated that resveratrol inhibits
cyclooxygenase (COX) activity, which is known
to play a role in tumor genesis by converting
arachidonic acid to prostaglandins, inflammatory
compounds that promote tumor cell proliferation
[106,107]. In 2000, Gautam SC et aldemonstrated
that the IC50 of resveratrol for proliferation
inhibition was significantly lower for cancer cells
as compared to normal cells .[108].
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The anti-proliferative activity of resveratrol has
been observed in a number of cancer cell lines and
may be due, in part, to the induction of apoptosis
[109,110,111] .In 2002,Potter et al suggested that
the anti-proliferative effects of resveratrol on
cancer cells is the result of a metabolic conversion
of resveratrol to piceatannol by cytochrome P450
1B1 (CYP1B1). CYP1B1 is highly expressed in
cancerous tissue of the breast, colon, lung,
esophagus, skin, lymph node, brain, and testis, but
not in the normal tissue[112].The molecular
mechanisms associated with the anti-proliferative
effects in cancer cells involve the activation of
p53 and the suppression of nuclear factor-κB (NFκB) and activator protein-1 (AP-1) [113,114]. In
2005,Castello and Tessitore found that
proliferation inhibition may also be caused by the
arrest of the cell cycle . [115].A study on Female
SCID mice with orthotropic inoculation of MCF-7
and MDA-MB-231 breast cancer cells into the
mammary fat pad and found that with the oral
dose of
resveratrol (50–200 mM)for two
days,Suppressed cell proliferation with IC50
valuesof 131–187 mM after 24 h; induced
cellcycle arrest at G1 and S phases;
inhibitedexpression of NF-kB and downregulation
ofits
anti-apoptotic
gene
products;
inducedapoptosis.. [115,116].
In 2009, Chen J, Dong et al., studied on inhibitory
effect of resveratrol on the growth of human colon
cancer ls174t cells and its subcutaneously
transplanted tumor in nude mice and found
decreased expression of anti-apoptotic factor bcl2, increased expression of apoptotic factor bax and
blocked the cell cycle at S phase thus inhibiting
the growth of 1s174t cells.[117]In 2010,Vanamala
J et al., carried out In vitro study with model,HT29, SW480 Human coloncancer cell lines and
results demonstrated that resveratrol suppresses
the colon cancer cell proliferation by increasing
apoptosis even in presence of IGF-1. Suppressed
IGF-1R/Akt/Wnt
signaling
pathways
and
activated p53.[118].Bhattacharya S. et al(2011)
studied on Mouse model B16F10 and B16BL6
melanoma cells and observed that resveratrol
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reduced the malignant properties of highly
invasive melanoma cells [119].
In 2013,Gokbulut A A et al carried out In vitro
study of
Resveratrol and quercetin-induced
apoptosis of human 232B4 chronic lymphocytic
leukemia cells by activation of caspase-3 and cell
cycle arrest showing the decreased proliferation
of human 232B4 CLL cells by inducing cell cycle
arrest at G0-G1 phase, Inhibiting cell cycle
progression. Induced apoptosisby increasing
caspase-3 activity[120]In 2014,Tanu Garg, et al.,
analysed
the
chemopreventive
and
chemotherapeutic effects of resveratrol in various
types of cancers along with its possible
mechanisms and stated that Resveratrol can be
used as an adjuvant to other chemotherapeutic
agents in various carcinomas[121].
In 2017,.Ariane et al., summarizes the known
effects of resveratrol and its main metabolites on
drug metabolism in order to help characterize
which populations might beneﬁt from resveratrol
for the prevention of cancer, as well as those that
may need to avoid supplementation due to
potential drug interactions [122]. David León et al
has reviewed some alternatives which can be
exploited to improve cancer therapies, including
the use of other polyphenols, or the combination
of resveratrol with other molecules and their
impact on glucose homeostasis in cancer and
diabetes [123].
3.2.Neurodegenerative Diseases
It is reported that oxidative stress and damage
caused by reactive oxygen species (ROS) play a
major role in neurodegeneration [201]. Oxidative
mechanisms associated with neuroprotective
effects of resveratrol was described by Albert Y.
Sun et al., This study showed that the beneficial
effects of resveratrol are not only limited to its
antioxidant and anti-inflammatory action but also
include the activation of sirtuin1 (SIRT1) and
vitagenes, which can prevent the deleterious
effects triggered by oxidative stress and also
described the mode of action of resveratrol and its
application as a potential therapeutic agent to
ameliorate stroke damage as well as other agerelated neurodegenerative disorders.[202].In 2017,
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Squillaro T et al., reviewed nanotechnology-based
polyphenol delivery as a novel therapeutic
strategy for the treatment of age-related
neurodegenerative
disorders
[203].Thereforeresveratrol has been proven to be a
universal remedy,for a wide range of
neurodegenerative
disorders
such
as
Parkinson’s(PD),
Alzheimer’s(AD),
and
Huntington’s diseases (HD) .
3.2..1. Alzheimer’s (AD )
AD is a progressive, age dependent
neurodegenerative disorder leading to the most
common form of dementia in elderly people. In
2008, V. Vingtdeux et al studied the Beneficial
effects of resveratrol against Alzheimer’s(AD),
and stated that resveratrol shows ability to
Protects cellular DNA, lipids, and proteins from
oxidative damage,it can reduces the toxic effect of
reactive oxygen species (ROS)and superoxide
anion production .It also decreases the level of
nitric oxide (NO) as well as exerts neuroprotection
against
glutamate
neurotoxicity.It
can
2+]
antagonizes[Ca
cytoplasmic elevation and
neurotoxicity also can stabilizes the levels of
antioxidant
TRXthioredoxin
,glutathione
peroxidase (GPx) glutathione-S-transferase (GST)
and reductase(GR) superoxide dismutase(SOD),
and catalase (CAT). Furthermoreit shows a
moderate antioxidant activity towards the DPPH
radical and prevents the lipid peroxidation and
low density lipoprotein (LDL) oxidation. [123]. In
2017,Teng Ma et al., discussed the molecular
mechanisms of the neuroprotective effects of
resveratrol, and investigated the therapeutic
potential in resveratrol as a therapeutic agent for
Alzheimer’s Disease[124].
3.2.2. Huntington’s Disease(HD)
HD is an autosomal-dominant neurological
disorder; the most striking pathological
manifestation of the disease is a gradual loss of
neurons predominantly in the striatum causing
motor abnormalities and cognitive decline
[125].In 2012,P.Kumar et al., demonstrated that
resveratrol plays significant role in Huntington’s
Disease .It shows beneficial effects against 3nitropropionic acid suggest a role of the drug in
Anita V.Handore, et al.

protecting by neurotoxins in HD because 3nitropropionic acid is an inhibitor of complex II of
the electron transport chain, which causes HD’s
like
symptoms.
Resveratrol
inhibits
cyclooxygenase I (COX) activity significantly
improving motor and cognitive impairments in the
3-nitropropionic acid-induced model of HD.
[126].A. Granzotto et al., in 2011 and V.
Desquiret-Dumas et al., in 2013 has observed that,
resveratrol
can effectively interject in the
mitochondrial oxidation through its antioxidant
properties and counteract impaired mitochondrial
function through the activation of the SIRT1PGC1 pathway [127,128].
In 2015,Ester Tellone et al., reviewed resveratrol
and
several neurodegenerative diseases and
evaluated (in vivo and in vitro) the various
molecular targets of resveratrol and its ability to
effectively counter several neurodegenerative
disorders such as Parkinson’s, Alzheimer’s, and
Huntington’s diseases and amyotrophic lateral
sclerosis. It was found that, resveratrol through a
convergence on the protein targets is able to give
therapeutic responses in neuronal cells deeply
diversified not only in morphological structure but
especially in their function performed in the
anatomical district to which they belong. [129]
3.2.3. Parkinson’s disease (PD)
PD is the second most common neurodegenerative
disorder after AD, affecting nearly 2% of
individuals over the age of 65 in industrialized
countries. [130].
Mitochondrial
dysfunction,
inflammation,
oxidative stress and apoptosis appear to have a
major role in the development and progression of
PD. Different studies showed that resveratrol has
neuro- protective function against the deleterious
effect of 6-hydroxydopamine (6-OHDA) in rat
models of PD. The conducted trials revealed that
resveratrol suppresses the expression of proinflammatory cytokines (TNF-α) and enzymes
(COX-2), which play a key role in the
inflammatory process that is related with the
progression of neurodegenerative diseases.In
2008, Jin et al.,demonstrated that the
overexpression of COX-2 and TNF-α mRNA is
1526

Resveratrol –The Nutraceutical, Whose Real Time Has Come: A Systematic Review

involved in the pathogenesis of PD and resveratrol
can be used to reduce the levels of these proteins,
resulting in improvement of pathological lesions
in substantia nigra neurons in rat models of PD.
These results confirm the beneficial effect of
resveratrol in the treatment of PD. [131].
3.3. Cardio Protective Activity
The occurrence of the French paradox boosted the
researchers to analyze the effect of resveratrol on
people with a known predisposition to
cardiovascular heart disease.Various studies has
suggested that the resveratrol in red wine may
play an important role in this phenomenon.The
protective mechanism of resveratrol is due to its
activity as intracellular antioxidant, antiinflammatory agent, and due to its ability to
induce angiogenesis and expression of nitric oxide
synthase (Bhat et al., 2001) as well to block lowdensity lipoprotein (LDL) peroxidation and
increase the levels of high-density lipoprotein
(HDL) [132].
In 2010,Satyanand Tyagi et al., stated that
resveratrol plays important role in Inhibition of
vascular cell adhesion molecule expression;
Inhibition of vascular smooth muscle cell
proliferation; Stimulation of endolethelial nitric
oxide synthase (eNOS) Activity and inhibition of
platelet aggregation.[133]. In the study conducted
by Klinge et al., have analyzed the signaling
pathways and molecular mechanisms by which
resveratrol in concentrations compatible with oral
consumption (nanomolar concentrations) is
activating the protection against coronary heart
diseases and is improving the function of
endothelium of blood vessels [134]. It is found
that nanomolar concentration of resveratrol is
enough to stimulate rapidly nitric oxide
production in endothelial cells by increasing the
interaction between estrogen receptor α-Src and
calveolin-1, which is one of the components of
signaling pathway of resveratrol’s protective
action. As far as inflammation plays a key role in
atherosclerosis, resveratrol can attenuate the
condition through its anti-inflammatory effect,
which involves inhibition of the synthesis of proinflammatory compounds such as prostaglandin
Anita V.Handore, et al.

E2 and interleukin-6 .[132].In 2017, Pollen K
Yeungalso describes the therapeutic potential of
resveratrol for cardiovascular protection. [204].
3.4. Anti –Diabetic Activity
In 2006,Su, H.-C. et alcarried out an experiment
of insulin like effect of resveratrol possesses in
streptozotocin-induced diabetic rats. In which they
evaluated its therapeutic potential by assaying the
activities of key enzymes of carbohydrate
metabolism
in
streptozotocin-nicotinamideinduced diabetic rats. The results demonstrated
that the daily oral treatment of resveratrol (5
mg/kg body weight) to diabetic rats for 30 days
showed a significant (p<0.05) decline in blood
glucose and glycosylated hemoglobin levels and a
significant (p<0.05) increase in plasma insulin
level. The altered activities of the key enzymes of
carbohydrate metabolism such as hexokinase,
pyruvate kinase, lactate dehydrogenase, glucose6-phosphatase,
fructose-1,6-bisphosphatase,
glucose-6-phosphate dehydrogenase, glycogen
synthase and glycogen phosphorylase in liver and
kidney tissues of diabetic rats were significantly
(p<0.05) reverted to near normal levels by the
administration of resveratrol. Further,
resveratrol administration to diabetic rats
improved hepatic glycogen content suggesting the
anti-hyperglycemic potential of resveratrol in
diabetic rats. The obtained results were compared
with glyclazide, a standard oral hypoglycemic
drug. Thus, the modulatory effects of resveratrol
on attenuating these enzymes activities afford a
promise for widespread use for treatment of
diabetes in the future. . [116].Other diabetic
animal model studies by different researchers have
also demonstrated the anti-diabetic effects of
resveratrol. In human clinical trials, resveratrol
has lowered blood sugar levels in both Phase Ib
and Phase IIa, [135].
In 2017, K. Szkudelska et al., published a study
regardinginfluence of resveratrol on some
hormones and metabolic parameters in the rats
ingesting 10% ethanol solution and concluded that
resveratrol was found todiminish liver lipid
accumulation and significantlyalleviated changes
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in blood insulin and glucagon levelsexerting the
protective action on the liver and endocrine
pancreas[136].
3.5.Antioxidant Activity
Various compounds with aromatic groups are able
to function as antioxidants by forming stable
radicals via resonance structures, thereby
preventing continued oxidation. Resveratrol
contains two aromatic groups and has been shown
to
have
a
higher
2,2azinobis(3ethylbenzthiazoline-6-sulfonic acid) (ABTS), 1,1diphenyl-2-picrylhydrazyl (DPPH), and hydroxyl
radical scavenging
capacity than propyl gallate, vitamin C, and
vitamin E [137].Resveratrol has been shown to
inhibit oxidative-induced apoptosis in a variety of
cell lines including Swiss 3T3 mouse fibroblasts,
rat
pheochromocytoma
(PC12),
human
peripheralblood mononuclear (PBM), and human
retinal pigment epithelium (RPE) cells. Reduced
oxidative stress in RPE cells by resveratrol may be
associated with reduced incidence of age-related
macular degeneration (AMD), a leading cause of
blindness in the elderly. [138,139,140].
Several evidences showed that resveratrol acts
both as a free radical scavenger and a potent
antioxidant, owing to its ability to promote the
activity of numerous antioxidative enzymes. It is
thought that resveratrol protects low-density
lipoproteins (LDL) against peroxidation, leading
to a regulated catabolism of LDL particles and
thus avoiding atherosclerosis .Resveratrol also
protects cellular and subcellular components,
protecting cell membranes and preventing the
effects of oxidative stress, leading to a reduction
in cell death [21].Although resveratrol has been
shown to exert antioxidant effects, it is not yet
clear ifthis is primarily a direct scavenging effect
or the result of the activation of pathways that
upregulate cells’ natural antioxidant defenses.
3.6.Anti-Aging (Life extension)Activity
Resveratrol can activate some specific genes
linked to aging, such as PGC-1a, UCP2, in histone
deacetylation, and the ratio NAD+ / NADH,
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evincing a positive effect on the biogenesis of
mitochondria. Researchers state that resveratrol
enhances the synthesis of ATP improving muscle
performance, synthesis of insulin by the islets of
Langerhan and reduction of inflammatory
processes, that is to say, all affecting the elderly.
[141].Some scientific evidence seems to indicate
that resveratrol is a potent nutraceutical to prevent
disease and delay aging. The vast majority of
studies showed that resveratrol is an activator of
sirtuins. Studies have established the action of
resveratrol in processes such as activation of
genes related to mitochondrial biogenesis,
reduction of free radicals, ratio NAD+ / NADH in
mitochondrial
protein
deacetylation,
in
modulating the ATP and others. Almost all
authors who work with sirtuins and aging state
that the molecular mechanism of how sirtuins
retard aging and enhance life extension is not yet
clear. [142].
It has been hypothesized that the main function of
sirtuin proteins might be to promote survival and
stress resistance in times of adversity.[143].An
evolutionary advantage arising from the ability to
modify lifespan in response to environmental
conditions could have allowed these enzymes to
be conserved as species evolved, and to take on
new functions in response to new stresses and
demands on the organism. This could explain why
the same family of enzymes has dramatic effects
on lifespan indisparate organisms with seemingly
dissimilar causes of ageing.[144]..An in vitro
screen for activators of SIRT1 identified
resveratrol as the most potent of 18 inducers of
deacetylase activity .Subsequent work has shown
that resveratrol extends the lifespans of S.
cerevisiae, Caenorhabditis elegans and Drosophila
melanogaster ,but only if the gene that encodes
SIR2 is present in these organisms[145,146].The
first positive result was shown by vertebrate in
2006,when
they were supplemented with
resveratrol.An experiment with short-lived fish,
Nothobranchius furzeri with the median life span
of nine weeks showed not only 56% increase in
median lifespan due to maximal dose of
resveratrol but also showed significantly higher
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general swimming activity and better learning to
avoid the unpleasant stimulus and slight increase
of mortality in young fishes. [99].
Resveratrol also consistently extends the mean
and maximum life span in the model organisms
including nematode worms. It has been suggested
that resveratrol exerts its life-span-extending
effect through calorie restriction or hormesis
mimetic effects. This study
showed that
resveratrol increased mean and maximum life
span by delaying the onset of the exponential
increase in mortality characterizing the "dying
phase" in C. elegans, but did not affect the dying
phase itself, suggesting that it did not act by
directly affecting metabolism.
[147].Afterwards some data suggested that
resveratrol does not extend lifespan in healthy
mice or in a model of premature aging [148]. but
does appear to delay or attenuate many agerelated
changes and prevent early mortality in obese
animals [149,150].In 2017.Jessica Stockinger et
al.,discovered that resveratrol increases the
number of postsynaptic sites on myotubes
exhibiting a youthful architecture and suggests
that resveratrol directly affects the neuromuscular
junctions. Also they have provided the compelling
evidence indicating that resveratrol slows aging of
neuromuscular junctions and muscle fibers.[151].
3.7. Anti-Inflammatory Activity
The anti-inflammatory effects of resveratrol have
been demonstrated in several animal model
studies. In a rat model of carrageenan-induced
paw edema, resveratrol inhibited both acute and
chronic phases of the inflammatory process. [152].
Similarly,
preincubation
with
resveratrol
decreased arachidonic acid release and COX-2
induction in mouse peritoneal macrophages
stimulated with tumor promoter PMA, ROI, or
lipopolysaccharides (LPS).[104].
In an experimental rabbit inflammatory arthritis
model, resveratrol showed promise as a potential
therapy for arthritis. When administered to rabbits
with induced inflammatory arthritis, resveratrol
protected cartilage against the progression of
inflammatory arthritis.[153]. During inflammatory
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response, resveratrol elicits inhibitory effects in all
physio pathological phases, suggesting that
resveratrol could be effective in pharmacotherapy.
In combination with its antioxidant properties,
resveratrol also intervenes on enzyme systems
involved in the synthesis of pro-inflammatory
mediators, decreasing reactive oxygen species
(ROS), which contributes to gastric ulcer healing
and the reduction of colon injury.[154].
In 2017, Guangxi Wang et al.,reported that
resveratrol had potent analgesic and antiinflammatory activities and could be a potential
new drug candidate for the treatment of
inflammation and pain. [155].
3.8.Antimicrobial Activity
Increased resistance power of microorganisms
against the several antibiotics is an emerging
problem which has created the need of the agent
showing
the
potential
antimicrobial
activity.Antibacterial therapy is a keystone of
modern medicinal practice. However, the
increased resistance of micro organisms to the
currently used antimicrobials has lead to the
evaluation of other agents with potential
antimicrobialactivity. [156][157].Adaptation of
microorganisms own defenses against the
antibiotics used has made the development,
proliferation and persistence of antimicrobial
resistance, a currently major public health
problem, making urgent the discovery of new
drugs endowed with antimicrobial activity
[158,159].
Nowadays,
there is high demand of
antimicrobial compounds obtained from natural
sources .Thus, resveratrol, in addition to its
therapeutic potentials has been the subject of
study for its ability to inhibit the growth of some
pathogenic microorganisms such as Gram-positive
and Gram-negative bacteria and fungi [160]
[161].In 2011, Pauloet al. reviewed the
antimicrobial properties of resveratrol towards
pathogenic microorganisms and also carried out
investigation of the antibacterial properties of
resveratrol against different Helicobacter pylori
strains
alongwith
the
analysis
of
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differentvirulence
profiles
and
different
susceptibility patterns against the antibiotics
which
are usually used in anti-H. pylori
therapy.They had also verified the ability of
resveratrol to inhibit activity of the H. pylori
urease, the key enzyme in colonization and
persistence of this pathogen.[29]
Resveratrol has shown the ability to inhibit the
growth of some human pathogenic bacteria, such
as Klebsiella pneumonia, Helicobacter pylori,
Listeria monocytogens and Staphylococcus
aureus. It has also able to show the antimicrobial
activity against fungi, such as Candida
albicans,Trichosporon
beigeli[28].Epidermophyton floccosum. [162] and
Botrytis cinerea, a common grapevine pathogen,
slowing down or inhibiting the spread of this
fungal infection [163].In 2010, Michela
Campagna and Carmen Rivassummarized the
knowledge of the activity of resveratrol against
viral infection and describes the possible
molecular pathways through which resveratrol
exerts its antiviral activity. They found that
resveratrol has been shown to be a potent antiviral
molecule against various types of DNA and RNA
viruses. However, even if the antiviral activity of
resveratrol is becoming evident, the cellular
pathways that lead to its protective activity are
still far from being elucidated. [164].In 1997,
Gehm BD et al., found that during the cell culture
study , resveratrol blocks the influenza virus from
transporting viral proteins to the viral assembly
site, hence restricting its ability to replicate. The
effect was 90% when resveratrol was added six
hours after infection and continued for 24 hours
thereafter,itis demonstrated that
resveratrol
inhibits herpes simplex virus (HSV) types 1 and 2
replication by inhibition of an early step in the
virus replication cycle. In vivo studies in mice
found resveratrol inhibits or reduces HSV
replication in the vagina and limits extravaginal
disease. The skin of resveratrol-treated animals
showed no apparent dermal toxicity, such as
erythema, scaling, crusting, lichenification, or
excoriation. [165] [166,167].Other Study showed
that resveratrol inhibits varicella-zoster virus,
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certain influenza viruses, respiratory viruses, and
human cytomegalovirus. Furthermore, resveratrol
synergistically enhances the anti-HIV1 activity of
several anti-HIV drugs[168,169].It isalso reported
that the antibacterial activity of pterostilbene, a
structural analog of resveratrol, in combination
with gentamicin against six strains of Grampositive and Gram-negative bacteria combinations
could have effective therapeutic value against
bacterial infections and these findings have
potential implications in delaying the development
of bacterial resistance as the antibacterial effect
was achieved with the lower concentrations of
antibacterial agents[170].
(Table.2. ICs of Resveratrol against bacteria and
C.albicans) [171]
Microorganism
N. gonorrhoeae
N. meningitidis
E.coli
S.aureus
S.pyogenes
P.aeruginosa
C.albicans

IC 50 (mg/L) a
25
100
>200
>200
>200
>200
>200

IC80(mg/L)b
75
125
>200
>200
>200
>200
>200

It is experimentally proved that, the Resveratrol
acts against bacteria and fungi. The bacteria
includes the potent pathogens like Neisseria
gonorrhoeae and Neisseria meningititidis. The
mechanism by which Resveratrol inhibits these
pathogens is unknown but it is reported to have a
variety of physiological effects including
antioxidant properties. The lack of activity against
E.coli,
S.aureus,S.pyogenes,P.aeruginosa
is
inconsistent with the studies carried out by many
scientists,who found that Resveratrol had no effect
on these microorganisms at low concentration at
concentration less than 200 mg/L. on basis of this,
it can beconcluded that the inhibitory
concentrations i.e.IC50 and IC80 are found to be
effective
against
abovementioned
microorganisms.[171,172].Table.2.
4.0.LIMITATIONS TO HUMAN CLINICAL
TRIALS
In 2013,Joao Tome-Carneiro et al reviewed the
currently
available
evidence
regarding
resveratrol’s effects on humans obtained from
randomized clinical trials.It was found that
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although, vast majority of preclinical studies have
been performed using assay conditions with a
questionable extrapolation to humans, i.e. too high
concentrations with potential safety concerns
(adverse effects and drug interactions), short-term
exposures, in vitro tests carried out with nonphysiological metabolites and/or concentrations,
etc. [173].
Unfortunately, all these hypothesis-generating
studies have contributed to increased the number
of ‘potential’ benefits and mechanisms of
resveratrol but confirmation in humans is very
limited. Therefore, there are many issues that
should be addressed to avoid an apparent endless
loop in resveratrol research. The so-called
‘Resveratrol Paradox’, i.e., low bioavailability but
high bioactivity, is a conundrum not yet solved in
which the final responsible actor (if any) for the
exerted effects has not yet been unequivocally
identified.[174].Resveratrol represents a relatively
new class of chemo preventive agent in
comparison with retinoid and other diet-derived
compounds. Although, it
has proved to be
capable of retarding or preventing steps of
carcinogenesis in various in vitro and in vivo
models, it is rather surprising that very little
studies have assessed the effectiveness of
resveratrol in humans. In part, this may be
attributable to the pharmaceutical industry’s
reluctance to promote resveratrol, or any natural
compound, in combating chronic diseases which
may be otherwise targeted through more profitable
proprietary drugs. [100].
4.1.Bioavailability and Pharmacokinetics of
Resveratrol
Resveratrol has emerged as a leading candidate
for improving health span as it able to slow down
the aging process as well as prevents the chronic
diseases. The limited bioavailability of
resveratrol in humans has been a major concern
for translating basic science findings into clinical
efficacy. The bioavailability and metabolism of
trans-resveratrol have been widely studied in rats
and humans given that its efficacy depends on its
absorption and metabolism [175]. However, it is
difficult to provide an adequate pharmacokinetic
Anita V.Handore, et al.

description of the intricate processes that
determine the bioavailability of resveratrol. A
preliminary evaluation of the plasmatic
pharmacokinetics of trans-resveratrol was carried
out after the oral administration of 2 mg/kg to
overnight fasted rats .Blood samples were
extracted at different time points over an hour,
and showed low plasmatic concentrations of
unchanged
trans-resveratrol
with
peak
concentration of 550 ng/mL at 10 minutes. [177].
The low bioavailability for trans-resveratrol
indicates that the small intestine comes out as the
first bottleneck to the entry of this compound to
the organism.[176,178]
The pharmacokinetics of resveratrol shows two
interesting characteristics worth consideration,
however, these require further study for
corroboration. Firstly, the administration of
Resveratrol is circadian dependent, as the AUC
(Area Under the Curve) in a plasma level graph is
larger after morning than after afternoon oral
administration
[179,180].Consequently,
bioavailability of resveratrol would be higher if
administered in the morning. Secondly, as
mentioned, the pharmacokinetic parameters have
high interindividual variability, with variance
coefficients of around 40%, in which the impact
of patient gender or age is insignificant, as shown
in comparisons of groups of men and women,
young and older people [181].
In 2013, Sharan and Nagar showed that the body
extensively metabolized resveratrol where
gut,liver and lungs are the mainly positions of
resveratrol metabolism.[182] .In 2005, Wenzel
and Somoza reported that around 75% of
resveratrol is removed by urine and excreta .Very
limited information is available on the excretion
of resveratrol [183]. Boocock DJ et al(2007) and
Brown V.A,et al (2010) demonstrated that total
clearance of resveratrol ranges between 2.5 to 3.0
l/h (41.7 ml/min to 50 ml/min).[184,185].The
elimination half-life (t½) has been calculated at
1.1 h after a dose of 100 mg Resveratrol , while
after 1.0 g/ day administration for 21 days, the t½
is 9.7 h [179,180].Resveratrol is eliminated
relatively quickly and it has been reported that up
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to 77% of the dose is eliminated within the first
four
hours
post-administration.[186].In
2013,Augustin et al., reported that bioavailability
of resveratrol is low or zero for almost time and
may be attributed to speed and extensive
metabolism or its limited water solubility and the
consequent compound of different metabolites
such as resveratrol sulphates and resveratrol
glucuronides.[187].
Absorption of resveratrol is affected due to its low
water solubility (0.03 g/L) .In order to increase its
solubility, ethanol (50g/L) or organic solvents
may be used. It is important to highlight the ability
of resveratrol to form a wide range of organic
molecular complexes. Sterification of hydroxyl
groups with aliphatic molecules can also be
employed as a tool to increase its intestinal
absorption and cellular permeability. For example,
resveratrol acetylation can increase its absorption
and its cellular capture without loss of activity
[188,189].
In 2011, D. Delmas et alstudied the absorption
level of resveratrol at intestinal level and found
that resveratrol is absorbed by passive diffusion or
forming complexes with membrane transporters,
such as integrins. Once in the bloodstream,
resveratrol can be found essentially in three
different forms: glucuronide, sulfate, or free. The
free form can be bound to albumin and
lipoproteins such as LDL (low-density
lipoprotein). These complexes, in turn, can be
dissociated at cellular membranes that have
receptors for albumin and LDL, leaving the
resveratrol free and allowing it to enter cells.
[205].Resveratrol’s affinity for albumin suggests
that it could be a natural polyphenolic reservoir,
playing an important role in its distribution and
bioavailability M. Urpı-Sarda et al has stated that ,
resveratrol can interact with fatty acids due to its
chemical characteristics and the in vitro studies
showed that more than 90% of free transresveratrol
binds
to
human
plasma
lipoproteins.This binding is also found in vivo, as
shown by the presence of dietary polyphenolic
compounds detected in isolated LDL in blood
samples of healthy human volunteers[190] .[191]
Anita V.Handore, et al.

There is surprisingly very little data regarding the
bioavailability of resveratrol in humans.If
bioavailability is indeed a limitation in the
clinical utility of resveratrol, there is a need to
further
explore
methods
to
optimize
bioavailability in humans. [191].Encapsulated
resveratrol provides a potential approach for
improving the solubility of resveratrol,
consequently enhancing it’s bioavailability.
[187].In 2016, Balata G et al., demonstrated the
potential usefulness of self-emulsifying drug
delivery systems in the improvement of
dissolution rate and thereby oral bioavailability
of resveratrol compared to unprocessed drug
[192].
5.0. Nano-technological Solution Over Limited
Bioavailability
Now-a-days research community has been trying
to find techniques to enhance bioavailability of
resveratrol and recently there are number of
studies which are related to use of nanotechnology
to improve the bioavailability of resveratrol. There
is emerging evidence that nano formulations of
resveratrol can protect resveratrol from
metabolism during the digestive process, which
ultimately increases tissue absorption in animal
models [193]. Nano formulations can improve
resveratrol’s solubility and transport across the
plasma membrane, and thus enhance its effects
within cells. [194] .In 2010,Frozza, R.L et
alreported that resveratrol loaded onto lipid-core
nanocapsules improved tissue concentration in the
brain, liver, and kidney of healthy rats compared
to free resveratrol .Additionally, the nanocapsule
formulation decreased gastrointestinal damage in
rats which suggests such a formulation could
improve tolerability in humans while also
increasing bioavailability.[195].In 2010, Guo, L et
al., stated that in the model of ovarian cancer,
resveratrol-bovine serum albumin nanoparticles
initially demonstrated greater blood concentration
than resveratrol alone following intraperitoneal
injection. However, the nanoparticle formulation
achieved greater tissue distribution to the liver,
heart, kidney, and ovary, and ultimately it was
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found to be more efficientthan standard
resveratrol. Similarly, resveratrol loaded solid
nanoparticles
proved
selectively
greater
distribution to the brain, yet similar or even lower
distribution to other tissues compared to free
resveratrol .[196,197].
Comprehensive reviews of nanotechnological
approaches to increase the bioavailability of
resveratrol and other phytochemicals have
recently been published. [198,199].Though
nanotechnology holds much promise for
enhancing the bioavailability of resveratrol,
considerable work must be done in this realm,
which may be specific to intended use (e.g.,
general
cardiovascular
vs.
cancer
chemotherapeutic) and route of delivery (e.g.,
dermal vs. oral vs. intravenous). Nonetheless,
these nano-technological approaches are yet to be
attempted in humans. [191].
In 2015, Imtiaz A. Siddiquiet al., demonstrated
recent novel nano technological approaches used
to deliver sustained levels of resveratrol .It was
observed that to date, no resveratrol-based
nanosystems have been approved for clinical use,
and this would provide the driving force for
further evolution of research on innovative
nanodevices
able
to
consolidate
the
chemopreventive potential of resveratrol. [200]
6.0. CONCLUSION
In modern lifestyle, society is desperately concern
about nutritional food derived from natural
resources. In this perspective, nutraceuticals has
been proved to be the
foundation of several
research studies throughout the world. Recent
lifestyle as well as environmental pollution leads
to number of diseases and disorders. Accordingly,
desire of consumers, for plant-derived products
with potent biological properties has been
increased. Resveratrol is clinically proved to be
the remedy for various disorders and there is high
demand for large scale production of resveratrol
due to its application in nutraceutics cosmetics
and pharmaceutics etc. This review summarizes
the natural biosynthesis of resveratrol with respect
to grapevine as well as the brief knowledge on the
Anita V.Handore, et al.

biosynthetic pathway of resveratrol has been
stated. Significance of grapevine plant for natural
production of resveratrol by means of various
biotic and abiotic elicitors in order to achieve the
maximum induction and/or elicitation of
resveratrol in grapevine and its cell suspension
cultures is also systematically included in it.
This review focuses on ability of some fungal
pathogensviz.Botrytis
cinerea,Plasmopara
viticola,Rhizopus stolonifer,Uncinula necator ,
few bacterial strain(genus Bacillus ) and some
chemicals to elicit resveratrol production of.The
studies on antibacterial activity of resveratrol
indicated that the potent pathogens like
N.meningitidis and N.gonorrhoae are inhibited
whereas other normal flora such as E.coli,
S.aureus,S.pyogenes,P.aeruginos are not inhibited
at low concentration. The inhibition of potent
pathogens seems to be important to overcome the
related disorders whereas,the opportunistic
pathogens are not inhibitedgiving a great
advantage to resveratrol as a neutral agent in the
human therapy.
This review also presents the clinical potential of
resveratrol in the prevention and treatment of
various diseases and disorders like cancer,
cardiovascular
diseases,
neurodegenerative
disorders, diabetes and chronic respiratory
diseases etc and .highlighted the limitations of
bioavailability
of
resveratrol
and
pharmacokinetics along with possible solutions
with regard to nanotechnology.
7.0. FURTHER RECOMMENDATIONS
Although, resveratrol is very remarkable
compound due to its diverse potential and
biological activities, its bioavailability limits the
clinical applications of resveratrol.Therefore,
continued efforts towards optimizing the
bioavailability of resveratrol and determining its
pharmacokinetics, pharmacodynamics and safety
profile in different populations consisting, all the
age groups including the pregnant women are
needed.
In view of the high demand for
resveratrol,
further research should be carried out for
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enhanced
resveratrol production from cell
suspension culture. As well as there is necessity
for finding out the efficient elicitors which can
increase the resveratrol level in indigenous as well
as worldwide grapevine cultivars.
Further study for development of best operating
conditions for achievement of high amount of
trans-resveratrol in the grapevine cell suspension
culture in harmony with biotic and abiotic elicitors
for nutraceutical applications is required.
There is need to explore the intellectual property
right concerning the Indian traditional knowledge
and ancient medicinal practices with respect to
Ayurvedic rejuvenating and healing formulations
by use of grapes and grape products.
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