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Grape seed extract (GSE) is a complex mixture of several compounds,
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mostly represented by polyphenols and phenolic acids. Their
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consumption is safe and is recognized to exert several and meaningful
health benefits. In particular, grape-related anti-tumoral activity
encompasses a wide array of biological mechanisms and cellular
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targets, eventually leading to inhibition of cell growth and to enhanced
apoptosis in several cancer cell lines, including lung, colon, breast,
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bladder, leukemia and prostate tumors. Those effects are likely
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modulated at the molecular level through selectively modulating the
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redox balance and displaying anti-oxidant as well as pro-oxidant
actions, according to the specific context. GSE-related anti-cancer
activity mostly relies on the induced increase in reactive oxygen species, followed by the
orchestrated down- and up-regulation of several key-molecular pathways, including MAPK
kinases, PI3K/Akt, NF-kB, cytoskeleton proteins and metalloproteinases. This review will
focus on Grape seed extract (GSE) may have a great relevance as source of potential new
pharmacological molecules, and could represent an important opportunity for clinical
research in the context of cancer.
KEYWORDS: Grape seed extract (GSE), Apoptosis, Chemoprevention, and Oxidation.
INTRODUCTION
Grape seeds and fruits
Cancer is among the leading cause of death in the Western world and its incidence is rising
sharply in the developing countries too. By no doubt, that trend can be likely ascribed to the
world-wide adoption of western dietary habits, characterized by high saturated fat diet, low
intake of fresh vegetables and fruits, with reduced assumption of polyphenolic-rich foods
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(like green tea, soy and grape seeds).[1] On the contrary, high and regular consumption of
polyphenolic-rich foods has proven to significantly reduce the incidence of breast, lung,
prostate and gastro-intestinal human cancers.[2] Among those foods, a prominent role is
undoubtedly sustained by grapes and grape-related aliment and beverages. From time
immemorial grapes have been used both for medicinal and nourishment purposes, chiefly in
Greece and in Italy. Grapes (Vitisvinifera) have been heralded for their medicinal and
nutritional value for thousands of years: Egyptians ate grapes at least 6,000 years ago, and
several ancient Greek philosophers praised the healing power of grapes, usually in the form
of wine. The role that the grape has in the food culture of the Mediterranean countries is
comparable only to that played by tea in among the peoples of Asia, indeed. An impressive
body of the current scientific literature supports the health benefits claimed by the medical
tradition.
Several epidemiological studies have associated the consumption of grapes, wine, and grape
juice with a wide variety of health-promoting effects, particularly the reduced risk of cancer
and cardiovascular diseases.[3-6] It is worth of mentioning that a significant linear decrease in
risk of lung cancer associated with consumption of red wine among eversmokers has been
recorded by a multiethnic cohort study involving more than 80,000 men: consumption of 1-2
cup of wine reduces the risk of lung cancer of approximately 60%. A similar trend has been
observed by other studies.[7-10] Interestingly, a similar pattern has been recorded by
epidemiological studies performed on Green Tea.[11-14] Tea and grape have different chemical
composition.[15] Yet, many GSE components (epigallo-catechins, procyanidins, flavonoids)
are also found in Green Tea, and they may well account for the widely recognized beneficial
effects of tea consumption. However, even if a consistent overlap has been observed in
between the biological properties of both mixtures, yet extracts from grapes and tea differ
significantly in their effectiveness, given that when they are simultaneously added to cancer
cells, a synergistic, significant effect can be observed.[16] Yet, the beneficial properties of
both tea and grape (or grape derived food products), are believed to be related to their
polyphenolic content[17,18]; and, by no doubt, grapes constitute one of the major sources of
phenolic compounds among fruits.[19]
GRAPE SEED COMPOSITION
Grape seed composition differs significantly in between different cultivars[20-23], namely
when white versus red grapes are considered. Yet, those differences reflect not only genetic
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variability, but also highlight the impact of vineyard treatments, ripeness grade[24,25],
irrigation strategy[26,27] and nitrogen fertilization.[28] Even within seeds obtained from the
same cultivar a significant variability in chemical composition has been recorded, and such a
result may be likely ascribed to differences in the extraction method.[29-31] In addition, several
environmental and biological factors, such as hyperopic, light, drought, high salinity, cold,
metal ions, pollutants, xenobiotics, toxins, reoxygenation after anoxia, experimental
manipulations, pathogenic infection and ageing of plants may affect yields and seed quality,
mainly by inducing oxidative stress.[32,33] Nonetheless, plant cells have a wide array of
detoxifying enzymes and pharmacologically active, anti-oxidant compounds that scavenge
Reactive Oxygen Species (ROS), participate in seed survival, and may hence display relevant
pharmacological activities.[34] Besides some minor components, main grape seed constituents
are represented by polyphenols, phenolic and hydroxy-benzoic acids. Stylbenes (transresveratrol) as well, are occasionally found, even if in a few varieties.[35]
Polyphenols (Flavonoids) is a collective noun given to several classes of structurally similar
compounds, having a common C6-C3-C6 flavone skeleton in which the three-carbon bridge
between the phenyl groups is commonly cyclized with oxygen. Flavonoids include several
classes of compounds: Flavones (luteolin), Flavan-3-ols (catechins, epicatechins, epigallocatechins, epigallocatechin-3-gallate, procyanidins), Flavanones (neringein), and Flavonols
(quercetin, rutin, kaempherol) and Anthocyanins.[36] Each class differs from the other
according to the degree of unsaturation and oxidation of the three-carbon segment.[37]
Flavonoids are usually present in nature as glycosides: the sugar moiety attached to the
flavonoid structure affects ease of absorption from the intestinal tract and the bioavailability
of the compound. Yet, glycosylation lessens the reactivity of flavonoids against free radicals
and slow-down their intestinal absorption[38] Grape seeds have higher content of both
phenolic acids and flavonoids (where they account for 60-70% of dry extract) [39] than grape
skin and whole grape extract, meanwhile resveratrol and anthocyanidins are more abundant
in the latter two extracts.[40] Several individual grape seed components have been
demonstrated to display relevant chemical and biological functions, such as antioxidant[41],
anti-inflammatory[42], inhibition of platelet aggregation[43], antimicrobial[44], and “anti-aging”
activities.[45] Those properties have been found to be directly associated to the total
polyphenolic content[46,47] and specifically ascribed to the activity of the more effective
components, among which ellagic[48] and gallic acid[49], epigallocatechin-3-gallate[50],
procyanidins[51] and quercetin[52] are by far the most important. Gallic acid, procyanidins and
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epigallo-catechins overall account for about 80-90% of dry extract[53], and medical properties
of grape seeds are generally referred to those molecules, indeed.[54]
Yet, the contribution of other active, even less represented molecules cannot be excluded,
given that some biological functions seem to be synergistically afforded by interactions
among the different components.[55] Namely, the well-known anti-oxidant effects exerted by
GSE, can only barely be explained by the sum of the anti-oxidant activities of each individual
component. Indeed, correlation analysis showed that none of the identified polyphenols had a
strong correlation with protection from ROS.[56] Thus, it seems that there may be a synergism
between polyphenols and or between polyphenols and phenolic acids and other
phytochemicals. Similarly, even if anticancer effects are generally thought to be exerted
mainly by procyanidins and epigallo-catechin-3-gallate (EGCG), again the overall GSE
anticancer effect is higher than that obtained by the sum of each individual component.[57]
Chemical Structures

Figure 1: Chemical structures of the principal GSE components.
www.wjpr.net

Vol 7, Issue 9, 2018.

294

Baghel et al.

World Journal of Pharmaceutical Research

BIOLOGICAL ACTIVITY OF GRAPE SEED EXTRACTS
Antitumor activity
Many of the phytochemicals present in plants are generally accepted as contributors toward
these health positive effects.[58] Grapes and grape-based products are one such class of dietary
products that have shown cancer chemopreventive potential and are also known to improve
overall human health.[59] Bomser et al examined the antitumor promoting activity of a
polyphenolic fraction from grape seeds in CD-1 mouse skin epidermis. The final number of
tumors per mouse in the 5, 10, and 20 mg grape seeds polyphenolic-treated animals was
decreased 63, 51, and 94%, respectively, compared to controls. These studies indicate that
grape seed polyphenolic extract possesses antitumor promoting activity when applied to CD1 mouse skin.[60] Aluyen et al performed a systematic review to determine whether resveratrol
is effective as an anticancer agent. The major mechanisms of actions in which resveratrol
works include proapoptotic, anti-proliferation, and anti-inflammation. In conclusion,
resveratrol appears to have anticancer effects.[61] In one study, Del Follo-Martinez et al
investigated the anticancer activity of resveratrol and quercetin in combination (1:1 ratio) in
HT-29 colon cancer cells. Moreover, gallic acid, a natural polyphenol present in a wide range
of fruits and vegetables, has been of potential interest as an anticancer agent.[62] Kaur et al
evaluated the efficacy of grape seed gallic acid in androgen-independent DU145 and
androgen-dependent-22Rv1 human prostate cancer cells.
Gallic acid decreased cell viability in a dose-dependent manner in both DU145 and 22Rv1
cells largely via apoptosis induction.[63] Zhang et al investigated the synergistic antitumor
effect of grape seed proanthocyanidin and doxorubicin both in vitro and in vivo.
Approximately 100 mg/L proanthocyanidin 12.5 mg/L inhibited proliferation of K562, A549,
and CNE cells in vitro in a time- and concentration-dependent manner. These results suggest
that proanthocyanidin enhances the doxorubicin-induced antitumor effect and its mechanism
is attributed to the promotion of doxorubicin-induced apoptosis through increasing intracellular doxorubicin, Ca2+ and Mg2+ concentrations, and reducing pH value and
mitochondrial membrane potential.[64] In another study, Ye et al assessed the cytotoxicity of
grape seed proanthocyanidin extract against MCF-7 human breast cancer cells, A-427 human
lung cancer cells, CRL-1739 human gastric adenocarcinoma cells, and K562 chronic myelogenous leukemic cells. Concentration- and time-dependent cytotoxic effects of grape seed
proanthocyanidin extract were observed on the MCF-7 breast cancer, A-427 lung cancer, and
gastric adenocarcinoma cells. These data demonstrate that grape seed proanthocyanidin
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extract exhibited cytotoxicity toward some cancer cells, while enhancing the growth and
viability of the normal cells which were examined.[65] Zhao et al assessed the antitumorpromoting effect of a polyphenolic fraction isolated from grape seeds and employed the 7,12dimethylbenz[a]anthracene-initiated and 12-O-tetradecanoylphorbol 13-acetate promoted
SENCAR mouse skin two-stage carcinogenesis protocol as a model system. The observed
antitumor-promoting effects of grape seed proanthocyanidin extract were dose-dependent and
were evident in terms of a reduction in tumor incidence (35 and 60% inhibition), tumor
multiplicity (61 and 83% inhibition), and tumor volume (67 and 87% inhibition),
respectively. Procyanidin B5-3′-gallate showed the most potent antioxidant activity with an
IC50 of 20 microM in an epidermal lipid peroxidation assay. The results show that grape seed
polyphenols possess high antitumor-promoting activity due to the strong antioxidant effect of
procyanidins present therein. In summary, grape seed polyphenols in general, and
procyanidin B5-3′-gallate in particular, should be studied in more detail to be developed as
cancer chemopreventive and/or anti-carcinogenic agents.[66] Recently, Tyagi et al identified
procyanidin B2 3,3″-di-O-gallate as the most active constituent of grape seed extract for
efficacy against prostate cancer. Both B2 3,3″-di-O-gallate preparations inhibited cell growth,
decreased clonogenicity, and induced cell cycle arrest and apoptotic death, comparable to
each other, in various human prostate cancer cell lines.[67]
Antioxidant activity
Grape seed extract is derived from the grape seeds that is extracted, dried, and purified to
produce polyphenolic compound-rich extract that also has well documented antioxidant,
antimicrobial, and anti-inflammatory properties.[68] Jayaprakasha et al evaluated the
antioxidant activity of grape seed extracts using β-carotene-linoleate model system and
linoleic acid peroxidation method. The results showed that different extracts had 65%–90%
(scavenging rate) antioxidant activity at 100 ppm concentration. The present work indicated
grape seed extracts may be exploitable for the preservation of food products as well as for
health supplements and nutraceuticals.[69] Shaker evaluated the antioxidative effect of red
grape seed and peel ethanolic extracts on primary and secondary lipid oxidation in sunflower
and conjugated sunflower oils. After 6 days, a high antioxidative effect was found for the
secondary oxidation products in conjugated sunflower for peel extract followed by seed
extract.[70] In one study, Kim et al evaluated the effect of heating and physical conditions of
grape seeds on the antioxidant activity of their extracts. The results indicated that antioxidant
activity of grape seed extract was affected by heating conditions and physical conditions of
www.wjpr.net
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grape seeds at the time of heat treatments.[71] Brannan and Mah determined the antioxidant
effect of grape seed extract by assessing the bleaching of pyrogallol red by peroxynitrite or
iron/ascorbate, and the formation of lipid hydroperoxides and thiobarbituric acid substances
in raw or cooked ground muscle during refrigerated or frozen storage. In this model, grape
seed extract was more effective than gallic acid in inhibiting oxidation. These results show
that grape seed extract at concentrations as low as 0.1% is a very effective inhibitor of
primary and secondary oxidation products in various muscle systems and has potential as a
natural antioxidant in raw and cooked meat systems.[72] Furiga et al investigated the effect of
a grape seed extract on two oral anaerobes closely associated with periodontal diseases and
its antioxidant action. The evaluation of antioxidant activity was based on the capacity of a
sample to scavenge the ABTS radical cation as compared to a standard antioxidant (Trolox).
It significantly decreased the formation of biofilm. High Trolox equivalent antioxidant
capacity was registered and this extract exhibited greater antioxidant capacity than vitamins C
and E.[73] Moreover, Sung and Lee evaluated the antioxidant and antiproliferative activities of
grape seeds from ten different cultivars. The antioxidant activity of the grape seeds was
determined by radical scavenging activities and reducing power. Both the polyphenol and
flavonoid contents were positively correlated with radical scavenging activity (R2.0.9). These
results may provide basic information about health-beneficial effects of grape seeds.[74] JaraPalacios et al evaluated the antioxidant potential of white grape pomaces from nine different
varieties. Grape pomaces exhibited different quantitative phenolic profiles and different
antioxidant activities, with significant differences (P,0.05).[75] The mechanism of antitumor
activity might be associated with free radical production inhibition and regulation.
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Figure 2: Molecular mechanisms of GSE interactions. GSE interacts with many cellular
biochemical and genetic pathways, through which cell proliferation, cytoskeleton
rearrangement, apoptosis and cell differentiation are modulated. A pivotal key-step is
supported by the increase in ROS formation induced in cancer cells by GSE through the
selective regulation of the redox balance. Acronymous: DISC, death-inducing signaling
complex; FADD, Fas associated death domain; transmembrane death receptors, DR4,
DR5; tumor necrosis factor-related apoptosis-inducing ligand (TRAIL); Insulin, INS;
cAMP response elementbinding protein ,CREB); poly-ADP-ribose polymerase, PARP;
FOXO1, forkhead box O1; histone androgen acetyltransferase, HATs; Apoptosis
Inducing factor, AIF; Apoptotic protease activating factor 1, APAF; Hypoxia-inducible
factor 1-alpha, HIF-α; testosterone, TEST; Androgen receptor, AR; Inositol-3phospgate,

IP3;

Phosphatydyl-Inositol-3-phosphate,

PIP3;

Calmodulin,

CaM;

Calmodulin kinase, CaMKK; PKC, protein kinase C; p53 upregulated modulator of
apoptosis, PUMA; phosphatase and tensin homologue deleted on chromosome ten,
PTEN; nuclear factor kappa B, NF-kB; inhibitor of kappa B, IK-b (comprising the
subunits IKKα,β,γ; Mouse double minute 2 homolog, MDM2; activator protein 1, AP-1;
Nitric

oxide,

NO;

urokinase-type

plasminogen

activator,

uPA;

matrix

metalloproteinases,MMP2-9; Topoisomerase-I, Tp-Is 1; Prostaglandin-endoperoxide
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synthase 2 or cyclooxygenase-2, COX-2; prostaglandin E2, PGE2; 5’ AMPactivated
protein kinase, AMPK; ETS domain-containing protein, Elk-1; cyclin, C; cyclindependent kinases, CDK; ubiquitination complex, Ub; cytoskeleton, CSK; extra-cellular
matrix, ECM; epithelial-mesenchymal transition, EMT.
Reactive Oxygen Species (Ros), Mitochondrial Potential and Calcium
GSE, as well as many grape polyphenols and phenolic acids, have been shown to induce
significant inhibition of cell proliferation and to enhance apoptosis in several cancer cell
lines. Those effects occur at both low and high GSE concentration, the necrotic processes
becoming more evident for the highest GSE doses. Such effects have been recently
demonstrated to be dependent on ROS formation, occurring early after GSE administration in
lung, bladder and colon cancer cells.[76] Concomitantly to ROS enhanced formation, the
mitochondrial membrane potential was significantly reduced, dose and time-dependently in
GSE treated cancer Cells.[77] Similar findings have been also reported by adding tea
polyphenols to a wide array of cancer cell lines.[78] Those effects were long-lasting, as the
decrease in mitochondrial potential still remains after 3-6 hours.[79,80] The mitochondrial
transmembrane potential is often used as an indicator of cellular viability and metabolic
activity, and its disruption has been involved in a variety of apoptotic phenomena.[81]
Moreover, mitochondria have also been implicated in ROS generation during apoptosis.
Indeed, reduced mitochondrial membrane potential has recently been shown to lead to
increased generation of ROS and apoptosis.[82] Furthermore, mitochondria are central players
in cellular Ca2+ signalling given that they contribute in shaping and buffering cellular Ca2+
signals.[83,84] It is widely recognised that Ca2+ displays growth inhibiting and differentiationpromoting activities in a variety of normal and malignant epithelial cells. We have
reported[85] that intracellular Ca2+ rapidly increased after the addition of GSE to cell cultures.
This effect might be due to the mobilisation of intracellular Ca2+ stores, or to the influx of
extracellular Ca2+. In order to address these issues, Caco-2 colon cancer cells were incubated
in a Ca2+-free medium containing the Ca2+ chelator EGTA, before addiction of GSE
obtained from different grape cultivars. Addition of EGTA does not modify intracellular
concentration of Ca2+ in Red Globe-treated cells, indicating that modification in intracellular
Ca2+ was tightly dependent on extracellular Ca2+ influx in this very case. However, addition
of EGTA to the medium supplemented with GSE obtained from Italia and Palieri cultivars,
slightly reduced but did not completely inhibit the increase observed in Ca2+ intracellular
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levels, thus demonstrating that Ca2+ release in these specific cases is largely due to the
depletion of intracellular Ca2+ stores. Yet, addition EGTA abolished almost completely
GES-induced apoptosis on colon cancer cells as well as mitochondrial depolarisation, thus
suggesting the two phenomena are entrenched. Further addition of NAC did not modify
significantly those results, suggesting that ROSinduced Ca2+ release is a mandatory step in
anticancer effects triggered by GSE. As previously suggested[86], those data outline a
crosstalk signalling in between Ca2+ and ROS: ROS may regulate the activity of Ca2+activated channels and, at the same time, increased Ca2+ levels could reinforce ATP
synthesis-induced ROS generation. GSE-induced elevation in intracellular calcium levels is
also associated to a dramatic downregulation of Calmodulin A (CaM) in breast cancer
cells.[87] CaM binds to calcium and hence activates several pathway involved in cancer
progression, and increased levels of CaM have been found in cancer cells.[88] However,
uncoupled Ca2+ activates the RAF/MEK/ERK pathway and promotes phosphorylation of
MAPKp38 and JNK, eventually leading to over-expression of p53.[89]
PRO-APOPTOTIC EFFECTS OF GSE
GSE and MAPK kinases
The extensive investigations with the GSE have identified various molecular targets involved
in GSE-mediated cancer cell apoptosis. The PI3K/Akt pathway plays a pivotal role in
mammalian cell survival signaling and has been shown to be activated in various cancers.[90]
Indeed, phosphorylated PI3K and Akt are thought to be key factors in modulating downstream kinases activation and NF-kB-dependent pathways. It is worth of noting that grape
and tea polyphenols[91], as well as GSE, have been shown to decrease the PI3K levels and Akt
phosphorylation, even enhancing proteasome degradation of Akt in several cancer cell
lines.[92] Down-regulation of the phosphorylated form of PI3K is a key event in Akt
regulation: Akt binds to phosphatidylinositol- 3-phosphate (PIP3), and PI3K induces its
phosphorylation at the carboxy-terminal of Ser473 residue. PI3K is negatively regulated by
the phosphorylated form of phosphatase and tensin homologue deleted on chromosome ten
(PTEN), a lipid phosphatase that catalyzes the dephosphorylation of PIP3 and thus inhibit
PI3K/Akt phosphorylation.[93] Absence of PTEN strongly correlates with activation of
PI3K/Akt in tumour cell lines[94], whereas GSE significantly decreased PTEN
phosphorylation, and thereby increased its negative regulation on the PI3-K pathway.[95]
Phosphorylated Akt may in turn activate survival pathways by directly phosphorylating
specific targets. Indeed, Akt negatively regulates factors that promote the expression of death

www.wjpr.net

Vol 7, Issue 9, 2018.

300

Baghel et al.

World Journal of Pharmaceutical Research

genes (Bad)[96] and positively regulates antiapoptotic factors (Bcl-2, CREB)[97,98] and prosurvival genes (FHKR, NFkB).[99,100] GSE significantly inhibited Akt-dependent FKHR
phosphorylation in Caco-2 cells, thus leading to FHKR proteins residing predominantly in the
nucleus where they are able to promote transcription of pro-apoptotic target genes such as
Fas-L and Bim through specific DNA elements in their promoters. In addition, GSE
suppresses Akt-related effects on CREB, NFkB[101], BAD and Bcl-2, thus promoting an
overall pro-apoptotic effect on cancer cells. MAPKs signaling pathway is an important
upstream regulator of transcriptional factor activities and their signaling affects a wide variety
of extracellular stimuli into intracellular events and thus control the activities of downstream
transcription factors implicated in cancer development and progression.[102] GSE has been
reported by many studies to enhance the activation of JNK and p38MAPK, through a
pathway requiring intracellular calcium increase.[103]
In turn, p38MAPK enhances apoptosis through Bcl-2 inactivation, caspase increase and
mitochondria depolarization.[104] That effect has been related to ROS[105] and intracellular
calcium increase and it is generally thought to participate in enhancing the overall GSEinduced apoptotic action on cancer cells. Yet, opposite findings have been recorded in normal
cells.[106] Moreover, GSE and several different polyphenols from both grape and tea have
been showed to exert contradictory effects on ERK1/2 activation: meanwhile some studies
reported epigallocatechin-3-gallate phosphorylation of ERK1/2[107], we and others have
observed a selective inhibition of ERK phosphorylation in colon and prostate cancer cells
treated with GSE[108,109,110], or even EGCG.[111,112] Indeed, both down- and up-regulation of
ERK activation in cancer cells have been reported occurring after treatment with GSE or
isolated polyphenols.[113] Those contradictory results may be ascribed to differences in the
cell culture, to dose-dependent dual effects, or to the prevalence of a specific single bioactive
component, given that opposite effects on ERK activation have been documented by using
different single bioflavonoids.[114] Therefore, data provided by experimental models need to
be interpreted according to a systemic approach, i.e. by taking into consideration the dynamic
interplay of several other observables.[115] In some way GSE and many dietary pholyphenols
seem also to modulate the complex array of PKC iso-enzymes, leading to increased PKCα
activation.[116] GSE may activate PKC, namely the PKCα and PCKδ isoforms, probably by
increasing intracellular Calcium[117], and promoting PCKδ translocation into the nucleus,
where PKC act as proapoptotic factor.[118] PKCα, together with PCKδ, could participate in
inhibiting Akt phosphorylation and in triggering the extrinsic apoptotic cascade, especially in
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prostate cancer cells.[119] However, the interplay in between GSE and PKC dynamics is very
poorly understood and deserves further investigation. Several studies have indicated that
elevated levels of inflammation modulators are functionally related to tumor promotion.
Prostaglandins are produced in abundance by the metabolic conversion of arachidonic acid by
COX-2, which has been known to be upregulated in a number of malignancies. Four
transcription factors including nuclear factor kappa B (NF-kB), CCAAT/enhancer-binding
protein (C/EBP), activator protein 1 (AP-1) and CRE-binding protein (CREB) have been
identified to bind to the cis-acting elements required to promote COX-2 expression.[120]
Among the aforementioned factors, NF-kB and AP1 play a relevant role in cancer
development and progression.[121] The NF-kB proteins can be activated by a wide variety of
stimuli that relieve NF-kB from the inhibition exerted by IkBα. NF-kB is indeed constrained
in the cytosol by binding to IkBα. NF-kB activation requires necessarily that this association
be disrupted. Almost all activators of NF-kB do so by phosphorylating IkBα when bound to
NF-kB–Ikα kinases resulting in accelerated degradation NF-kB and nuclear translocation of
free NF-kB.[122] In the nucleus, NFkB targets different gene promoters, enhancing prosurvival pathways and even COX-2 genes expression. In vitro treatment of human
epidermoid carcinoma A431 cells with GSE down-regulates the constitutive expression or
basal level of NF-κB/p65 and IKKα and simultaneously inhibits the degradation of IκBα
protein.[123] Indeed, many polyphenols as well as GSE have been proven to down-regulate
NF-kB[124,125-127], and COX-2 expression. As for EGCG extracted from tea[128], NFkB downregulation by GSE may also involve inhibition of Her-2/neu receptor tyrosine
phosphorylation, an oncogene member of the EGFR family thought to play a relevant role
during cancer development. To our best knowledge, among dietary flavonoids, only
EGCG[129], Flavones[130,131] and mangiferin[132] (an apple procyanidin), share with GSE that
meaningful, inhibitory property on NFkB activation. Eventually, GSE has been reported to
down-regulate the activator protein-1 (AP-1) levels in cancer cells[133], likely through
different, synergistic biochemical pathways, as it was demonstrated by using isolated
polyphenols.[134] AP-1 is very often portrayed as a general, nuclear decision maker that
determines the final fate of the cell upon stimulation by extracellular signals, and its downregulation has been claimed to participate in inhibiting antiapoptotic and pro-survival
pathways.[135] Additionally GSE and tea polyphenols have been demonstrated to modulate
androgen[136] as well as estrogen signalling[137,138], involving a plethora of growth factor, as
EFG/EGFR[139], PDGF[140], VEGF[141] and IGFBP-3.[142] Overall, these effects may converge
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towards the aforementioned pathways, enhancing the anticancer activity displayed by GSE on
cancer cells.
CONCLUSION AND FUTURE PROSPECTIVE
Completed studies from various scientific groups conclude that both grapes and grape-based
products are excellent sources of various anticancer agents and their regular consumption
should thus be beneficial to the general population. Further studies are needed, however, with
individual phenolic compounds of grape seeds to elucidate the different antioxidant
mechanisms and possible synergism. Moreover, further research involving electrostatic spray
and nanoscale delivery of the active components present in these grape seed extracts and
using them as a component in multiple hurdle approach would enhance the food safety and
quality in addition to providing alternative “green” solutions to the food processors.
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