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carotenoids), and fibers that have been associat-
ed with reduced cancer risk. However, translation 
into the clinic of nutraceuticals as drugs has been 
a major hurdle. Several studies have demonstrat-
ed that diet, along with early screening, represents 
a crucial point in cancer management, suggesting 
that prevention starts from what we eat and what 
we drink. Chemoprevention is defined as the use 
of natural, synthetic (laboratory-made), or biologic 
(living source) agents able to delay, reverse, or in-
hibit tumor progression, in order to decrease the 
risk of developing invasive or clinically significant 
disease.5,6 Michael Sporn coined this term in 1979 
while testing the effect of vitamin A and retinoid- 
-supplemented diets on animal models of epithe-
lial cancer.7 When referred to cancer, a potential 
chemopreventive agent should be a well-tolerated 
compound with no toxicity or side effects yet ad-
ministered for an extended period of time to 
healthy subjects.

Several common beverages are rich in phyto-
compounds that have been shown to have antip-
roliferative, proapoptotic, antioxidant, and anti-
inflammatory activities, and many of those have 
been extensively investigated for their potential 
in cancer therapy and prevention. Thus, beverag-
es can be considered as a prevention tool, easily 
administered and “ready to drink”.

In the present paper, we aimed to discuss the 
potential use of diet derivatives, focusing on 

Introduction Changes in the world food econ-
omy are reflected in shifting dietary patterns, 
for example, increased consumption of energy- 
-dense diets rich in fat, mainly saturated fat, and 
low in unrefined carbohydrates and vitamins. 
These alimentary patterns are often associated 
with reduced energy consumption and a seden-
tary lifestyle.1-4 Given the changes occurring in 
diet and lifestyle habits, chronic noncommuni-
cable diseases are becoming increasingly signifi-
cant causes of disability and premature death in 
both developed and newly developing countries. 
It is known that specific alimentary habits, in-
cluding the Mediterranean diet characterized by 
a high consumption of vegetables, fruits, cere-
al, spices, and olive oil, are associated with a re-
duction of risk of cardiovascular diseases, type 2 
diabetes, neurodegenerative diseases, and some 
cancers. Prevention still remains the principal ap-
proach to manage such diseases.

Dietary factors, found in solid foods and bever-
ages, could contribute to the prevention of approx-
imately 30% of cancers in industrialized countries, 
making diet the second preventive approach in 
cancer. Fruit and vegetable consumption, both as 
solids and liquids, provides different nutrients and 
a range of bioactive compounds including vitamins 
(vitamin C, folate, and provitamin A), minerals 
(potassium, calcium, and magnesium), phytochem-
icals (flavonoids, phenolic acids, alkaloids, and 
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Specific alimentary habits, including a high consumption of vegetables, fruits, cereals, and olive oil, char-
acteristic of the Mediterranean diet, are associated with a reduction of risk of cardiovascular pathologies, 
type 2 diabetes, neurodegenerative diseases, and some cancers. Numerous beverages contain diverse 
natural compounds, termed phytochemicals, that have been reported to exert antitumor, antiangiogenic, 
and antioxidant properties. Here we review the chemopreventive and angiopreventive properties of selected 
phytochemicals found in common beverages: epigallocatechin (green tea), triterpenoids (citrus juices), 
resveratrol (red wine), xanthohumol (beer), procyanidin (chocolate), and caffeine (coffee), focusing on 
their molecular mechanisms, providing “ready to drink” prevention approaches.
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cell growth, invasion, angiogenesis, and the pro-
motion of metastasis.11 The antineoplastic prop-
erties of EGCG have been tested in vitro and in 
vivo, and, more recently, in clinical trials.12

Epidemiological studies conducted on the Jap-
anese population reported the preventive activ-
ities of EGCG in breast cancer. These effects are 
supported by numerous in-vitro and in-vivo stud-
ies. Numerous molecular mechanisms have been 
associated with the anticancer activities of EGCG, 
including impairement of tumor growth by inhib-
iting the activation of HIF-1α and NK-κB, and re-
pression of vascularization.13 Other studies have 
shown the ability of green tea polyphenols to in-
hibit angiogenesis in breast cancer by downregu-
lating vascular endothelial growth factor (VEGF) 
and matrix metallopeptidase 9 (MMP-9) expres-
sion through signal transducers and activators of 
transcription (STAT) 3.14 EGCG also reduces tu-
mor volume in mouse models of breast cancer.15 
The biological activities of EGCG on breast can-
cer are related to its ability to modulate estro-
gen target gene expression such as trefoil factor 
1 and progesterone receptor. EGCG also decreases 
P-glycoprotein and breast cancer resistance pro-
tein (ABCG2) expression in drug-resistant can-
cer cells of many types of tumors.

Several studies have shown the ability of 
EGCG to inhibit tyrosine kinase receptors and 
their downstream effectors such as pAKT and 
pERK.16,17 The laminin receptor has been identi-
fied as a potential EGCG receptor that modulates 

beverages as an approach to prevent or interfere 
with cancer development, summarizing the key 
features of some common diet-derived natural 
compounds with chemopreventive properties. 
We will discuss a few of these compounds, empha-
sizing how the efficacy of the “natural molecules” 
or their derivatives are associated with safety for 
healthy subjects (in a prevention approach) or as 
an integration to therapy for cancer patients (in 
an intervention approach).

Green tea and epigallocatechin Green tea is ob-
tained from the evergreen plant Camellia Sinensis 
leaves, and it can be considered as the most an-
cient beverage apart from water. Drinking green 
tea for disease prevention is a traditional Chi-
nese recommendation. Considering its high con-
tent of flavonoids, green tea possesses antipro-
liferative, antimutagenic, antioxidant, antibac-
terial, antiviral, and chemopreventive activities.8 
Catechins (epicatechin, epigallocaetchin, epicat-
echin-3-gallate, and epigallocatechin-3-gallate 
[EGCG]) are the major classes of flavonoids con-
tained in green tea,9 and EGCG is the most abun-
dant one, representing from 50% to 75% of the 
total amount of catechins.

The effects of EGCG have been extensively in-
vestigated. EGCG has been found to be endowed 
with anti-inflammatory, antioxidative, anti-in-
fective, and neuroprotective properties.10 Fur-
thermore, it shows a chemosensitizing effect on 
a wide range of malignancies by inhibiting tumor 

TABLE Biological activity associated with flavonoids contained in green tea, fruit juice, beer, chocolate, coffee, and 
red wine

Beverage Molecules Biological effects References

green tea epigallocatechin-3-gallate anti-inflammatory 8,15

cardioprotection 8

antiproliferative/proapoptotic 11,12,13

antiangiogenic 14

fruit juice triterpenoids anti-inflammatory/antioxidant 21, 22, 26

antiangiogenic 19, 20

antiproliferative/proapoptotic 23, 24, 25

red wine resveratrol cardioprotection 57

anti-inflammatory/antioxidant 49, 50

antiproliferative/proapoptotic 41, 42, 44, 45

antiangiogenic 51, 52

beer xanthohumol anti-inflammatory/antioxidant 64, 74

antiangiogenic 73

antiproliferative/proapoptotic 68, 69, 71

antiestrogenic 65, 66, 67

chocolate procyanidins anti-inflammatory/antioxidant 81, 83

antiangiogenic 87

antiproliferative/proapoptotic 84, 85, 86

coffee caffeine antiproliferative/proapoptotic 90, 91, 92
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several crucial intracellular signaling pathways.18 
In addition, EGCG exerts indirect effects on epi-
dermal growth factor receptors (EGFRs), STATs, 
and activator protein 1.

In a recent study, EGCG has been used in com-
bination with arctigenin and curcumin on pros-
tate and breast cancer cells, resulting in a strong 
effect on cell cycle arrest and apoptosis associ-
ated with an increase in the ratio of Bax to Bcl-
2 proteins, a decrease of NF-κB, PI3K/Akt, and 
STAT3 pathway activation.

Fruit juice and triterpenoids Fruit consumption is a 
key feature of the Mediterranean diet as support-
ed by the food pyramid, in consideration of their 
high content of vitamins, mineral salts, antioxi-
dant, phytochemicals, and water. Fruit juice rep-
resents a rapid solution for immediate fruit con-
sumption and is commercially available. Triter-
penoids are one of the most representative com-
pounds in the groups of naturally-derived mole-
cules. They can be found in vegetables and fruits 
such as bearberry, coffee, aniseed, olives, apples, 
blueberry, asian pear, bell pepper, eggplant, grape-
fruit, sweet cherry, cranberry, grapes, tomatoes, 
oranges, and mandarins. Triterpenoids have been 
studied for their promising activities since 1988 
and these include a wide range of biological ef-
fects like antiviral, antifungal, anti-inflammato-
ry, and antitumor activity. Among triterpenoids, 
oleanolic acid represents one of the most promis-
ing and widely studied categories, for its antitu-
mor, protective (heart, liver, stomach), and anti-
diabetic properties. This leads to the production 
of synthetic analogues of oleanolic acid, where 
the introduction of chemical modifications sig-
nificantly increased activity. Some of the most 
studied triterpenoids are represented by CDDO 
(2-cyano-3, 12-dioxooleana-1,9(11)-dien-28-oic 
acid) as well as its C28 methyl ester (CDDO-Me) 
and C28 imidazole (CDDO-Im) variants.

The antiangiogenic and angiopreventive po-
tential of triterpenoids has been previously stud-
ied by our group.19,20 Two other groups also dem-
onstrated that triterpenoids mediated their pro-
apoptotic and anti-inflammatory effects through 
NF-κB pathway inhibition.21,22 Several studies 
have speculated on the promising use of trit-
erpenoids to inhibit colorectal cancer,23 pros-
tate cancer,24 and lung cancer growth.25 Choi et 
al.26 demonstrated that CDDO derivatives exert 
anti-inflammatory effects in colorectal cancer by 
downregulating cyclooxygenase 2 and upregu-
lating 15-hydroxyprostaglandin dehydrogenase. 
Liu et al.27 demonstrated its anti-inflammatory 
effects in ischemia-reperfusion injury through 
the activation of Nfr2 signaling. It has also been 
reported that CDDO-Me reduced both inflam-
matory and fibrotic cytokine expression (tumor 
growth factor β and interleukin [IL] 6) and ear-
ly upregulation of fibrotic gene expression in the 
lung (α smooth muscle actin, fibronectin, and col-
lagen type 1).28 The antitumor efficacy of several 

FIGuRE 1 Phytochemicals in beverages: green tea (epigallcatechin), fruit juice (triter-
penoids), red wine (resveratrol), beer (xanthohumol), hot chocolate (procyanidins), and 
coffee (caffeine).
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due mainly to a high consumption of fiber, fish, 
fruits, and vegetables; furthermore, more recent 
research has focused on olives and extra virgin 
olive oil. The potential role of polyphenols pres-
ent in these foods is extremely important. It has 
been determined that olives contain up to 16 g/kg 
of phenols typified by acteosides, hydroxytyro-
sol, tyrosol, and phenyl propionic acids. Extra 

triterpenoids is currently being evaluated in phase 
I/II clinical trials.

olive oil as beverage supplement Recent epide-
miological studies have demonstrated that the 
Mediterranean diet correlates with a lower inci-
dence of cancer and cardiovascular disease, sug-
gesting that the health-conferring benefits are 

FIGuRE 2 Cellular and molecular mechanisms involved in flavonoid-associated (resveratrol and xanthohumol), chemopreventive and angiopreventive 
activities 
Abbreviations: ABCG2 – ATP-binding cassette sub-family G member 2, Atg7 – autophagy-related protein 7, Bcl-2 – B-cell lymphoma 2, BCRP – breast 
cancer resistance protein, Bim – bcl-2-like protein, CYP450 – cytochrome P450, GCLC – glutamate-cysteine ligase, HO – heme oxygenase, IL – 
interleukin, LC3-II – LC3-phosphatidylethanolamine conjugate, MMP-9 – matrix metallopeptidase 9, iNOS – induced nitric oxide synthase, NQO1 – 
NAD(P)H:quinone acceptor oxidoreductase 1, NF-κB – nuclear factor κB, PARP – poly(ADP-ribose) polymerase, PI3K – phosphatidylinositol-3-kinases, 
ROS – reactive oxygen species, TNF-α – tumor necrosis factor α, TRAIL – TNF-related apoptosis-inducing ligand, VE – vascular endothelial, VEGF – 
vascular endothelial growth factor, XIAP – X-linked inhibitor of apoptosis protein
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The anticancer properties of resveratrol were 
first reported in 1997, demonstrating its inhibi-
tory effects on tumor initiation, promotion, and 
progression. Moreover, several studies have in-
vestigated the potential cancer chemopreventive 
properties of resveratrol as well as its therapeu-
tic effects in combination with traditional cancer 
chemotherapy.41 Resveratrol has been shown to 
inhibit the phosphorylation of PI3K/AKT, result-
ing in a decrease of cell proliferation.42 Moreover, 
resveratrol is able to increase the nuclear trans-
location and DNA binding affinity of FoxO tran-
scription factor43 to activate Bim/TRAIL/DR4/
DR5/p27KIP1 and modulate RAS/MAPK, p21,  
and Notch-2 pathways, enhancing cell apoptosis 
and inhibiting migration.44,45 Furthermore, res-
veratrol has been shown to induce extrinsic and 
intrinsic apoptosis pathways and to suppress sur-
vival mediators (Bcl-2, XIAP, and survivin).46,47 
Several studies have also demonstrated the role 
of resveratrol in adhesion molecule downregula-
tion and cell cycle protein modulation, resulting 
in cycle arrest.48

Likewise, resveratrol displayed anti-inflamma-
tory properties inhibiting the expression of IL-6, 
IL-1β, IL-8, and tumor necrosis factor α (TNF-α) 
cytokines and proinflammatory molecules such 
as NF-κB, both decreasing IKBβ phosphorylation 
and activating SIRT1.49 Several studies have also 
suggested that resveratrol exerts antioxidant ac-
tivity through the indirect activation of the Nrf2 
pathway, leading to the transcription of several 
antioxidant defense enzymes (HO-1, NQO1, and 
GCLC).50 In multiple myeloma cells, resveratrol is 
able to inhibit angiogenesis (downregulation of 
VEGF, β-catenin, and vascular endothelial cad-
herin), invasion, and metastasis (downregula-
tion of MMP-9).51,52 Moreover, Fu et al.53 dem-
onstrated that resveratrol inhibited breast can-
cer stem-like cells in vitro and in vivo, in addition 
to inducing the upregulation of LC3-II, Beclin1, 
and Atg7, key mediators of autophagic process via 
suppressing Wnt/β-catenin pathway.53

Recently, since miRNAs have been recognized 
as crucial regulators in diverse biological pro-
cesses, several studies have attempted to eluci-
date whether resveratrol and other natural com-
pounds are able to modulate miRNAs associated 
with carcinogenesis and tumor progression. In 
this context, resveratrol has been shown to in-
duce the upregulation of miR-663, miR-622, and 
miR-774, which inhibit cell proliferation, and to 
stimulate the downregulation of miR-21, miR-25, 
miR-26a, miR-92a-2, miR-103-1 and 2, miR-181a2, 
and miR-141, which are involved in the regula-
tion of cell apoptosis, survival, and invasion.54-56

Since preclinical studies highlighted numerous 
benefits exerted by resveratrol, several phase I/II 
clinical trials have been developed in the last de-
cade. In this context, resveratrol has been shown 
to offer cardioprotective benefits through the im-
provement of inflammatory markers, atherogen-
ic profile, glucose metabolism, and endothelial 
function.57 Although these are promising results, 

virgin olive oil contains smaller amounts of hy-
droxytyrosol and tyrosol, but also contains large 
amounts of secoiridoids and lignans. Both foods 
contain substantial amounts of other compounds 
deemed to be anticancer agents, such as squalene 
and terpenoids.

Because of the high importance of these mol-
ecules as chemopreventive agents, several stud-
ies have focused on the anticancer and health- 
-benefit effects of olive and its derivatives. The 
liquid effluent of the olive oil process, referred to 
as olive mill wastewater (OMWW), is a byprod-
uct of extra virgin olive oil production that comes 
from the vegetation water and the soft tissues of 
the olive fruits in addition to the water used in oil 
production. This product contains high amounts 
of polyphenols, even greater than the olive and 
oil (up to 24 g/l).

The presence of these important molecules led 
several laboratories to focus studies on the use 
of OMWW as a dietary supplement or functional 
ingredient in food product formulations. Indeed, 
phenolic-rich extracts of OMWW present hypo-
cholesterolemic and hypoglycemic effects.29-31 
OMWW has antioxidant and anti-inflammatory 
potential,32, 33 in addition to chemopreventive and 
cell-protective effects.34,35 Several studies have fo-
cused on the safety of the high concentrations of 
polyphenols and established that these molecules 
do not exert toxic36 or genotoxic37 effects in vitro 
or in animal models.

Servili et al.38 functionalized milk beverage 
with phenol extract from OMWW, like 3,4-DH-
PEA, 3,4-DHPEA-EDA and verbascoside. A num-
ber of studies tried to implement fruit juice with 
derivatives of OMWW, but many other studies are 
necessary to evaluate the real potential of these 
functionalized juices. Furthermore, several stud-
ies are necessary to find out the way to stabilize 
the molecules in these foods.

Red wine and resveratrol The healthful and nu-
tritional properties of wine have been historical-
ly recognized for thousands of years and the ev-
idence concerning beneficial effects of polyphe-
nols in red wine has been first reported in 1410 
AD. Moreover, in 1819, the physician Samuel Black 
observed that the French population shows a rel-
atively low incidence of coronary heart disease, 
despite a relatively high dietary intake of satu-
rated fatty acids (French paradox).39

Resveratrol (3,5,4’-trihydroxystilbene), a phy-
toalexin produced in the skin and seeds of sev-
eral plants, including grapes, berries, grains, tea,  
and peanuts, is one of the major components in 
wine.40 Its concentration depends on the grape 
cultivar and geographic condition and is estimat-
ed between 0.2 to 5.8 mg/l in red wine and ap-
proximately 0.68 mg/l in white wine. Resveratrol 
has been reported to exert diverse health benefits 
throughout several biological mechanisms asso-
ciated with chemopreventive properties that in-
clude antioxidant, anti-inflammatory, cardio-pro-
tective, and antitumor activity.
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prevents intravasation and metastasis, suppress-
ing epithelial-to-mesenchymal transition and the 
expression of cell mobility-associated markers. In-
vitro studies have also demonstrated that XN ex-
erts inhibitory effects on migration and invasion 
in breast cancer, acting on MMP-9 expression.75

A recent study has also showed that XN has in-
hibitory effects on breast cancer resistant protein 
(BCRP/ABCG2), an efflux transporter crucial for 
multidrug resistance.76 In-vivo studies confirmed 
that XN shows preventive activities on preneo-
plastic lesion development in mouse mamma-
ry gland organ culture and interferes with carci-
nogenesis in the H4IIE rat hepatoma cell line.67 
Moreover, a toxicity study showed that mice re-
ceiving an XN-supplemented diet showed no signs 
of toxicity on a histopathological examination 
and biochemical serum analysis as compared with 
mice on a standard diet.77 Taken together, XN 
may be considered as a promising phytochemi-
cal in the field of chemoprevention.

Chocolate The origin of chocolate dates back 
more than 3000 years ago, when it was first dis-
covered in the cocoa bean in the Amazon. Cocoa, 
the dried and fermented seeds, derives from Theo-
broma cacao. Traditionally, chocolate has been con-
sidered an unhealthy food due to its carbohydrate 
and fat content. However, recent reports have 
suggested that chocolate consumption is associ-
ated with several health benefits ranging from di-
abetic control and cardioprotection to anticancer 
effects. These protective properties derive from 
cocoa bean polyphenol compounds.78

Cocoa powder is an abundant source of fiber 
(26%–40%), proteins (15%–20%), carbohydrates 
(about 15%), and lipids (10%–24%), and contains 
minerals and vitamins.79 In addition, cocoa is rich 
in flavonoids, including epicatechin, and their di-
mers (procyanidins B2 and B1), have been found to 
be abundantly represented. Flavonoid content in 
cocoa products depends on the crop variety, post-
harvest handling practices, and manufacturer pro-
cessing techniques.80 Fresh and fermented cocoa 
beans contain 10% of flavonols prior to process-
ing, while the cocoa powder, about 3.6%. Further-
more, cocoa-rich dark chocolate contains more fla-
vones compared with milk and white chocolate. 
Given the abundance of these flavonoids, cocoa 
shows potent antioxidant and chemopreventive 
properties. Several data support cocoa anti-in-
flammatory and antiapoptotic effects and scav-
enger activity against oxygen radicals. The scav-
enger activity is exerted by inhibiting glutathi-
one consumption, reactive oxygen species gener-
ation, and increasing γ-glutamylcysteinesynthase 
and glutathione-S-transferase levels.81 Polyphe-
nolic cocoa extracts increase CYP1A1 mRNA ex-
pression, protein levels, and enzymatic activity.82

Cocoa also possesses anti-inflammatory prop-
erties, and polyphenolic extracts have been re-
ported to limit the secretion of monocyte che-
moattractant protein 1, inhibit the inflammato-
ry mediator prostaglandin E2,83 TNF-α, and the 

there are many challenges to overcome in de-
veloping resveratrol as an effective therapeutic 
compound. The major issue concerning resvera-
trol administration is related to its bioavailabil-
ity at tolerable doses: resveratrol is a lipophilic 
agent that is rapidly absorbed and metabolized 
on oral administration, resulting in a short half- 
-life. Several strategies have been developed to in-
crease resveratrol bioavailability, including syn-
ergetic/additive interactions, combining resve-
ratrol administration with other molecules that 
are potentially able to enhance its effects, and de-
veloping resveratrol prodrugs and precursors or 
nanotechnological approaches (resveratrol nano-
formulation) encapsulating resveratrol into lipo-
somes or lipid-core nanocapsules.58

Beer and xanthohumol Beer is a common alcohol-
ic beverage in many cultures. It is rich in nutri-
ent as well as nonnutrient components, including 
carbohydrates, amino acids, minerals, vitamins, 
and phenolic compounds. Xanthohumol (XN), the 
most abundant flavonoid in the hop plant (Humu-
lus lupulus L.), has been found at a concentration 
of up to 0.96 mg/l in beer, and it is used as a pre-
servative and to add bitterness and flavor to the 
drink.59 XN is a prenylated chalcone (3’-[3,3-di-
methyl allyl]-2’,4’,4-trihydroxy-6’-methoxychal-
cone) with several biological properties, including 
anti-human immunodeficiency virus,60 antiobe-
sity, and anti-infective61 activities. Moreover, XN 
shows a potential role in the prevention of bone-
destructive diseases.62 In addition, XN activates 
the farnesoid X receptor63 and impairs glucose and 
lipid metabolism. The anti-inflammatory and an-
tioxidant properties of XN have been extensive-
ly documented.64 Although hop derivatives have 
been reported to possess affinity to human estro-
gen receptors in vitro, XN does not show an in-
trinsic estrogenic potential65 and reduces estro-
gen production through inhibition of aromatase 
activity66; the XN antiestrogenic effect was also 
confirmed in vivo.67

Over the last 15 years, increasing evidence has 
emerged concerning the properties of XN as a 
chemo- and angiopreventive compound. XN has 
been described as a good candidate for chemo- 
and angiopreventive approaches due to its abili-
ty to modulate tumor metabolism exerting both 
cytotoxic and static effects. XN antiproliferative 
activity is exerted by the induction of poly(ADP- 
-ribose) polymerase-mediated apoptosis in ovar-
ian and prostate cancer as well as glioblastoma 
cells.68 In colon cancer cells, XN significantly in-
duces apoptosis by downregulating Bcl-2 and acti-
vating the caspase cascade.69 XN also inhibits cy-
tochrome P-450 CyP enzymes which activate car-
cinogenesis.70 XN has also been shown to be an 
effective antileukemia compound.71,72

The XN antiangiogenic and anti-inflamma-
tory effects are associated with the inhibition 
of Akt/NF-κB signaling pathway.73 Further, XN 
inhibits nitric oxide (NO) production by suppress-
ing inducible NO synthase expression.74 XN also 
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caffeine enhanced the cytotoxic activities of ion-
izing radiation or carboplatin in human leukemic 
cells, decreasing the levels of an apoptosis inhib-
itor, glutathione.94

Conclusions and future perspectives Taken to-
gether, diverse studies suggest that diet signifi-
cantly contributes to prevention and even inter-
vention approaches in oncology. Daily consump-
tion of phytochemicals from mixed food sourc-
es, including beverages, together with balanced 
diet and physical activity, could provide a “nat-
ural” preventive approach to improve individual 
health status, including potential efficient can-
cer prevention with minimal toxicity. In this re-
view, we focused our attention on the more com-
mon beverages that are rich in phytochemicals. 
Other vegetable-derived fluids, for example from 
beets95-97 and cabbage,98-100 also appear to possess 
promising chemopreventive and chemosensitiz-
ing properties.

According to this increasing amount of evi-
dence, the public and private sectors should pay 
more attention to the diet, with educational proj-
ects and product attention. Given the fact that the 
ideal chemopreventive agent does not exist, the 
consumption of several natural and dietary com-
pounds with chemopreventive molecules could 
represent a winning strategy for cancer control.

We like the idea that a glass or a cup of a bev-
erage containing healthy phytochemicals could 
be an easy way to drink our prevention.

Acknowledgements and financial disclosure AB is a 
FIRC (Fondazione Italiana per la Ricerca sul Can-
cro) fellow. TR and BB are students of the PhD 
program in Biotechnology, Biosciences and Sur-
gical Technologies, School in Biological and Med-
ical Sciences, University of Insubria. CG is a stu-
dent of the PhD program in Biotechnologies and 
Biosciences, University of Parma. SC is a predoc-
toral fellow at IRCCS MultiMedica.

We are grateful to Paola Corradino for assis-
tance and bibliography and Alessandra Panvini 
Rosati for secretarial help.

We thank the Fattoria La Vialla di Gianni, An-
tonio e Bandino Lo Franco -SAS for support and 
useful discussion on alimentary products.

REFERENCEs

1 Winkels RM, Heine-Bröring RC, van Zutphen M, et al. The COLON study: 
Colorectal cancer: Longitudinal, Observational study on Nutritional and life-
style factors that may influence colorectal tumour recurrence, survival and 
quality of life. BMC Cancer. 2014; 14: 374.

2 Dasgupta P, Baade PD, Aitken JF, Turrell G. Multilevel determinants of 
breast cancer survival: association with geographic remoteness and area-
level socioeconomic disadvantage. Breast Cancer Res Treat. 2012; 132: 
701-710.

3 Lian M, Schootman M, Doubeni CA, et al. Geographic variation in 
colorectal cancer survival and the role of small-area socioeconomic depri-
vation: a multilevel survival analysis of the NIH-AARP Diet and Health Study 
Cohort. Am J Epidemiol. 2011; 174: 828-838.

4 Baade PD, Turrell G, Aitken JF. A multilevel study of the determinants 
of area-level inequalities in colorectal cancer survival. BMC Cancer. 2010; 
10: 24.

5 Sporn MB, Suh N. Chemoprevention: an essential approach to control-
ling cancer. Nat Rev Cancer. 2002; 2: 537-543.

associated pathways. Cocoa antiproliferative ef-
fects on different cancer cell types are associated 
with a G1/S and G2/M cell cycle arrest. A cocoa- 
-derived pentameric procyanidin inhibits prolif-
eration in human breast cancer cells through site-
specific dephosphorylation or the downregulation 
of several cell cycle regulatory proteins, finally re-
sulting in the G0/G1 cell cycle arrest phase. Sim-
ilar antiproliferative mechanisms have been de-
scribed in human colon cancer cell84 and in Kras- 
-activated pancreatic ductal adenocarcinoma.85 
Cocoa procyanidin induces mitochondria-depen-
dent apoptosis and decreases the expression of 
NF-κB-regulated antiapoptotic proteins such as 
Bcl-x L, Bcl-2.86 Cocoa polyphenols may also in-
fluence endothelial cell growth, thus affecting 
angiogenesis in vitro.87 Finally, a recent in-vivo 
study has revealed cocoa polyphenol properties in 
chemoprevention of carcinogenesis with a signifi-
cant reduction in the risk of cancer development.

Coffee Along with tea, coffee is the most com-
mon hot drink in many cultures. Given the wide-
spread consumption of coffee, increasing atten-
tion has been given to its possible effects on the 
development and progression of diverse chron-
ic diseases including cancer. Caffeine (1, 3, 7-tri-
methylxanthine), a purine alkaloid contained in 
the seeds of the coffee plant, represents the most 
abundant component in coffee, and its poten-
tial effects on health still represents a contro-
versial issue.

Caffeine has been extensively investigated for 
its neuroactive properties and for its ability to 
affect adenosine receptors. In addition, several 
studies have reported the caffeine effects on cell 
proliferation and cell cycle progression. Okano 
et al.88 demonstrated that caffeine was able to in-
hibit proliferation in liver cancer cells and to af-
fect MEK/ERK/EGFR signaling pathways. More-
over, high concentrations of caffeine (5–10 mM) 
alone or in combination with ionizing radiation 
have been reported to induce apoptosis and p53- 
-independent G1 phase arrest in human A549 
lung adenocarcinoma cells through the inhibition 
of CDK2 activity, the suppression of CDC2 phos-
phorylation, and interfering with 14-3-3 binding 
to CDC25C.89 Furthermore, caffeine increased 
apoptosis and mitochondrial damage in human 
leukemia cells and enhanced caspase-8 activity 
and DNA fragmentation.90,91

Lower concentrations (0.25–1 mM) of caffeine 
have been reported to induce G0/G1 cell cycle 
arrest without promoting apoptosis. Hashimo-
to et al.92 demonstrated that caffeine was able 
to inhibit the activation of the cyclin D1–CDK4 
complex in a dose-dependent manner and to sup-
press the phosphorylation of Rb protein. In ad-
dition, caffeine has been shown to decrease the 
phosphorylation of AKT and its substrate GSK-3β 
and to directly inhibit PI3K activity.92,93 Further-
more, caffeine has been reported to significantly 
potentiate the effect of chemotherapy with con-
ventional antineoplastic drugs. Among these, 



POLSKIE ARCHIWUM MEDYCYNY WEWNĘTRZNEJ 2014; 124 (12)720

33 Impellizzeri D, Esposito E, Mazzon E, et al. The effects of oleuropein 
aglycone, an olive oil compound, in a mouse model of carrageenan-induced 
pleurisy. Clin Nutr. 2011; 30: 533-540.

34 Fabiani R, De Bartolomeo A, Rosignoli P, et al. Cancer chemopreven-
tion by hydroxytyrosol isolated from virgin olive oil through G1 cell cycle ar-
rest and apoptosis. Eur J Cancer Prev. 2002; 11: 351-358.

35 Ragione FD, Cucciolla V, Borriello A, et al. Hydroxytyrosol, a natural 
molecule occurring in olive oil, induces cytochrome c-dependent apoptosis. 
Biochem Biophys Res Commun. 2000; 278: 733-739.

36 Auñon-Calles D, Canut L, Visioli F. Toxicological evaluation of pure hy-
droxytyrosol. Food Chem Toxicol. 2013; 55: 498-504.

37 Auñon-Calles D, Giordano E, Bohnenberger S, Visioli F. Hydroxytyrosol 
is not genotoxic in vitro. Pharmacol Res. 2013; 74: 87-93.

38 Servili M, Rizzello CG, Taticchi A, et al. Functional milk beverage for-
tified with phenolic compounds extracted from olive vegetation water, and 
fermented with functional lactic acid bacteria. Int J Food Microbiol. 2011; 
147: 45-52.

39 Richard JL, Cambien F, Ducimetiere P. [Epidemiologic characteristics 
of coronary disease in France]. Nouv Presse Med. 1981; 10: 1111-1114. 
French.

40 Prasad K. Resveratrol, wine, and atherosclerosis. Int J Angiol. 2012; 
21: 7-18.

41 Liu BL, Zhang X, Zhang W, Zhen HN. New enlightenment of French 
Paradox: resveratrol’s potential for cancer chemoprevention and anti-cancer 
therapy. Cancer Biol Ther. 2007; 6: 1833-1836.

42 Chen Q, Ganapathy S, Singh KP, et al. Resveratrol induces growth ar-
rest and apoptosis through activation of FOXO transcription factors in pros-
tate cancer cells. PLoS One. 2010; 5: e15288.

43 Srivastava RK, Unterman TG, Shankar S. FOXO transcription factors 
and VEGF neutralizing antibody enhance antiangiogenic effects of resvera-
trol. Mol Cell Biochem. 2010; 337: 201-212.

44 Oi N, Yuan J, Malakhova M, et al. Resveratrol induces apoptosis by di-
rectly targeting Ras-GTPase-activating protein SH3 domain-binding protein 
1. Oncogene. 2014.

45 Zhang P, Li H, Yang B, et al. Biological significance and therapeutic im-
plication of resveratrol-inhibited Wnt, Notch and STAT3 signaling in cervical 
cancer cells. Genes Cancer. 2014; 5: 154-164.

46 Jiang H, Zhang L, Kuo J, et al. Resveratrol-induced apoptotic death in 
human U251 glioma cells. Mol Cancer Ther. 2005; 4: 554-561.

47 Jazirehi AR, Bonavida B. Resveratrol modifies the expression of apop-
totic regulatory proteins and sensitizes non-Hodgkin’s lymphoma and mul-
tiple myeloma cell lines to paclitaxel-induced apoptosis. Mol Cancer Ther. 
2004; 3: 71-84.

48 Liu B, Zhou Z, Zhou W, et al. Resveratrol inhibits proliferation in hu-
man colorectal carcinoma cells by inducing G1/Sphase cell cycle arrest and 
apoptosis through caspase/cyclinCDK pathways. Mol Med Rep. 2014; 10: 
1697-1702.

49 Estrov Z, Shishodia S, Faderl S, et al. Resveratrol blocks interleukin-
1beta-induced activation of the nuclear transcription factor NF-kappaB, in-
hibits proliferation, causes S-phase arrest, and induces apoptosis of acute 
myeloid leukemia cells. Blood. 2003; 102: 987-995.

50 Bishayee A, Barnes KF, Bhatia D, et al. Resveratrol suppresses oxida-
tive stress and inflammatory response in diethylnitrosamine-initiated rat he-
patocarcinogenesis. Cancer Prev Res (Phila). 2010; 3: 753-763.

51 Lin MT, Yen ML, Lin CY, Kuo ML. Inhibition of vascular endothelial 
growth factor-induced angiogenesis by resveratrol through interruption of 
Src-dependent vascular endothelial cadherin tyrosine phosphorylation. Mol 
Pharmacol. 2003; 64: 1029-1036.

52 Yu H, Pan C, Zhao S, et al. Resveratrol inhibits tumor necrosis factor-al-
pha-mediated matrix metalloproteinase-9 expression and invasion of human 
hepatocellular carcinoma cells. Biomed Pharmacother. 2008; 62: 366-372.

53 Fu Y, Chang H, Peng X, et al. Resveratrol inhibits breast cancer stem-
like cells and induces autophagy via suppressing Wnt/beta-catenin signal-
ing pathway. PLoS One. 2014; 9: e102535.

54 Vislovukh A, Kratassiouk G, Porto E, et al. Proto-oncogenic isoform A2 
of eukaryotic translation elongation factor eEF1 is a target of miR-663 and 
miR-744. Br J Cancer. 2013; 108: 2304-2311.

55 Han Z, Yang Q, Liu B, et al. MicroRNA-622 functions as a tumor sup-
pressor by targeting K-Ras and enhancing the anticarcinogenic effect of res-
veratrol. Carcinogenesis. 2012; 33: 131-139.

56 Dhar S, Hicks C, Levenson AS. Resveratrol and prostate cancer: prom-
ising role for microRNAs. Mol Nutr Food Res. 2011; 55: 1219-1229.

57 Tome-Carneiro J, Larrosa M, Gonzalez-Sarrias A, et al. Resveratrol and 
clinical trials: the crossroad from in vitro studies to human evidence. Curr 
Pharm Des. 2013; 19: 6064-6093.

58 Smoliga JM, Blanchard O. Enhancing the Delivery of Resveratrol in Hu-
mans: If Low Bioavailability is the Problem, What is the Solution? Molecules. 
2014; 19: 17154-17172.

59 Stevens JF, Taylor AW, Deinzer ML. Quantitative analysis of xanthohu-
mol and related prenylflavonoids in hops and beer by liquid chromatography-
tandem mass spectrometry. J Chromatogr A. 1999; 832: 97-107.

6 Kelloff GJ, Boone CW, Crowell JA, et al. Chemopreventive drug develop-
ment: perspectives and progress. Cancer Epidemiol Biomarkers Prev. 1994; 
3: 85-98.

7 Sporn MB, Newton DL. Chemoprevention of cancer with retinoids. Fed 
Proc. 1979; 38: 2528-2534.

8 Middleton E, Kandaswami C, Theoharides TC. The effects of plant flavo-
noids on mammalian cells: implications for inflammation, heart disease, and 
cancer. Pharmacol Rev. 2000; 52: 673-751.

9 Schramm L. Going green: the role of the green tea component EGCG in 
chemoprevention. J Carcinog Mutagen. 2013; 4: 1000142.

10 Menard C, Bastianetto S, Quirion R. Neuroprotective effects of resvera-
trol and epigallocatechin gallate polyphenols are mediated by the activation 
of protein kinase C gamma. Front Cell Neurosci. 2013; 7: 281.

11 Fujiki H, Suganuma M, Imai K, Nakachi K. Green tea: cancer preventive 
beverage and/or drug. Cancer Lett. 2002; 188: 9-13.

12 Du GJ, Zhang Z, Wen XD, et al. Epigallocatechin Gallate (EGCG) is the 
most effective cancer chemopreventive polyphenol in green tea. Nutrients. 
2012; 4: 1679-1691.

13 Fassina G, Vene R, Morini M, et al. Mechanisms of inhibition of tumor 
angiogenesis and vascular tumor growth by epigallocatechin-3-gallate. Clin 
Cancer Res. 2004; 10: 4865-4873.

14 Leong H, Mathur PS, Greene GL. Green tea catechins inhibit angio-
genesis through suppression of STAT3 activation. Breast Cancer Res Treat. 
2009; 117: 505-515.

15 Mineva ND, Paulson KE, Naber SP, et al. Epigallocatechin-3-gallate 
inhibits stem-like inflammatory breast cancer cells. PLoS One. 2013; 8: 
e73464.

16 Masuda M, Suzui M, Lim JT, Weinstein IB. Epigallocatechin-3-gallate 
inhibits activation of HER-2/neu and downstream signaling pathways in hu-
man head and neck and breast carcinoma cells. Clin Cancer Res. 2003; 9: 
3486-3491.

17 Sah JF, Balasubramanian S, Eckert RL, Rorke EA. Epigallocatechin-
3-gallate inhibits epidermal growth factor receptor signaling pathway. Ev-
idence for direct inhibition of ERK1/2 and AKT kinases. J Biol Chem. 2004; 
279: 12755-12762.

18 Kumazoe M, Sugihara K, Tsukamoto S, et al. 67-kDa laminin receptor 
increases cGMP to induce cancer-selective apoptosis. J Clin Invest. 2013; 
123: 787-799.

19 Sogno I, Vannini N, Lorusso G, et al. Anti-angiogenic activity of a nov-
el class of chemopreventive compounds: oleanic acid terpenoids. Recent 
Results Cancer Res. 2009; 181: 209-212.

20 Vannini N, Lorusso G, Cammarota R, et al. The synthetic oleanane trit-
erpenoid, CDDO-methyl ester, is a potent antiangiogenic agent. Mol Cancer 
Ther. 2007; 6: 3139-3146.

21 Yore MM, Liby KT, Honda T, et al. The synthetic triterpenoid 1-2-cya -
no-3,12-dioxooleana-1,9(11)-dien-28-oylimidazole blocks nuclear fac-
tor-kappaB activation through direct inhibition of IkappaB kinase beta. Mol 
Cancer Ther. 2006; 5: 3232-3239.

22 Ahmad R, Raina D, Meyer C, et al. Triterpenoid CDDO-Me blocks the 
NF-kappaB pathway by direct inhibition of IKKbeta on Cys-179. J Biol Chem. 
2006; 281: 35764-35769.

23 Wang J, Liu L, Qiu H, et al. Ursolic acid simultaneously targets multiple 
signaling pathways to suppress proliferation and induce apoptosis in colon 
cancer cells. PLoS One. 2013; 8: e63872.

24 Venè R, Larghero P, Arena G, et al. Glycogen synthase kinase 3beta 
regulates cell death induced by synthetic triterpenoids. Cancer Res. 2008; 
68: 6987-6996.

25 Liby K, Voong N, Williams CR, et al. The synthetic triterpenoid CDDO-
Imidazolide suppresses STAT phosphorylation and induces apoptosis in my-
eloma and lung cancer cells. Clin Cancer Res. 2006; 12: 4288-4293.

26 Choi SH, Kim BG, Robinson J, et al. Synthetic triterpenoid induces 
15-PGDH expression and suppresses inflammation-driven colon carcinogen-
esis. J Clin Invest. 2014; 124: 2472-2482.

27 Liu M, Reddy NM, Higbee EM, et al. The Nrf2 triterpenoid activator, 
CDDO-imidazolide, protects kidneys from ischemia-reperfusion injury in 
mice. Kidney international. 2014; 85: 134-141.

28 Kulkarni AA, Thatcher TH, Hsiao HM, et al. The triterpenoid CDDO-Me 
inhibits bleomycin-induced lung inflammation and fibrosis. PLoS One. 2013; 
8: e63798.

29 Fki I, Bouaziz M, Sahnoun Z, Sayadi S. Hypocholesterolemic effects of 
phenolic-rich extracts of Chemlali olive cultivar in rats fed a cholesterol-rich 
diet. Bioorg Med Chem. 2005; 13: 5362-5370.

30 Park S, Choi Y, Um SJ, et al. Oleuropein attenuates hepatic steatosis in-
duced by high-fat diet in mice. J Hepatol. 2011; 54: 984-993.

31 Giordano E, Dávalos A, Visioli F. Chronic hydroxytyrosol feeding mod-
ulates glutathione-mediated oxido-reduction pathways in adipose tissue: 
a nutrigenomic study. Nutr Metab Cardiovasc Dis. 2014; 24: 1144-1150.

32 Zhu L, Liu Z, Feng Z, et al. Hydroxytyrosol protects against oxidative 
damage by simultaneous activation of mitochondrial biogenesis and phase 
II detoxifying enzyme systems in retinal pigment epithelial cells. J Nutr 
Biochem. 2010; 21: 1089-1098.



REVIEW ARTICLE Drink your prevention: beverages with cancer preventive phytochemicals 721

independently of the presence of IkappaB mutations. Biochem Pharmacol. 
2008; 75: 1461-1471.

87 Kenny TP, Keen CL, Jones P, Kung HJ, et al. Cocoa procyanidins inhib-
it proliferation and angiogenic signals in human dermal microvascular en-
dothelial cells following stimulation by low-level H2O2. Exp Biol Med (May-
wood). 2004; 229: 765-771.

88 Okano J, Nagahara T, Matsumoto K, Murawaki Y. Caffeine inhibits the 
proliferation of liver cancer cells and activates the MEK/ERK/EGFR signalling 
pathway. Basic Clin Pharmacol Toxicol. 2008; 102: 543-551.

89 Qi W, Qiao D, Martinez JD. Caffeine induces TP53-independent G(1)-
phase arrest and apoptosis in human lung tumor cells in a dose-dependent 
manner. Radiat Res. 2002; 157: 166-174.

90 Dai Y, Yu C, Singh V, et al. Pharmacological inhibitors of the mitogen-ac-
tivated protein kinase (MAPK) kinase/MAPK cascade interact synergistical-
ly with UCN-01 to induce mitochondrial dysfunction and apoptosis in human 
leukemia cells. Cancer Res. 2001; 61: 5106-5115.

91 Bode AM, Dong Z. The enigmatic effects of caffeine in cell cycle and 
cancer. Cancer Lett. 2007; 247: 26-39.

92 Hashimoto T, He Z, Ma WY, et al. Caffeine inhibits cell proliferation by 
G0/G1 phase arrest in JB6 cells. Cancer Res. 2004; 64: 3344-3349.

93 Foukas LC, Daniele N, Ktori C, et al. Direct effects of caffeine and the-
ophylline on p110 delta and other phosphoinositide 3-kinases. Differential ef-
fects on lipid kinase and protein kinase activities. J Biol Chem. 2002; 277: 
37124-37130.

94 Efferth T, Fabry U, Glatte P, Osieka R. Expression of apoptosis-related 
oncoproteins and modulation of apoptosis by caffeine in human leukemic 
cells. J Cancer Res Clin Oncol. 1995; 121: 648-656.

95 Krajka-Kuzniak V, Paluszczak J, Szaefer H, Baer-Dubowska W. Betanin, 
a beetroot component, induces nuclear factor erythroid-2-related factor 
2-mediated expression of detoxifying/antioxidant enzymes in human liver 
cell lines. Br J Nutr. 2013; 110: 2138-2149.

96 Szaefer H, Krajka-Kuzniak V, Ignatowicz E, et al. Evaluation of the effect 
of beetroot juice on DMBA-induced damage in liver and mammary gland of 
female Sprague-Dawley rats. Phytother Res. 2014; 28: 55-61.

97 Zielinska-Przyjemska M, Olejnik A, Kostrzewa A, Luczak M, et al. The 
beetroot component betanin modulates ROS production, DNA damage and 
apoptosis in human polymorphonuclear neutrophils. Phytother Res. 2012; 
26: 845-852.

98 Licznerska BE, Szaefer H, Murias M, et al. Modulation of CYP19 ex-
pression by cabbage juices and their active components: indole-3-carbinol 
and 3,3’-diindolylmethene in human breast epithelial cell lines. Eur J Nutr. 
2013; 52: 1483-1492.

99 Szaefer H, Licznerska B, Krajka-Kuzniak V, et al. Modulation of CYP1A1, 
CYP1A2 and CYP1B1 expression by cabbage juices and indoles in human 
breast cell lines. Nutr Cancer. 2012; 64: 879-888.

100 Smiechowska A, Bartoszek A, Namiesnik J. [Cancer chemopreven-
tive agents: glucosinolates and their decomposition products in white cab-
bage (Brassica oleracea var. capitata)]. Postepy Hig Med Dosw (Online). 
2008; 62: 125-140. Polish.

60 Wang Q, Ding ZH, Liu JK, Zheng YT. Xanthohumol, a novel anti-HIV-1 
agent purified from Hops Humulus lupulus. Antiviral Res. 2004; 64: 189-194.

61 Gerhäuser C. Broad spectrum anti-infective potential of xanthohumol 
from hop (Humulus lupulus L.) in comparison with activities of other hop 
constituents and xanthohumol metabolites. Mol Nutr Food Res. 2005; 49: 
827-831.

62 Suh KS, Rhee SY, Kim YS, et al. Xanthohumol modulates the expression 
of osteoclast-specific genes during osteoclastogenesis in RAW264.7 cells. 
Food Chem Toxicol. 2013; 62: 99-106.

63 Nozawa H. Xanthohumol, the chalcone from beer hops (Humulus lupu-
lus L.), is the ligand for farnesoid X receptor and ameliorates lipid and glu-
cose metabolism in KK-A(y) mice. Biochem Biophys Res Commun. 2005; 
336: 754-761.

64 Liu Y, Gao X, Deeb D, et al. Anticancer agent xanthohumol inhibits IL-2 
induced signaling pathways involved in T cell proliferation. J Exp Ther On-
col. 2012; 10: 1-8.

65 Milligan SR, Kalita JC, Pocock V, et al. The endocrine activities of 8-pre-
nylnaringenin and related hop (Humulus lupulus L.) flavonoids. J Clin Endo-
crinol Metab. 2000; 85: 4912-4915.

66 Monteiro R, Faria A, Azevedo I, Calhau C. Modulation of breast cancer 
cell survival by aromatase inhibiting hop (Humulus lupulus L.) flavonoids. 
J Steroid Biochem Mol Biol. 2007; 105: 124-130.

67 Gerhauser C, Alt A, Heiss E, et al. Cancer chemopreventive activity of 
Xanthohumol, a natural product derived from hop. Mol Cancer Ther. 2002; 
1: 959-969.

68 Drenzek JG, Seiler NL, Jaskula-Sztul R, et al. Xanthohumol decreas-
es Notch1 expression and cell growth by cell cycle arrest and induction of 
apoptosis in epithelial ovarian cancer cell lines. Gynecol Oncol. 2011; 122: 
396-401.

69 Pan L, Becker H, Gerhäuser C. Xanthohumol induces apoptosis in cul-
tured 40-16 human colon cancer cells by activation of the death receptor- 
and mitochondrial pathway. Mol Nutr Food Res. 2005; 49: 837-843.

70 Henderson MC, Miranda CL, Stevens JF, et al. In vitro inhibition of hu-
man P450 enzymes by prenylated flavonoids from hops, Humulus lupulus. 
Xenobiotica. 2000; 30: 235-251.

71 Lust S, Vanhoecke B, Janssens A, et al. Xanthohumol kills B-chron-
ic lymphocytic leukemia cells by an apoptotic mechanism. Mol Nutr Food 
Res. 2005; 49: 844-850.

72 Monteghirfo S, Tosetti F, Ambrosini C, et al. Antileukemia effects of 
xanthohumol in Bcr/Abl-transformed cells involve nuclear factor-kappaB and 
p53 modulation. Mol Cancer Ther. 2008; 7: 2692-2702.

73 Dell’Eva R, Ambrosini C, Vannini N, et al. AKT/NF-kappaB inhibitor xan-
thohumol targets cell growth and angiogenesis in hematologic malignancies. 
Cancer. 2007; 110: 2007-2011.

74 Zhao F, Nozawa H, Daikonnya A, et al. Inhibitors of nitric oxide pro-
duction from hops (Humulus lupulus L.). Biol Pharm Bull. 2003; 26: 61-65.

75 Kim SY, Lee IS, Moon A. 2-Hydroxychalcone and xanthohumol inhib-
it invasion of triple negative breast cancer cells. Chem Biol Interact. 2013; 
203: 565-572.

76 Tan KW, Cooney J, Jensen D, et al. Hop-derived prenylflavonoids are 
substrates and inhibitors of the efflux transporter breast cancer resistance 
protein (BCRP/ABCG2). Mol Nutr Food Res. 2014.

77 van Breemen RB, Yuan Y, Banuvar S, et al. Pharmacokinetics of prenyl-
ated hop phenols in women following oral administration of a standardized 
extract of hops. Mol Nutr Food Res. 2014; 58: 1962-1969.

78 De Araujo QR, Gattward JN, Almoosawi S, et al. Cacao and Human 
Health: from Head to Foot - A Review. Crit Rev Food Sci Nutr. 2013 Aug 24. 
[Epub ahead of print].

79 Ramiro-Puig E, Castell M. Cocoa: antioxidant and immunomodulator. Br 
J Nutr. 2009; 101: 931-940.

80 Sánchez-Rabaneda F, Jáuregui O, Casals I, et al. Liquid chromatograph-
ic/electrospray ionization tandem mass spectrometric study of the pheno-
lic composition of cocoa (Theobroma cacao). J Mass Spectrom. 2003; 38: 
35-42.

81 Rodríguez-Ramiro I, Ramos S, López-Oliva E, et al. Cocoa-rich diet pre-
vents azoxymethane-induced colonic preneoplastic lesions in rats by re-
straining oxidative stress and cell proliferation and inducing apoptosis. Mol 
Nutr Food Res. 2011; 55: 1895-1899.

82 Oleaga C, García M, Solé A, et al. CYP1A1 is overexpressed upon incu-
bation of breast cancer cells with a polyphenolic cocoa extract. Eur J Nutr. 
2012; 51: 465-476.

83 Romier-Crouzet B, Van De Walle J, During A, et al. Inhibition of inflam-
matory mediators by polyphenolic plant extracts in human intestinal Caco-2 
cells. Food Chem Toxicol. 2009; 47: 1221-1230.

84 Carnésecchi S, Schneider Y, Lazarus SA, et al. Flavanols and procyani-
dins of cocoa and chocolate inhibit growth and polyamine biosynthesis of 
human colonic cancer cells. Cancer Lett. 2002; 175: 147-155.

85 Siddique HR, Liao DJ, Mishra SK, et al. Epicatechin-rich cocoa polyphe-
nol inhibits Kras-activated pancreatic ductal carcinoma cell growth in vitro 
and in a mouse model. Int J Cancer. 2012; 131: 1720-1731.

86 Mackenzie GG, Adamo AM, Decker NP, Oteiza PI. Dimeric procyani-
din B2 inhibits constitutively active NF-kappaB in Hodgkin’s lymphoma cells 



POLSKIE ARCHIWUM MEDYCYNY WEWNĘTRZNEJ 2014; 124 (12)722

Adres do korespondencji:
Dr Adriana Albini, Director, Research 
and Statistics Infrastructure, 
IRCCS “Tecnologie Avanzate e 
Modelli Assistenziali in Oncologia”, 
Arcispedale S. Maria Nuova, Viale 
Umberto I, 50 - 42123 Reggio Emilia, 
Włochy, tel.: +39-0522-295645, 
fax: +39-0522-295561, 
e-mail: albini.adriana@asmn.re.it
Praca wpłynęła: 25.11.2014.
Revision accepted: 30.11.2014.
Published online: 05.12.2014.
Nie zgłoszono sprzeczności 
interesów.
Pol Arch Med Wewn. 2014; 
124 (12): 713-722 
Tłumaczył lek. Łukasz Strzeszyński
Copyright by Medycyna Praktyczna, 
Kraków 2014

Słowa kluczowe

napoje, prewencja 
nowotworów, 
substancje 
fitochemiczne

StreSzczenie

Pewne nawyki żywieniowe, takie jak duże spożycie warzyw, owoców, produktów zbożowych oraz oliwy 
z oliwek, charakterystyczne dla diety śródziemnomorskiej, wiążą się ze zmniejszeniem ryzyka chorób 
sercowo-naczyniowych, cukrzycy typu 2, chorób neurodegeneracyjnych oraz niektórych nowotworów 
złośliwych. Wiele napojów zawiera różnorodne naturalne składniki, tzw. fitochemiczne, które mają stwier-
dzone właściwości przeciwnowotworowe, antyangiogenne i antyoksydacyjne. W niniejszym przeglądzie 
omawiamy właściwości chemioprewencyjne i angioprewencyjne wybranych substancji fitochemicznych 
obecnych w popularnych napojach: epigallokatechiny (w zielonej herbacie), triterpenoidów (w sokach 
owoców cytrusowych), resweratrolu (w czerwonym winie), procyjanidyny (w czekoladzie) i kofeiny 
(w kawie), skupiając się na mechanizmach molekularnych stanowiących „gotowe do spożycia” strategie 
prewencji.
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