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Abstract: Beneficial effects of natural plant polyphenols on the human body have been evaluated in
a number of scientific research projects. Bioactive polyphenols are natural compounds of various
chemical structures. Their sources are mostly fruits, vegetables, nuts and seeds, roots, bark, leaves
of different plants, herbs, whole grain products, processed foods (dark chocolate), as well as
tea, coffee, and red wine. Polyphenols are believed to reduce morbidity and/or slow down the
development of cardiovascular and neurodegenerative diseases as well as cancer. Biological activity
of polyphenols is strongly related to their antioxidant properties. They tend to reduce the pool of
reactive oxygen species as well as to neutralize potentially carcinogenic metabolites. A broad spectrum
of health-promoting properties of plant polyphenols comprises antioxidant, anti-inflammatory,
anti-allergic, anti-atherogenic, anti-thrombotic, and anti-mutagenic effects. Scientific studies present
the ability of polyphenols to modulate the human immune system by affecting the proliferation
of white blood cells, and also the production of cytokines or other factors that participate in the
immunological defense. The aim of the review is to focus on polyphenols of olive oil in context of
their biological activities.
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1. Beneficial Effects of Polyphenols
As the name suggests, polyphenols are natural, synthetic, or semisynthetic organic compounds
with multiple phenolic groups in the structure. It means that polyphenols typically contain one
or more aromatic rings with hydroxyl groups attached to them [1,2]. There is a growing body of
evidence for beneficial roles of natural plant polyphenols in the human body. Natural bioactive
polyphenols are compounds of varied chemical structures. Polyphenols are arguably the largest
group of chemical substances in the plant kingdom. There are more than 8000 different polyphenolic
structures known, including several hundred isolated from edible plants [3,4]. Their sources are, among
others, fruits, vegetables, nuts and seeds, roots, bark, leaves of different plants, herbs, whole grain
products, processed foods, as well as tea, coffee, and red wine. These compounds are characterized
by a broad spectrum of biological activities. The beneficial impact of vegetables, fruits, and herbs
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on human health has been well known for centuries. Today, we understand the reasons for that
as many plant-derived products are rich in nutrients, vitamins, minerals, and very importantly,
bioactive polyphenols. Some vitamins as well as polyphenols present powerful antioxidant and
anti-inflammatory properties that make them natural and efficient anticancer agents to be found in a
well-balanced diet. Unlike vitamins and minerals, polyphenols are not the essential elements of the
primary plant metabolism. Natural polyphenolic compounds are rather products of the secondary
plant metabolism. Anyhow, they do play critical metabolic roles in the human organism [2,5–7].
Polyphenols were determined to reduce morbidity and/or slow down the progression of
cardiovascular, neurodegenerative, and cancer diseases. The mechanism of action of polyphenols
strongly relates to their antioxidant activity. Polyphenols are known to decrease the level of reactive
oxygen species in the human body. Other than that, health-promoting properties of plant polyphenols
comprise anti-inflammatory, anti-allergic, anti-atherogenic, anti-thrombotic, and anti-mutagenic
effects [8]. There is a body of research presenting their ability to modulate the human immune
system by affecting the proliferation and activity of white blood cells, as well as the production of
cytokines or other factors that participate in the immunological defense [9].
A daily intake of polyphenols ranges from 0.1 to 1.0 g per day [10] with the main dietary
source being fruits and vegetables, as well as herbs, spices, seasonings, coffee, tea, or wine [11].
The polyphenols of olive oil are especially interesting with respect to their well-established beneficial
effects on human health and metabolism, as well as the popularity of olive oil in many different diets,
and specifically the Mediterranean cuisine. Herein, we mostly focus on the anticancer properties of
polyphenols available from olive oil.
2. Chemical Composition of Olive Oil
The chemical composition of olive oil varies depending on the extraction technology that is
applied in order to obtain oil form the fruits (Figure 1). The process of extraction of olive oil depends
on crushing olives and then separating the oil from the fruit pulp under elevated pressure. Additionally,
olive oil can be extruded, post-pressured, re-pressed with or without the use of hot water. The olive oil
obtained from this kind of process is usually characterized by stronger color intensity, weaker aroma,
and a higher content of free fatty acids [12–14].
The oil obtained by chemical extraction can be used for consumption only after refining. A refining
process is meant to purify the extracted oil from any residual solvent and other impurities. Refined olive
oil is devoid of vitamins, polyphenols, phytosterols, and other low molecular natural ingredients [15].
Extra virgin olive oil by its low yield is more expensive than other types of olive oil, but it contains the
highest level of polyphenols [16]. Due to the removal of free fatty acids, extra virgin olive oil has a
delicate flavor, aroma, and light color [14,17–24]. Another interesting feature affecting virgin olive oil
properties is filtration. Unfiltered olive oil preserves additional polyphenols of higher polarity that are
typically lost with small amounts of water that are removed upon filtration.
Due to multiple technological processes, the content of polyphenols may vary in olive oil. Figure 1
represents the level of polyphenols in olive oil dependent on the technological process of olive
oil production.
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Olive oil mostly consists of triacylglycerols (98–99%). Triacylglycerols (TGA) are a diverse group
Olive oil mostly consists of triacylglycerols (98–99%). Triacylglycerols (TGA) are a diverse group
of glycerol esters with different fatty acids. The predominant fatty acid present in olive oil TGAs is
of glycerol esters with different fatty acids. The predominant fatty acid present in olive oil TGAs is
monounsaturated oleic acid (up to 83% w/w). There is also palmitic acid, linoleic acid, stearic acid,
monounsaturated oleic acid (up to 83% w/w). There is also palmitic acid, linoleic acid, stearic acid,
and palmitoleic acid making up the remainder of olive oil TGAs. There is a plethora of lipophilic or
and palmitoleic acid making up the remainder of olive oil TGAs. There is a plethora of lipophilic
amphiphilic microconstituents present in virgin olive oil, among them, phytosterols, squalene,
or amphiphilic microconstituents present in virgin olive oil, among them, phytosterols, squalene,
tocopherols, phenolic compounds, terpenic acid derivatives, etc. [26–28]. Phenolic compounds occur
tocopherols, phenolic compounds, terpenic acid derivatives, etc. [26–28]. Phenolic compounds occur
in the form of: phenolic acids or alcohols, oleuropein derivatives, lignans, and flavonoids. In olive oil,
in the form of: phenolic acids or alcohols, oleuropein derivatives, lignans, and flavonoids. In olive
the content of polyphenols ranges from 50 to 1000 mg/kg. As a matter of fact, it depends on the
oil, the content of polyphenols ranges from 50 to 1000 mg/kg. As a matter of fact, it depends on
agronomic factors, the ripeness of olives, as well as extraction technology, along with storage or
the agronomic factors, the ripeness of olives, as well as extraction technology, along with storage or
packaging processes [29–33].
packaging processes [29–33].
The flesh of healthy olives contains about 2–3% of phenolic substances in the form of glucosides
The flesh of healthy olives contains about 2–3% of phenolic substances in the form of glucosides
and esters. Virgin olive oil contains about 500 mg/L of polyphenols. The quantity and quality of
and esters. Virgin olive oil contains about 500 mg/L of polyphenols. The quantity and quality
polyphenols in olive oil is closely related to the process of olive milling and further processing.
of polyphenols in olive oil is closely related to the process of olive milling and further processing.
Therefore, virgin olive oils have substantially higher amounts of polyphenols than refined olive oils
Therefore, virgin olive oils have substantially higher amounts of polyphenols than refined olive
[30,33]. The phenolic compounds in olive oil are mostly glycides (e.g., oleuropein), alcohols and
oils [30,33]. The phenolic compounds in olive oil are mostly glycides (e.g., oleuropein), alcohols
phenols (tyrosol, hydroxytyrosol), and also flavonoids [26,28,34]. Phenolic compounds are mainly
and phenols (tyrosol, hydroxytyrosol), and also flavonoids [26,28,34]. Phenolic compounds are
responsible for the characteristic gustatory property of virgin olive oil, namely the bitter taste. Some
mainly responsible for the characteristic gustatory property of virgin olive oil, namely the bitter
micro constituents of olive oil are soluble in water, and thus, the content of phenolic compounds that
taste. Some micro constituents of olive oil are soluble in water, and thus, the content of phenolic
are present in olive oil depends to a large extent on the extraction process [29,34–36].
compounds that are present in olive oil depends to a large extent on the extraction process [29,34–36].
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3,4-DHPEA-EA (oleuropein aglycon), p-HPEA-EA (ligstroside aglycon), 3,4-DHPEA-EDA,
p-HPEA-EDA (oleocanthal), and oleuropein [42].
Anticancer properties of olive oil seem to correlate with the antioxidant activity of phenolic and
polyphenolic compounds present therein that are capable of scavenging free radicals and reactive
oxygen species. Oleuropein, tyrosol, hydroxytyrosol, verboscoside, ligustroide, demethyleuropein
were all proven to protect against the coronary artery disease [43–46] or cancer [43,47,48]. They also
display antimicrobial and antiviral effects [43,49–51]. Antioxidant and anti-atherogenic effects
of olive oil polyphenols, like oleuropein and hydroxytyrosol, have been vastly confirmed in the
literature [52,53].
3.1. Health Benefits of Hydroxytyrosol
Hydroxytyrosol (HT) belongs to polyphenols, which are abundant in olives (Olea europea L.) and
consequently in virgin olive oil. Its beneficial properties for human health are strongly related to the
ability of the molecule to scavenge free radicals and reactive oxygen/nitrogen species as well as to
activate endogenous antioxidant systems in the body. Free radical scavenging properties of HT have
been convincingly confirmed in studies on rats with alloxan-induced diabetes mellitus [54].
The studies on the 3T3-L1 adipocyte cell line have shown that HT stimulates mitochondrial
biosynthesis which is reduced in the course of diabetes mellitus. Most likely, HT increases
mitochondrial biosynthesis pathway via upregulation of PGC-1α. Relatively low concentrations of
hydroxytyrosol in adipocytes increase the expression of all mitochondrial respiratory chain complexes,
including ATP synthase. HT protects mitochondria against the reduction of mitochondrial DNA
synthesis, and modulates activity of the critical transcription factors, such as Nrf1 (nuclear respiratory
factor 1) and Tfam (transcription factor A, mitochondrial). All of these unique properties of HT are
attributed to a potential risk reduction for developing type 2 diabetes mellitus [55].
3.2. Beneficial Properties of Oleuropein
Oleuropein belongs to a group of coumarin derivative, secoiridoids [56]. It was found to be
effective against various strains of bacteria, viruses, fungi and also molds or even parasites. Moreover,
it inhibits platelet aggregation [57]. It is also a major constituent of a patented formulation of an
endothelial proliferation inhibitor. Oral treatment with oleuropein results in a decreased number
of blood vessels proving strong anti-angiogenic properties [58]. Phenolic compounds (oleuropein,
protocatechuic acid) of virgin olive oil have also been shown to inhibit macrophage-mediated LDL
oxidation [59]. Leaf and olive fruit extracts containing oleuropein protect insulin-producing β-cell line
(INS-1) against the deleterious effect of cytokines [60].
4. Antineoplastic Properties of Olive Oil Polyphenols and the Mechanism of Action
Research has shown that some natural plant-derived polyphenols can directly or indirectly
prevent cells from the initiation of neoplastic transformation due to xenobiotics and carcinogenic
factors, and thus contribute to a lower risk of developing cancer. Carcinogenesis is characterized by a
change in the transcriptional activity of many genes, and consequently in the biological function of
the proteins that are encoded by those genes. There are many studies pointing out an essential role of
polyphenolic compounds as derived from vegetables, fruits, or herbs in the regulation of epigenetic
modifications, resulting in the antiproliferative protection [61]. Mechanisms of anticancer activity of
olive oil polyphenols are presented in Figure 2.
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however that the antioxidant potential of olive oil is the primary factor contributing to protection
however that the antioxidant potential of olive oil is the primary factor contributing to protection
against cancer [72,73].
against cancer [72,73].
Olive oil can also protect against carcinogenic agents that are abundant in the environment and
Olive oil can also protect against carcinogenic agents that are abundant in the environment and
food. Again, the most important protection mechanism is alleviation of oxidative stress phenomena.
food. Again, the most important protection mechanism is alleviation of oxidative stress phenomena.
It is worth mentioning that oleic acid being the major fatty acid present in olive oil TAGs is much
It is worth mentioning that oleic acid being the major fatty acid present in olive oil TAGs is much less
less susceptible to oxidation than polyunsaturated acids that are abundant in seed oils. High content
susceptible to oxidation than polyunsaturated acids that are abundant in seed oils. High content of
of antioxidant polyphenols (hydroxytyrosol, oleuropein) makes virgin olive oil relatively stable and
antioxidant polyphenols (hydroxytyrosol, oleuropein) makes virgin olive oil relatively stable and
resistant to oxidation, and thus minimizing the risk of formation of potentially carcinogenic products
resistant to oxidation, and thus minimizing the risk of formation of potentially carcinogenic products
of lipid peroxidation upon storage. Moreover, olive oil polyphenols have been reported to induce
of lipid peroxidation upon storage. Moreover, olive oil polyphenols have been reported to induce
beneficial epigenetic modifications [74] and miRNA expression pattern, lowering cancer risk [75,76].
beneficial epigenetic modifications [74] and miRNA expression pattern, lowering cancer risk [75,76].
Studies have shown that both oleuropein and hydroxytyrosol, inhibited angiogenesis and
Studies have shown that both oleuropein and hydroxytyrosol, inhibited angiogenesis and
specifically endothelial tube formation by HUVEC cells on Matrigel as well as lowered migration in
specifically endothelial tube formation by HUVEC cells on Matrigel as well as lowered migration in
wound healing assays [77].
wound healing assays [77].
4.1. Anticancer Activity of Hydroxytyrosol
4.1. Anticancer Activity of Hydroxytyrosol
Treatment of human colon adenocarcinoma cells with olive oil polyphenols significantly inhibited
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inhibited cell proliferation [78–80]. In spite of the relatively low concentrations of hydroxytyrosol in
olive oil, polyphenols are in high micromolar concentration range in the colon after gastric hydrolysis
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polyphenols are in high micromolar concentration range in the colon after gastric hydrolysis and
colonic fermentation of secoiridoids that are naturally present in olive oil [81]. In colon cancer cells
HT reduces epidermal growth factor receptor (EGFR) level by promoting its degradation. EGRF is
one of the key receptors triggering colon carcinogenesis as it regulates the proliferation, apoptosis,
angiogenesis, and invasion of cancer cells [8,82]. Moreover, HT was found to be an effective cytotoxic
agent in breast cancer cell models. It inhibited cell cycle in the G0/G1 phase by decreasing the level of
cyclin D1 [8,62].
4.2. Oleuropein as Anticancer Agent
There are numerous studies confirming the anticancer activity of oleuropein, as observed in
human cancer cell lines, such as: breast adenocarcinoma (cell line MCF-7, MDA) [83–87], melanoma
(cell line RPMI 7951) [86], urinary bladder carcinoma (cell line T-24) [86], colorectal adenocarcinoma
(cell line HT 29, Caco-2, LoVo) [86,88,89], prostate cancer (cell line TF1) [87], lung carcinoma (cell line
A549) [90], glioblastoma (cell line LN 18), renal cell adenocarcinoma (cell line 786-O) [87], and glioma
(cell line U251, A172) [91].
Oleuropein was found to display antiproliferative, proapoptotic effects [92], overall anticancer
activity [93], and specifically an ability to decrease cancer cell viability [94], as well as induction of
cancer cell apoptosis [95–98]. Oleuropein induces apoptosis in breast cancer cells (MCF-7) via the
p53-dependent pathway and through the regulation of Bax and Bcl2 genes. Therefore, oleuropein may
have a great therapeutic potential for breast cancer treatment [99]. Interestingly, oleuropein has been
reported to inhibit aromatase, a cytochrome P450 enzyme, which is an important pharmacological
target in breast cancer therapy [100]. Moreover, it increases cancer cell sensitivity to trastuzumab
(>1000-fold increase) in SKBR3/Tzb100 cell model of acquired resistance [62]. Studies in animal models
have shown that oleuropein administration prevents breast cancer [87], skin cancer [101], and various
soft tissue cancers [86].
Interestingly, oleuropein showed uroprotective effect against cyclophosphamide-induced
hemorrhagic cystitis in a rat model mostly through its antioxidant and anti-inflammatory
activities. [102]. Thus, it can be considered as a new anticancer compound for adjuvant therapy
not only targeting different stages of cancer development, but also alleviating certain adverse effects
in the course of cancer chemotherapy. With respect to the pronounced antioxidant properties of
oleuropein, it protects cells from genetic damage, potentially leading to oncogenesis. Anti-angiogenic
properties of oleuropein prevent or at least slow down tumor development [86].
5. Valuable Properties of Other Plant Polyphenols
Except from the European olive, known as Olea europea, there are many other plants rich in
invaluable polyphenols. Epigallocatechin and genistein, present in tea and soy, contribute to the DNA
hypomethylation, and thus reactivation of the previously suppressed suppressor genes such as p16,
RARbeta, MGMT, resulting in the inhibition of cancer induction or growth [103]. Anthocyanins of black
raspberries decrease DNA methyltransferase (DNMT1) activity, and also lead to the activation of the
suppressor genes via promoter demethylation mechanism [104].
Other kinds of polyphenols, also classified as phytoestrogens, such as resveratrol and genistein,
interact with estrogen receptors and influence the regulation of estrogen-dependent gene expression of
P21 gene [105,106].
Resveratrol, as observed in animal models with chemically induced tumor lesions, showed
anti-tumor and anti-atherogenic properties. On the other hand, in human tumor cell line models,
resveratrol inhibited cell proliferation (cell cycle blockage) with no apoptosis induction [107].
The hydroxytyrosol-rich extracts that are available from different plants induce inhibition of breast
cancer cell growth [108]. Interestingly, many studies reported ginger (Zingiber officinale Roscoe) to
contain numerous chemical constituents of potential health benefits. According to some, pulp and
peel of ginger rhizomes exhibit in vitro antiproliferative activity against colon cancer cells. They also

nitrosation reaction, as observed in vivo. Furthermore, chlorogenic acid can inhibit DNA damage as
observed in vitro since it inhibits lipid peroxidation and suppresses reactive oxygen species-mediated
nuclear factor NF-κB [111–113]. Interestingly, recent studies have demonstrated a reciprocal
relationship between coffee intake and the risk of colon, liver, breast, or endometrial cancer. It was
found that the consumption of at least one cup of coffee per day lowered the risk of upper
Int. J. Mol. Sci. 2018, 19, 547
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gastrointestinal cancer in the Japanese population by 49% [111,114]. There are, without doubt, plants
containing numerous chemicals invaluable for human health that are still waiting to be discovered.
show anti-inflammatory properties due to inhibition of cellular nitric oxide production. The anticancer
6. Conclusions
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mostly based on in vitro models. In order to verify their beneficial impact on human health, more in
vivo studies and well-designed clinical trials are still necessary. Nonetheless, the preliminary results
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against oxidative damage. They are also found to modulate the human immune system, affecting
proliferation of the white blood cells and the production of cytokines.
Oleuropein, hydroxytyrosol, and their derivatives are polyphenolic compounds that are
abundant in olive oil. They are powerful antioxidants displaying anticancer, anti-angiogenic and
anti-inflammatory properties.
It should be emphasized that the unique properties of olive oil polyphenols have been evaluated
mostly based on in vitro models. In order to verify their beneficial impact on human health,
more in vivo studies and well-designed clinical trials are still necessary. Nonetheless, the preliminary
results seem to be pretty encouraging in terms of prevention and treatment of cancer or cardiovascular
and neurodegenerative diseases.
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An increase in consumption of virgin olive oil and other plant products rich in polyphenolic
compounds, specifically in populations with low olive oil intake, does seem to be rational and provide
diverse health benefits.
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Gryszczyńska, A.; Gryszczyńska, B.; Opala, B. The leaves of european olive (Olea europaea L.)—Chemistry
and application in medicine. Post˛epy Fitoterapii 2010, 11, 30–37.
Samuelsson, G. The blood pressure lowering factor in leaves of Olea europaea. Farmacevtisk Revy 1951, 15,
229–239.
Zarzuelo, A.; Duarte, J.; Jimenez, J.; Gonzalez, M.; Utrilla, M. Vasodilator effect of olive leaf. Planta Med.
1991, 57, 417–419. [CrossRef] [PubMed]
Susalit, E.; Agus, N.; Effendi, I.; Tjandrawinata, R.R.; Nofiarny, D.; Perrinjaquet-Moccetti, T.; Verbruggen, M.
Olive (Olea europaea) leaf extract effective in patients with stage-1 hypertension: Comparison with Captopril.
Phytomedicine 2011, 18, 251–258. [CrossRef] [PubMed]
Fabiani, R. Anti-cancer properties of olive oil secoiridoid phenols: A systematic review of in vivo studies.
Food Funct. 2016, 7, 4145–4159. [CrossRef] [PubMed]

Int. J. Mol. Sci. 2018, 19, 547

43.
44.

45.
46.

47.
48.

49.
50.
51.
52.

53.
54.
55.

56.
57.
58.
59.

60.

61.

62.
63.

64.

10 of 13

Malik, N.S.; Bradford, J.M. Changes in oleuropein levels during differentiation and development of floral
buds in ‘Arbequina’olives. Sci. Horticult. 2006, 110, 274–278. [CrossRef]
Manna, C.; D’Angelo, S.; Migliardi, V.; Loffredi, E.; Mazzoni, O.; Morrica, P.; Galletti, P.; Zappia, V. Protective
effect of the phenolic fraction from virgin olive oils against oxidative stress in human cells. J. Agric. Food Chem.
2002, 50, 6521–6526. [CrossRef] [PubMed]
Visioli, F.; Bellosta, S.; Galli, C. Oleuropein, the bitter principle of olives, enhances nitric oxide production by
mouse macrophages. Life Sci. 1998, 62, 541–546. [CrossRef]
Wiseman, S.A.; Mathot, J.N.; de Fouw, N.J.; Tijburg, L.B. Dietary non-tocopherol antioxidants present in
extra virgin olive oil increase the resistance of low density lipoproteins to oxidation in rabbits. Atherosclerosis
1996, 120, 15–23. [CrossRef]
Owen, R.; Giacosa, A.; Hull, W.; Haubner, R.; Spiegelhalder, B.; Bartsch, H. The antioxidant/anticancer
potential of phenolic compounds isolated from olive oil. Eur. J. Cancer 2000, 36, 1235–1247. [CrossRef]
Tripoli, E.; Giammanco, M.; Tabacchi, G.; Di Majo, D.; Giammanco, S.; la Guardia, M. The phenolic
compounds of olive oil: Structure, biological activity and beneficial effects on human health. Nutr. Res. Rev.
2005, 18, 98–112. [CrossRef] [PubMed]
Bisignano, G.; Tomaino, A.; Cascio, R.L.; Crisafi, G.; Uccella, N.; Saija, A. On the in-vitro antimicrobial
activity of oleuropein and hydroxytyrosol. J. Pharm. Pharmacol. 1999, 51, 971–974. [CrossRef] [PubMed]
Fleming, H.; Walter, W.; Etchells, J. Antimicrobial properties of oleuropein and products of its hydrolysis
from green olives. Appl. Microbiol. 1973, 26, 777–782. [PubMed]
Federici, F.; Bongi, G. Improved method for isolation of bacterial inhibitors from oleuropein hydrolysis.
Appl. Environ. Microbiol. 1983, 46, 509–510. [PubMed]
Carluccio, M.A.; Siculella, L.; Ancora, M.A.; Massaro, M.; Scoditti, E.; Storelli, C.; Visioli, F.; Distante, A.;
de Caterina, R. Olive oil and red wine antioxidant polyphenols inhibit endothelial activation. Arterioscler.
Thromb. Vasc. Biol. 2003, 23, 622–629. [CrossRef] [PubMed]
Edgecombe, S.C.; Stretch, G.L.; Hayball, P.J. Oleuropein, an antioxidant polyphenol from olive oil, is poorly
absorbed from isolated perfused rat intestine. J. Nutr. 2000, 130, 2996–3002. [CrossRef] [PubMed]
Jemai, H.; El Feki, A.; Sayadi, S. Antidiabetic and antioxidant effects of hydroxytyrosol and oleuropein from
olive leaves in alloxan-diabetic rats. J. Agric. Food Chem. 2009, 57, 8798–8804. [CrossRef] [PubMed]
Hao, J.; Shen, W.; Yu, G.; Jia, H.; Li, X.; Feng, Z.; Wang, Y.; Weber, P.; Wertz, K.; Sharman, E. Hydroxytyrosol
promotes mitochondrial biogenesis and mitochondrial function in 3T3-L1 adipocytes. J. Nutr. Biochem. 2010,
21, 634–644. [CrossRef] [PubMed]
Soler-Rivas, C.; Espín, J.C.; Wichers, H.J. Oleuropein and related compounds. J. Sci. Food Agric. 2000, 80,
1013–1023. [CrossRef]
Benavente-Garcıa, O.; Castillo, J.; Lorente, J.; Ortuno, A.; del Rio, J. Antioxidant activity of phenolics extracted
from Olea europaea L. leaves. Food Chem. 2000, 68, 457–462. [CrossRef]
Hamdi, H.K.; Tavis, J.H.; Castellon, R. Methods for Inhibiting Angiogenesis. Patent WO/2002/094193,
28 November 2002.
Masella, R.; Varì, R.; D’Archivio, M.; di Benedetto, R.; Matarrese, P.; Malorni, W.; Scazzocchio, B.;
Giovannini, C. Extra virgin olive oil biophenols inhibit cell-mediated oxidation of LDL by increasing
the mRNA transcription of glutathione-related enzymes. J. Nutr. 2004, 134, 785–791. [CrossRef] [PubMed]
Cumaoğlu, A.; Ari, N.; Kartal, M.; Karasu, Ç. Polyphenolic extracts from Olea europea L. protect against
cytokine-induced β-cell damage through maintenance of redox homeostasis. Rejuv. Res. 2011, 14, 325–334.
[CrossRef] [PubMed]
Stefanska, B.; Karlic, H.; Varga, F.; Fabianowska-Majewska, K.; Haslberger, A. Epigenetic mechanisms in
anti-cancer actions of bioactive food components–the implications in cancer prevention. Br. J. Pharmacol.
2012, 167, 279–297. [CrossRef] [PubMed]
Rigacci, S.; Stefani, M. Nutraceutical properties of olive oil polyphenols. An itinerary from cultured cells
through animal models to humans. Int. J. Mol. Sci. 2016, 17, 843. [CrossRef] [PubMed]
Mijatovic, S.A.; Timotijevic, G.S.; Miljkovic, D.M.; Radovic, J.M.; Maksimovic-Ivanic, D.D.; Dekanski, D.P.;
Stosic-Grujicic, S.D. Multiple antimelanoma potential of dry olive leaf extract. Int. J. Cancer 2011, 128,
1955–1965. [CrossRef] [PubMed]
Bhatia, S.; Tykodi, S.S.; Thompson, J.A. Treatment of metastatic melanoma: An overview. Oncology 2009, 23,
488. [PubMed]

Int. J. Mol. Sci. 2018, 19, 547

65.

66.
67.

68.

69.
70.

71.
72.
73.
74.
75.

76.

77.

78.

79.

80.

81.

82.

83.

11 of 13

Gotsis, E.; Anagnostis, P.; Mariolis, A.; Vlachou, A.; Katsiki, N.; Karagiannis, A. Health benefits of the
Mediterranean diet: An update of research over the last 5 years. Angiology 2015, 66, 304–318. [CrossRef]
[PubMed]
Owen, R.; Haubner, R.; Würtele, G.; Hull, W.; Spiegelhalder, B.; Bartsch, H. Olives and olive oil in cancer
prevention. Eur. J. Cancer Prev. 2004, 13, 319–326. [CrossRef] [PubMed]
Psaltopoulou, T.; Kosti, R.I.; Haidopoulos, D.; Dimopoulos, M.; Panagiotakos, D.B. Olive oil intake is
inversely related to cancer prevalence: A systematic review and a meta-analysis of 13,800 patients and 23,340
controls in 19 observational studies. Lipids Health Dis. 2011, 10, 127. [CrossRef] [PubMed]
López de las Hazas, M.-C.; Piñol, C.; Macià, A.; Motilva, M.-J. Hydroxytyrosol and the colonic metabolites
derived from virgin olive oil intake induce cell cycle arrest and apoptosis in colon cancer cells. J. Agric.
Food Chem. 2017, 65, 6467–6476. [CrossRef] [PubMed]
Owen, R.W.; Giacosa, A.; Hull, W.E.; Haubner, R.; Würtele, G.; Spiegelhalder, B.; Bartsch, H. Olive-oil
consumption and health: The possible role of antioxidants. Lancet Oncol. 2000, 1, 107–112. [CrossRef]
Nan, J.; Ververis, K.; Bollu, S.; Rodd, A.; Swarup, O.; Karagiannis, T. Biological effects of the olive polyphenol,
hydroxytyrosol: An extra view from genome-wide transcriptome analysis. Hellenic J. Nucl. Med. 2013,
17, 62–69.
Escrich, E.; Moral, R.; Grau, L.; Costa, I.; Solanas, M. Molecular mechanisms of the effects of olive oil and
other dietary lipids on cancer. Mol. Nutr. Food Res. 2007, 51, 1279–1292. [CrossRef] [PubMed]
Visioli, F.; Galli, C.; Bornet, F.; Mattei, A.; Patelli, R.; Galli, G.; Caruso, D. Olive oil phenolics are
dose-dependently absorbed in humans. FEBS Lett. 2000, 468, 159–160. [CrossRef]
Jenner, P.; Olanow, C.W. Oxidative stress and the pathogenesis of Parkinson’s disease. Neurology 1996, 47,
161S–170S. [CrossRef]
Caramia, G.; Gori, A.; Valli, E.; Cerretani, L. Virgin olive oil in preventive medicine: From legend to
epigenetics. Eur. J. Lipid Sci. Technol. 2012, 114, 375–388. [CrossRef]
Tunca, B.; Tezcan, G.; Cecener, G.; Egeli, U.; Ak, S.; Malyer, H.; Tumen, G.; Bilir, A. Olea europaea leaf extract
alters microRNA expression in human glioblastoma cells. J. Cancer Res. Clin. Oncol. 2012, 138, 1831–1844.
[CrossRef] [PubMed]
D’Amore, S.; Vacca, M.; Cariello, M.; Graziano, G.; D’Orazio, A.; Salvia, R.; Sasso, R.C.; Sabbà, C.;
Palasciano, G.; Moschetta, A. Genes and miRNA expression signatures in peripheral blood mononuclear
cells in healthy subjects and patients with metabolic syndrome after acute intake of extra virgin olive oil.
BBA-Mol. Cell Biol. Lipids 2016, 1861, 1671–1680. [CrossRef] [PubMed]
Scoditti, E.; Calabriso, N.; Massaro, M.; Pellegrino, M.; Storelli, C.; Martines, G.; de Caterina, R.;
Carluccio, M.A. Mediterranean diet polyphenols reduce inflammatory angiogenesis through MMP-9 and
COX-2 inhibition in human vascular endothelial cells: A potentially protective mechanism in atherosclerotic
vascular disease and cancer. Arch. Biochem. Biophys. 2012, 527, 81–89. [CrossRef] [PubMed]
Gill, C.I.R.; Boyd, A.; McDermott, E.; McCann, M.; Servili, M.; Selvaggini, R.; Taticchi, A.; Esposto, S.;
Montedoro, G.; McGlynn, H.; et al. Potential anti-cancer effects of virgin olive oil phenolson colorectal
carcinogenesis models in vitro. Int. J. Cancer 2005, 117, 1–7. [CrossRef] [PubMed]
Hashim, Y.Z.H.-Y.; Worthington, J.; Allsopp, P.; Ternan, N.G.; Brown, E.M.; McCann, M.J.; Rowland, I.R.;
Esposto, S.; Servili, M.; Gill, C.I.R.; et al. Virgin olive oil phenolics extract inhibit invasion of HT115 human
colon cancer cells in vitro and in vivo. Food Funct. 2014, 5, 1513. [CrossRef] [PubMed]
Hashim, Y.Z.Y.; Rowland, I.R.; McGlynn, H.; Servili, M.; Selvaggini, R.; Taticchi, A.; Esposto, S.;
Montedoro, G.; Kaisalo, L.; Wähälä, K.; et al. Inhibitory effects of olive oil phenolics on invasion in
human colon adenocarcinoma cells in vitro. Int. J. Cancer 2008, 122, 495–500. [CrossRef] [PubMed]
Corona, G.; Tzounis, X.; Assunta Dessi, M.; Deiana, M.; Debnam, E.S.; Visioli, F.; Spencer, J.P. The fate of
olive oil polyphenols in the gastrointestinal tract: Implications of gastric and colonic microflora-dependent
biotransformation. Free Radic. Res. 2006, 40, 647–658. [CrossRef] [PubMed]
Terzuoli, E.; Giachetti, A.; Ziche, M.; Donnini, S. Hydroxytyrosol, a product from olive oil, reduces colon
cancer growth by enhancing epidermal growth factor receptor degradation. Mol. Nutr. Food Res. 2015, 60,
519–529. [CrossRef] [PubMed]
Fayyaz, S.; Aydin, T.; Cakir, A.; Gasparri, M.L.; Benedetti Panici, P.; Ahmad Farooqi, A. Oleuropein mediated
targeting of signaling network in cancer. Curr. Top. Med. Chem. 2016, 16, 2477–2483. [CrossRef] [PubMed]

Int. J. Mol. Sci. 2018, 19, 547

84.

12 of 13

Goulas, V.; Exarchou, V.; Troganis, A.N.; Psomiadou, E.; Fotsis, T.; Briasoulis, E.; Gerothanassis, I.P.
Phytochemicals in olive-leaf extracts and their antiproliferative activity against cancer and endothelial
cells. Mol. Nutr. Food Res. 2009, 53, 600–608. [CrossRef] [PubMed]
85. Han, J.; Talorete, T.P.; Yamada, P.; Isoda, H. Anti-proliferative and apoptotic effects of oleuropein and
hydroxytyrosol on human breast cancer MCF-7 cells. Cytotechnology 2009, 59, 45–53. [CrossRef] [PubMed]
86. Hamdi, H.K.; Castellon, R. Oleuropein, a non-toxic olive iridoid, is an anti-tumor agent and cytoskeleton
disruptor. Biochem. Biophys. Res. Commun. 2005, 334, 769–778. [CrossRef] [PubMed]
87. Sepporta, M.V.; Fuccelli, R.; Rosignoli, P.; Ricci, G.; Servili, M.; Morozzi, G.; Fabiani, R. Oleuropein inhibits
tumour growth and metastases dissemination in ovariectomised nude mice with MCF-7 human breast
tumour xenografts. J. Funct. Foods 2014, 8, 269–273. [CrossRef]
88. Cárdeno, A.; Sánchez-Hidalgo, M.; Cortes-Delgado, A.; Alarcón de la Lastra, C. Mechanisms involved in the
antiproliferative and proapoptotic effects of unsaponifiable fraction of extra virgin olive oil on HT-29 cancer
cells. Nutr. Cancer 2013, 65, 908–918. [CrossRef] [PubMed]
89. Corona, G.; Deiana, M.; Incani, A.; Vauzour, D.; Dessì, M.A.; Spencer, J.P. Inhibition of p38/CREB
phosphorylation and COX-2 expression by olive oil polyphenols underlies their anti-proliferative effects.
Biochem. Biophys. Res. Commun. 2007, 362, 606–611. [CrossRef] [PubMed]
90. Mao, W.; Shi, H.; Chen, X.; Yin, Y.; Yang, T.; Ge, M.; Luo, M.; Chen, D.; Qian, X. Anti-proliferation and
migration effects of oleuropein on human A549 lung carcinoma cells. Lat. Am. J. Pharm. 2012, 31, 1217–1221.
91. Liu, M.; Wang, J.; Huang, B.; Chen, A.; Li, X. Oleuropein inhibits the proliferation and invasion of glioma
cells via suppression of the AKT signaling pathway. Oncol. Rep. 2016, 36, 2009–2016. [CrossRef] [PubMed]
92. Casaburi, I.; Puoci, F.; Chimento, A.; Sirianni, R.; Ruggiero, C.; Avena, P.; Pezzi, V. Potential of olive oil
phenols as chemopreventive and therapeutic agents against cancer: A review of in vitro studies. Mol. Nutr.
Food Res. 2013, 57, 71–83. [CrossRef] [PubMed]
93. Hassan, Z.K.; Elamin, M.H.; Daghestani, M.H.; Omer, S.A.; Al-Olayan, E.M.; Elobeid, M.A.; Virk, P.;
Mohammed, O.B. Oleuropein induces anti-metastatic effects in breast cancer. Asian Pac. J. Cancer Prev.
2012, 13, 4555–4559. [CrossRef] [PubMed]
94. Menendez, J.A.; Vazquez-Martin, A.; Colomer, R.; Brunet, J.; Carrasco-Pancorbo, A.; Garcia-Villalba, R.;
Fernandez-Gutierrez, A.; Segura-Carretero, A. Olive oil’s bitter principle reverses acquired autoresistance to
trastuzumab (Herceptin™) in HER2-overexpressing breast cancer cells. BMC Cancer 2007, 7, 80. [CrossRef]
[PubMed]
95. Campolo, M.; di Paola, R.; Impellizzeri, D.; Crupi, R.; Morittu, V.M.; Procopio, A.; Perri, E.; Britti, D.; Peli, A.;
Esposito, E. Effects of a polyphenol present in olive oil, oleuropein aglycone, in a murine model of intestinal
ischemia/reperfusion injury. J. Leukoc. Biol. 2013, 93, 277–287. [CrossRef] [PubMed]
96. Elamin, M.H.; Daghestani, M.H.; Omer, S.A.; Elobeid, M.A.; Virk, P.; Al-Olayan, E.M.; Hassan, Z.K.;
Mohammed, O.B.; Aboussekhra, A. Olive oil oleuropein has anti-breast cancer properties with higher
efficiency on ER-negative cells. Food Chem. Toxicol. 2013, 53, 310–316. [CrossRef] [PubMed]
97. Oi-Kano, Y.; Kawada, T.; Watanabe, T.; Koyama, F.; Watanabe, K.; Senbongi, R.; Iwai, K. Oleuropein
supplementation increases urinary noradrenaline and testicular testosterone levels and decreases plasma
corticosterone level in rats fed high-protein diet. J. Nutr. Biochem. 2013, 24, 887–893. [CrossRef] [PubMed]
98. Pasban-Aliabadi, H.; Esmaeili-Mahani, S.; Sheibani, V.; Abbasnejad, M.; Mehdizadeh, A.; Yaghoobi, M.M.
Inhibition of 6-hydroxydopamine-induced PC12 cell apoptosis by olive (Olea europaea L.) leaf extract is
performed by its main component oleuropein. Rejuv. Res. 2013, 16, 134–142. [CrossRef] [PubMed]
99. Hassan, Z.K.; Elamin, M.H.; Omer, S.A.; Daghestani, M.H.; Al-Olayan, E.S.; Elobeid, M.A.; Virk, P. Oleuropein
induces apoptosis via the p53 pathway in breast cancer cells. Asian Pac. J. Cancer Prev. 2013, 14, 6739–6742.
[CrossRef]
100. Neves, M.A.; Dinis, T.C.; Colombo, G.; Sá, E.; Melo, M.L. Combining computational and biochemical studies
for a rationale on the anti-aromatase activity of natural polyphenols. ChemMedChem 2007, 2, 1750–1762.
[CrossRef] [PubMed]
101. Kimura, Y.; Sumiyoshi, M. Olive leaf extract and its main component oleuropein prevent chronic ultraviolet B
radiation-induced skin damage and carcinogenesis in hairless mice. J. Nutr. 2009, 139, 2079–2086. [CrossRef]
[PubMed]
102. Sherif, I.O.; Nakshabandi, Z.M.; Mohamed, M.A.; Sarhan, O.M. Uroprotective effect of oleuropein in a rat
model of hemorrhagic cystitis. Int. J. Biochem. Cell Biol. 2016, 74, 12–17. [CrossRef] [PubMed]

Int. J. Mol. Sci. 2018, 19, 547

13 of 13

103. Fang, M.Z.; Chen, D.; Sun, Y.; Jin, Z.; Christman, J.K.; Yang, C.S. Reversal of hypermethylation and
reactivation of p16INK4a, RARβ, and MGMT genes by genistein and other isoflavones from soy.
Clin. Cancer Res. 2005, 11, 7033–7041. [CrossRef] [PubMed]
104. Wang, L.-S.; Arnold, M.; Huang, Y.-W.; Sardo, C.; Seguin, C.; Martin, E.W.; Huang, T.H.-M.; Riedl, K.;
Schwartz, S.J.; Frankel, W.L. Modulation of genetic and epigenetic biomarkers of colorectal cancer in humans
by black raspberries: A phase I pilot study. Clin. Cancer Res. 2011, 17, 598–610. [CrossRef] [PubMed]
105. Mandal, S.; Davie, J.R. Estrogen regulated expression of the p21Waf1/Cip1 gene in estrogen receptor positive
human breast cancer cells. J. Cell. Physiol. 2010, 224, 28–32. [PubMed]
106. Pozo-Guisado, E.; Lorenzo-Benayas, M.J.; Fernández-Salguero, P.M. Resveratrol modulates the
phosphoinositide 3-kinase pathway through an estrogen receptor α-dependent mechanism: Relevance
in cell proliferation. Int. J. Cancer 2004, 109, 167–173. [CrossRef] [PubMed]
107. Ullah, M.F.; Khan, M.W. Food as medicine: Potential therapeutic tendencies of plant derived polyphenolic
compounds. Asian Pac. J Cancer Prev. 2008, 9, 187–196. [PubMed]
108. Bouallagui, Z.; Han, J.; Isoda, H.; Sayadi, S. Hydroxytyrosol rich extract from olive leaves modulates cell
cycle progression in MCF-7 human breast cancer cells. Food Chem. Toxicol. 2011, 49, 179–184. [CrossRef]
[PubMed]
109. Marrelli, M.; Menichini, F.; Conforti, F. A comparative study of Zingiber officinale Roscoe pulp and peel:
Phytochemical composition and evaluation of antitumour activity. Nat. Prod. Res. 2015, 29, 2045–2049.
[CrossRef] [PubMed]
110. Hsu, Y.L.; Hung, J.Y.; Tsai, Y.M.; Tsai, E.M.; Huang, M.S.; Hou, M.F.; Kuo, P.L. 6-shogaol, an active
constituent of dietary ginger, impairs cancer development and lung metastasis by inhibiting the secretion of
CC-chemokine ligand 2 (CCL2) in tumor-associated dendritic cells. J. Agric. Food Chem. 2015, 63, 1730–1738.
[CrossRef] [PubMed]
111. Oleaga, C.; Noé, V.; Izquierdo-Pulido, M. Coffee polyphenols change the expression of STAT5B and ATF-2
modifying cyclin D1 levels in cancer cells. Oxid. Med. Cell. Longev. 2012, 2012, 1–17. [CrossRef] [PubMed]
112. Rice-Evans, C.A.; Miller, N.J.; Paganga, G. Structure-antioxidant activity relationships of flavonoids and
phenolic acids. Free Radic. Biol. Med. 1996, 20, 933–956. [CrossRef]
113. Kono, Y.; Shibata, H.; Kodama, Y.; Sawa, Y. The suppression of the N-nitrosating reaction by chlorogenic
acid. Biochem. J. 1995, 312, 947–953. [CrossRef] [PubMed]
114. Naganuma, T.; Kuriyama, S.; Kakizaki, M.; Sone, T.; Nakaya, N.; Ohmori-Matsuda, K.; Nishino, Y.; Fukao, A.;
Tsuji, I. Coffee consumption and the risk of oral, pharyngeal, and esophageal cancers in Japan: The Miyagi
Cohort Study. Am. J. Epidemiol. 2008, 168, 1425–1432. [CrossRef] [PubMed]
115. Lewandowska, U.; Fichna, J.; Gorlach, S. Enhancements of anticancer potential of polyphenols by covalent
modifications. Biochem. Pharmacol. 2016, 109, 1–13. [CrossRef] [PubMed]
© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

