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ABSTRACT
Phenolic compounds derived from olive oil have beneficial health properties against cancer, neurode
generative, and metabolic diseases. Therefore, there are discrepancies in their impact on mitochondrial 
function that result in changes in oxidative capacity, mitochondrial respiration, and energetic demands. 
This review focuses on the versatile role of oleuropein, a potent antioxidant that regulates the AMPK/ 
SIRT1/mTOR pathway to modulate autophagy/mitophagy and maintain metabolic homeostasis.
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The Mediterranean Diet

The Mediterranean Diet (MedD) is considered one of the 
dietary patterns with the greatest accumulated scientific evi
dence regarding its benefits in human health. In fact, in recent 
decades, the number of publications on the subject has grown 
exponentially. The MedD is known as the traditional eating 
pattern of the countries of the Mediterranean area in the mid- 
twentieth century. It is characterized by a high consumption of 
vegetables, legumes, fruit, nuts, whole grains, garlic, onion and 
spices, a moderate consumption of fish and poultry, the use of 
virgin olive oil (both for cooking and dressing), the ingestion of 
wine (consumed in moderation with meals) and a low intake of 
saturated fat (including that of dairy products), meats, pro
cessed meat products and sweets.1 The interest of the scientific 
community on this diet has focused on its role for the preven
tion or treatment of various associated pathologies with 
chronic inflammation, such as metabolic syndrome (MS), dia
betes, cardiovascular disease (CVD), neurodegenerative dis
eases and cancer, among others.2

The main fatty acid in the MedD are monounsaturated fatty 
acids (MUFAs), whose intake is related to the reduction of total 
cholesterol and the increase in high-density lipopro
teins (HDL).

The intervention study with the greatest impact regarding 
the effects of MedD on human health has been the PREDIMED 
(Prevention with Mediterranean Diet) project, whose main 
objective was to evaluate the long-term effects of MedD on 
the incidence of CVD. This multicenter study was carried out 
in Spain between 2003 and 2011 and included 7,447 men and 
women older than 50 years with high cardiovascular risk, but 
with no history of previous cardiovascular events. The 

participants were randomized into three groups: MedD sup
plemented with olive oil (1 liter/week), MedD supplemented 
with nuts (30 g/day) or low-fat diet (control group), without 
caloric restriction or promotion of physical activity.3 After 4.8  
years of follow-up, the participants who consumed MedD 
(supplemented with olive oil or nuts) presented a 30% reduc
tion in the risk of cardiovascular events, mainly cerebrovascu
lar accidents, compared to the control group, with a protective 
effect of a comparable magnitude to that granted by pharma
cological approach such as the use of statins. Additional ana
lyses from the same study reported that the incidence of 
diabetes was significantly lower among non-diabetic subjects 
in the MedD groups, with a 52% reduction in the appearance of 
new cases of diabetes compared to the control group.4 The 
Dietary Guidelines for Americans recommend a “Healthy 
Mediterranean-Style Eating Pattern” to promote health and 
protect against common western diseases.5

Characteristic and composition of olive oil

Olive oil has been consumed throughout history from 
Palestine, where the first crops are located, to South America, 
passing through the Mediterranean basin. It is obtained from 
the fruit of the olive tree (Olea europaea L.), the olive, a type of 
drupe characterized by its high oil content, mostly located in its 
medium part or pulp.

Throughout history, olive oil has been used in different 
ways, such as mixing it with essences for topical application 
on the performing massages, for the treatment of skin infec
tions and burns, gastrointestinal disorders and as 
a fundamental pillar in the culinary culture of the countries 
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that bathe the Mediterranean Sea. All these applications reveal 
the multiple properties of this oil, being remarkable its proper
ties as a pharmacological agent.2

There are two fractions in the composition of this oil. 
A majority fraction, comprising 97–98% of its total, called the 
saponifiable fraction, and a minority or non-saponifiable frac
tion in which various components are found, constituting 
approximately 2% of the total oil. The majority fraction is 
essentially composed of triacylglycerides and, in turn, the 
main fatty acid is oleic acid, a MUFA, although we can find 
others to a lesser extent, such as linoleic acid, a polyunsaturated 
fatty acid (PUFA). The minority fraction is made up of more 
than 200 compounds, among which are the phenolic com
pounds, such as phenolic acids, phenolic alcohols, lignans, 
flavonoids and secoiridoids, and secoiridoid-related phenolics, 
where we find oleuropein (OLP), hydroxytyrosol (HTy), oleo
canthal (OLCT), and oleacein (OLCN) (Figure 1), among 
many others. These compounds are some of the most repre
sentative components of the phenolic fraction of olive oil. OLP 
is found in certain amounts in the fruit (green and ripe olives) 
and is partially converted into OLCN by endogenous enzymes 
during the mechanical extraction of the oil and, in turn, OLCN 
is transformed into HTy. The olive oil phenols give it a unique 
stability and flavor, and endows this edible oil with greater 
durability and oxidative stability. The phenolic compounds 
present here are responsible for the bitter sensation and acidic 
that produces the oil in the mouth, without forgetting the spicy 
sensation provided by OLCT and OLCN. Indeed, Andrewes 
et al. identified, using chromatography techniques, the pheno
lic compound responsible for the burning and itching sensa
tion of the throat when ingest some virgin olive oils. This 
compound was originally called “deacetoxyligstroside 
aglycon,”2,6 until Beauchamp et al. in 2005 named it “oleo
canthal” (OLCT).7

These substances have been related to the healthy properties 
of olive oil. It is essential to control the growing and harvesting 
processes of olives to ensure the best and highest quantity of 

these compounds in the oil, since their concentration will be 
determined by the maturation stage of the harvest, geographi
cal origin of the olive, irrigation or even the conditions applied 
during the crushing of the fruit.8 There are different qualities of 
olive oil, being the extra virgin olive oil (EVOO) the richest in 
minor and predominant compounds in the MedD.

Phenolic compounds

Phenolic compounds are organic structures that contain at 
least one hydroxyl group attached to a benzene ring. The 
form in which they are usually found in nature is linked to 
a sugar moiety forming glycosides.9,10 The Mediterranean area 
is characterized by being a territory very exposed to sunlight, so 
many characteristic fruits of the diet of the area, such as grapes 
or olives, have developed a series of substances that protect 
against oxidative damage associated with the stress produced 
by exposure prolonged to ultraviolet light, such as phenols. 
Therefore, the oils that contain a high proportion of them will 
be more resistant to degradation. This part of the development 
and evolution of the fruit becomes important when observing 
that the incidence of certain pathologies is lower in this region, 
as we explained previously.11

Various phenolic compounds are part of this minor fraction 
of olive oil whose concentration in it varies depending on var
ious factors such as processing and ripened fruit. However, it is 
relevant to take into account the proportion of each compound 
in order to evaluate how its components are absorbed and 
metabolized, as well as the effects that they have on human 
health.12,13 At least 36 phenolic compounds of EVOO have 
been identified whose concentration varies according to the 
type of oil, and whose anti-inflammatory and antioxidant prop
erties make these compounds complement each other.14

OLP is a glucoside of an ester of elenolic acid and HTy, with 
an oleosidic skeleton that is common to the secoiridoid glyco
sides of plants of the Oleaceae family.15 OLP and HTy, are 
loaded with health benefits.16 Among the beneficial effects of 

Figure 1. Chemical structures of some phenolic compounds in EVOO. Oleocanthal, oleacein and oleuropein are the main phenolic compounds found in olive oil and 
fruit. Hydroxytyrosol is the metabolite of oleuropein.
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OLP may be highlighted its antioxidant, anti-inflammatory 
and antitumor properties, being associated with proliferation 
and apoptosis by modulating the expression of many signaling 
pathways, such as the induction of autophagy.17

Oleuropein induces autophagy

Interesting studies have demonstrated that OLP is an autop
hagy inducer.18–20 Autophagy is an important cellular mechan
ism involved in the clearance of proteins, cytotoxic aggregates, 
and damaged organelles into lysosomes. It has a key role in cell 
homeostasis, nutrient deprivation and consequently prevents 
pathogenesis related to its dysregulation.21 Indeed, diseases 
such as cancer22 and neurodegenerative disorders have been 
associated with autophagy impairment. Generally, autophagy 
is downregulated in neurodegenerative diseases; however, an 
upregulation has been reported in certain cases.23 According to 
cancer, the role of autophagy is more complex; it can promote 
proliferation or suppresses cell transformation.22 

Consequently, its pharmacological modulation becomes 
a critical therapeutic strategy to control those diseases. In this 
line, several autophagy modulators have emerged and scientists 
are still interested in finding new ones from our daily diet, and 
this is the case with OLP. It exists different types of autophagy 
depending on the manner by which the cargo is cleared: micro
autophagy, chaperone-mediated autophagy, and 
macroautophagy.24 All of them need functional acidic lyso
somes to complete the degradation and the recycling of 
products.

Chaperone-mediated autophagy involves the Heat Shock 
Cognate 70 (Hsc70) chaperone in the selection of the KFERQ 
motif in proteins that will translocate into lysosomes.21,24 

Microautophagy is a nonselective degradation that is charac
terized by a sequestration of cytosolic components through an 
invagination of the lysosomal membrane.24 Finally, macroau
tophagy, often called autophagy, collects the cytosolic cargoes 
into some double-membrane vesicles namely autophagosomes 
that will later fusion with lysosomes to constitute lately the 
autophagolysosomes/autolysosomes.24 Such a process can be 
selective, when it promotes the sequestration and degradation 
of specific contents leading to a sub-classification of macro
autophagy: mitophagy for mitochondria, reticulophagy for 
endoplasmic reticulum (ER), ribophagy for ribosomes, etc.

OLP is able to modulate autophagy in various cell types 
(Table 1).

However, it may act in multiple pathways to accomplish 
the autophagy-induced beneficial effects against cancer, 
neurodegenerative,18 cardiovascular,19 and metabolic 
diseases.25 It is noteworthy to highlight that the incubation 
time and the used concentrations have a great impact on 
OLP-mediated response. For a short time, treatment in SH- 
SY5Y neuroblastoma cells, autophagy induction by 50 µM 

OLP results in an intermittent release of calcium (Ca2+) 
from the ER to activate the Ca2+/calmodulin-dependent 
protein kinase kinase-beta (CAMMKβ) which then phos
phorylates AMP-activated protein kinase (AMPK).20 The 
same concentration of OLP used in N2a cells, for 3–48 h, 
decreases the phosphorylation of the mammalian target of 
rapamycin (mTOR) substrate, p70S6K. Moreover, this inhi
bition of the mTOR pathway was more efficient with 50– 
100 µM OLP for 6 h.18 The implication of mTOR in OLP- 
induced autopahgy is corroborated in resting cardiomyo
cytes through the nuclear translocation of the transcription 
factor EB (TFEB) and the upregulation of its target genes 
SQSTM1/p62, lysosomal associated membrane protein 1 
(LAMP1) and ATP6V1.19 TFEB is the master regulator of 
lysosomal biogenesis. Indeed, when activated, mTOR phos
phorylates TFEB, the latter is sequestered in the cytoplasm. 
The inhibition of mTOR and/or the calcineurin phospha
tase activate TFEB and facilitate its translocation into the 
nucleus, where it exerts its activity. In contrast, high con
centrations (200 µM and 400 µM) of OLP activated the 
AMPK pathway, and not the phosphatidylinositol-3 kinase 
(PI3K)/AKT pathway16 in C2C12 muscle cells. 
Independently of the cell lines used in cell culture, OLP 
increases BECN1,18–20 SQSTM118 and LC3-II18–20 proteins. 
Unexpectedly, picomolar dose of OLP inhibits autophago
some formation and decreases lysosome acidification in 
neuronal PC12 cells.26 All these data suggest that OLP 
might modulate mitochondrial function and mitochondrial 
energy, and, as an autophagic inducer, it might also pro
mote the elimination of damaged mitochondria (Figure 2).

Oleuropein and mitochondria

Mitochondria are the major source of energetic cell produc
tion, but also the main producer of ROS generation.27 

Moderating ROS production is indispensable for the regula
tion of different signaling pathways. However, mitochondrial 
dysfunction and uncontrolled production of ROS28 under
lying oxidative stress are the common hallmarks of multiple 
diseases. Therefore, there is a very good reason to believe that 
the balance depends on the regulation or the reestablishment 
of antioxidant levels. For instance, a chronic OLP (60 mg/kg/ 
day for 8 weeks) administration decreases the oxidative stress 
levels in spontaneously hypertensive rats, by upregulating the 
antioxidant activities of (SOD) and glutathione (GSH).29 

Similar results were observed with HTy in MC3T3-E1 
cells.30 OLP and/or HTy increase the expression of Nrf2, its 
nuclear translocation and the Nrf2-induced antioxidant 
enzymes NADPH Quinone Dehydrogenase 1 (NQO1) and 
heme oxygenase-1 (HO-1).29–31 In addition to their ability 
to scavenge the mitochondria-generated ROS, OLP and HTy 
foster the novo synthesis of mitochondria as evidenced by the 
expression of the mitochondrial transcription factor 
a (TFAM), the increase in mitochondrial DNA (mtDNA) 
copy number and mitochondondrial mass.32,33 Consistent 
with these effects, 50 µM OLP increases the SIRT1 protein in 
avian muscles cells, which activates peroxisome proliferator- 
activated receptor-gamma (PPARγ) coactivator (PGC1-α) 
through its deacetylase activity.32 PGC1-α is associated with 

Table 1. Oleuropein induces autophagy in different cell lines.

Cell lines OLP treatments Observations References

Cardiomyocytes 100 µM ↑BECN1, ↑LC3-II 19

SH-SY5Y cells 50 µM ↑BECN1 20

N2a cells 9–100 µM ↑BECN1,↑ p62, ↑LC3-II 18

RIN-5F cells 50 µM ↑LC3-II 20
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mitochondrial biogenesis. Its upregulation improves mito
chondrial function, resulting in an increasing COX 
activity.32 In fact, the knockdown of PGC1-α gene abolished 
the HTy-improved mitochondrial activity.33 While OLP 
enhances the mitochondrial complexes II and IV proteins,32 

its metabolite can significantly increase the expression of all 
mitochondrial complexes, with some discrepancies in in vivo
31and in vitro.33 SIRT1 is a histone deacetylase (HDAC) class 
III critical for cell survival; its inhibition provokes mitochon
drial fragmentation.34 Besides its role in mitochondrial bio
genesis, SIRT1 induces autophagy and mitophagy in HTy- 
treated primary chondrocytes.35 Gene silencing of SIRT1 
impedes the HTy-mediated autophagosome formation35 and 
probably leading to mitochondrial accumulation. There are 
not enough studies on the direct role of OLP and HTy in the 
regulation of mitophagy. But all activated signaling pathways 
allow us to state that both have the potential to eliminate 
dysfunctional mitochondria, as they activate AMPK33,36 and 
the latter promotes PINK1 phosphorylation (Ser495) that 
retrieves PARKIN to mitochondria.37 In addition, HTy upre
gulates gene expression of PTEN-induced kinase 1 (PINK1) in 
oleic acid-treated hepatocytes.23 OLP induces mitochondrial 
fission over fusion by increasing dynamin related-protein 
(DRP1), while MFN2 was decreased.29 In this study, Sun 
et al. consider that the recovering of mitochondrial proteins 
is due to an attenuation of mitochondrial degradation despite 
the OLP-induced DRP1.29 Indeed, these finding were corro
borated by another report, where a blockade of excessive 
mitochondrial fragmentation through the inhibition of 
DRP1 activity by OLP was described.38

In contrast to above mentioned, OLP has been reported to 
provoke a mitochondrial membrane potential loss in breast 
and ovarian cancer cells, and to significantly enhance the 
mitochondrial ROS production.39 OLP (150 µM) exerts 
a selective toxicity via the inhibition of AKT pathway, in non- 
small-cell lung cancer (NSCLC), mediated by the increase of 
SOD2.40 OLP affects cell proliferation in several cancer cell 
models such as breast, lung, pancreas, ovarian by inhibiting 
the AKT pathway and activating the intrinsic apoptotic path
way in two different mechanisms either reducing or increasing 
ROS levels. So, despite the decrease of superoxide anion, OLP 
elicits apoptosis through an interaction between the mitochon
drial glyoxalase 2 and Bax proteins.40

Protective effect of oleuropein

The cytoprotective effect of OLP and its metabolite is associated 
with the reduction of proteins aggregates toxicity,41 the attenua
tion of oxidative stress26 and even pro-oxidant,39 the improve
ment of neuronal function,42 and the autophagy-induced cell 
death in cancer cells. All these effects highlight the versatile role 
of OLP, its potential to protect in different ways and under 
varying cellular conditions. HTy reduce H2O2-induced DNA 
damage and cell death. However, while the cytoprotective effect 
of HTy is related to autophagy, the nucleic acid protection is due 
to its antioxidant effect.35 Meanwhile, OLP protects against 
tyramine-induced oxidative stress in cardiomyocytes by restor
ing autophagy flux through TFEB activation.19 In fact, the over
activation of monoamineoxidase A inhibits autophagy in 
tyramine-treated cardiomyocytes, which trigger an accumulation 

Figure 2. Oleuropein-Induced autophagy. Oleuropein induces autophagy by activating AMPK (phosphor-AMPK Thr172) and inhibiting mTOR. Administration of 
oleuropein improves autophagosome formation and lysosome acidification, which promotes decreased generation of reactive oxygen species (ROS) through the 
clearance of damaged mitochondria (called mitophagy).
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of dysfunctional mitochondria, increasing ROS generation and 
necrosis. In TgCRND8 mice (Alzheimer disease model)20 and 
rotenone-treated Caenorhabditis elegans,43 OLP improves move
ment behavior and decreases the amyloid plaques via the inhibi
tion of mTOR and the activation of AMPK.20 In the case of 
Ischemia/reperfusion injury (IRI), OLP exerts its neuroprotec
tive effect by increasing cognitive function, neurotrophic factors 
and protecting against apoptotic neuronal death through the 
activation of AKT pathway.44 However, other studies attribute 
the neuroprotective effect of OLP, in 6-OHDA-induced apopto
sis in neuronal PC12 cells,45 to its anti-oxidative property fol
lowed by a decrease in the level of the pro-apoptotic BAX 
protein25 excluding the role of autophagy.

Metabolic changes

OLP is considered a caloric-restriction mimetic because of its 
ability to modulate the AMPKα/SIRT1/mTOR pathway. 
AMPKα and SIRT1 positively regulate autophagy, in contrary 
to AKT/mTOR pathway.46 Beyond autophagy, the activation 
of AMPK (phosphor-AMPKα Thr172) inhibits via phosphor
ylation the Acetyl-CoA carboxylase (ACC, phosphor-ACC 
Ser79), which triggers the β-oxidation of fatty acid in 
mitochondria.29 Accordingly, hepatic mitochondrial dysfunc
tion leads to abnormal lipid metabolism. Likewise, a high-fat 
diet is prone to induce damaged mitochondria, driving 
a lower ATP content, an increase of triacyglycerols and 
cholesterol.26,40 HTy reduces the gene expression of fatty 
Acid Synthase (FASN) and increases those of PPARα, carni
tine palmitoyltransferase −1 (CPT1),33 that is likely to induce 
fatty acid oxidation and to attenuate lipid accumulation in 
Fish (M. amblycephala) fed high-fat diet26 as well as in 3T3- 
L1 adipocytes and enhance the oxygen consumption rate.33 

On the other hand, OLP activated-AMPKα/ACC signaling 
increases glucose uptake in C2C12 cells. Most importantly, 
OLP does not hinder the regulatory function of insulin 
regarding glucose metabolism in these myotubes, and further 
boosts the redistribution of the glucose transporter-4 
(GLUT4) to cell membrane.16 However, in BRAF melanoma 
cells, 200 µM OLP inhibits the glycolytic metabolism of pri
mary and metastatic melanoma cells, downregulating the 
expression of GLUT1, pyruvate kinase 2 and monocarboxy
late transporter 4 (MCT4).47 The beneficial effects of OLP on 
glucose and lipid metabolism sustain mitochondrial respira
tion and cellular energy demand in order to cope with 
induced or generated oxidative stress. OLP and/or HTy 
improve metabolic homeostasis through the mitochondrial 
function that is intimately regulated by the induction of 
mitochondrial biogenesis and mitophagy.

Conclusions

There is currently no clear evidence of the efficacy of these olive 
oil phenolic compounds. Not because they do not have healthy 
properties, but for the reason that there are no conclusive data. 
It is very difficult to demonstrate and find a single nutrient that 
acts specifically in many diseases, including cancer and neuro
degenerative diseases, that develop over several years and where 

multiple variables such as lifestyle habits (physical activity, 
smoking . . .) and genetic predispositions have a great influence.

Abbreviations

ANSI American National Standards Institute
CMS Centers for Medicare and Medicaid Services
HCPCS Healthcare Common Procedure Coding System
ISO International Organization for Standardization
RESNA Rehabilitation Engineering and Assistive Technology 

Society of North America
VGM Van G. Miller Group
WMS wheeled mobility and seating
WRR Wheelchair Repair Registry

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This research was supported by the “Instituto de Salud Carlos” III 
CIBERNED [CB06/05/0041] and partially supported by the “Fondo 
Europeo de Desarrollo Regional” (FEDER) from the European Union. 
M. B-B was supported by a collaboration grant from the Ministerio de 
Educación y Formación Profesional, Spain. A. C-F is supported by a grant 
(IB20031 from the Junta de Extremadura, Spain. S. C-C and E.U-C are 
supported by a FPU fellowship [FPU19/04435 and FPU16/00684, respec
tively] from the Ministerio de Ciencia, Innovación y Universidades, Spain. 
M. P-B and A.G-B are recipients of fellowships from the “Plan Propio de 
Iniciación a la Investigación, Desarrollo Tecnológico e Innovación 
(University of Extremadura). E. A-C is supported by a pre-doctoral fellow
ship of Valhondo Calaff Foundation. G. M-C was supported by University 
of Extremadura (ONCE Foundation). G. D-G is supported by the 
Consejería de Educación y Empleo-SEXPE-Fondo Social Europeo [TE- 
0031-19]. P. G-S, was funded by “Juan de la Cierva Incorporación” 
Program [IJC2019-039229-I], Spain. M.N-S was funded by the “Ramon 
y Cajal” Program [RYC-2016–20883], Spain. S.M.S.Y-D was supported by 
CIBERNED [CB06/05/0041].

ORCID

José M. Fuentes http://orcid.org/0000-0001-6910-2089
Rosa A. González-Polo http://orcid.org/0000-0002-0163-2953
Sokhna M. S. Yakhine-Diop http://orcid.org/0000-0002-4868-3352

References

1. Davis C, Bryan J, Hodgson J, Murphy K. Definition of the 
Mediterranean Diet; a literature review. Nutrients. 
2015;7:9139–9153. doi:10.3390/nu7115459.

2. Scotece M, Conde J, Abella V, Lopez V, Pino J, Lago F, Smith AB, 
Gómez-Reino JJ, Gualillo O, et al. New drugs from ancient natural 
foods. Oleocanthal, the natural occurring spicy compound of olive 
oil: a brief history. Drug Discov Today. 2015;20(4):406–410. 
doi:10.1016/j.drudis.2014.10.017.

3. Estruch R, Ros E, Salas-Salvadó J, Covas M I, Corella D, Arós F, 
Gómez-Gracia E, Ruiz-Gutiérrez V, Fiol M, Lapetra J et al. Primary 
Prevention of Cardiovascular Disease with a Mediterranean Diet 
Supplemented with Extra-Virgin Olive Oil or Nuts. N Engl J Med. 
2018;378(25):e34. doi:10.1056/NEJMoa1800389.

4. Salas-Salvado J, Bulló M, Babio N, Martínez-González MA, 
Ibarrola-Jurado N, Basora J, Estruch R, Covas MI, Corella D, 
Arós F et al. Reduction in the incidence of type 2 diabetes with 

MOLECULAR & CELLULAR ONCOLOGY e2044263-5

https://doi.org/10.3390/nu7115459
https://doi.org/10.1016/j.drudis.2014.10.017
https://doi.org/10.1056/NEJMoa1800389


the Mediterranean diet: results of the PREDIMED-Reus nutrition 
intervention randomized trial. Diabetes Care. 2011;34(1):14–19. 
doi:10.2337/dc10-1288.

5. Agriculture USDOHAHSAUSDO. 2015–2020 dietary guidelines 
for Americans [accessed 2017 Feb 2] http://health.gov/dietarygui 
delines/2015/ .

6. Andrewes P, Busch JL, de Joode T, Groenewegen A, Alexandre H. 
Sensory properties of virgin olive oil polyphenols: identification of 
deacetoxy-ligstroside aglycon as a key contributor to pungency. 
J Agric Food Chem. 2003;51:1415–1420. doi:10.1021/jf026042j.

7. Beauchamp GK, Keast RSJ, Morel D, Lin J, Pika J, Han Q, Lee C-H, 
Smith AB, Breslin PAS, et al. Phytochemistry: ibuprofen-like activ
ity in extra-virgin olive oil. Nature. 2005;437(7055):45–46. 
doi:10.1038/437045a.

8. Yamada M, Ono K, Hamaguchi T, Noguchi-Shinohara M. Natural 
phenolic compounds as therapeutic and preventive agents for 
cerebral amyloidosis. Adv Exp Med Biol. 2015;863:79–94. 
doi:10.1007/978-3-319-18365-7_4.

9. Huang D, Ou B, Prior RL. The chemistry behind antioxidant 
capacity assays. J Agric Food Chem. 2005;53:1841–1856. 
doi:10.1021/jf030723c.

10. Soobrattee MA, Neergheen VS, Luximon-Ramma A, Aruoma OI, 
Bahorun T. Phenolics as potential antioxidant therapeutic agents: 
mechanism and actions. Mutat Res. 2005;579:200–213. 
doi:10.1016/j.mrfmmm.2005.03.023.

11. Galli C, Visioli F. Antioxidant and other activities of phenolics in 
olives/olive oil, typical components of the Mediterranean diet. 
Lipids. 1999;34(S1):S23–26. doi:10.1007/BF02562224.

12. Cicerale S, Conlan XA, Sinclair AJ, Keast RS. Chemistry and health 
of olive oil phenolics. Crit Rev Food Sci Nutr. 2009;49:218–236. 
doi:10.1080/10408390701856223.

13. Parkinson L, Keast R. Oleocanthal, a phenolic derived from virgin 
olive oil: a review of the beneficial effects on inflammatory disease. 
Int J Mol Sci. 2014;15:12323–12334. doi:10.3390/ijms150712323.

14. Cicerale S, Lucas LJ, Keast RS. Antimicrobial, antioxidant and 
anti-inflammatory phenolic activities in extra virgin olive oil. 
Curr Opin Biotechnol. 2012;23:129–135. doi:10.1016/j. 
copbio.2011.09.006.

15. Nediani C, Ruzzolini J, Romani A, Calorini L. Oleuropein, 
a bioactive compound from Olea europaea L., as a potential pre
ventive and therapeutic agent in non-communicable diseases. 
Antioxidants (Basel, Switzerland). 2019;8(12). doi:10.3390/ 
antiox8120578.

16. Hadrich F, Garcia M, Maalej A, Moldes M, Isoda H, Feve B, 
Sayadi S, et al. Oleuropein activated AMPK and induced insulin 
sensitivity in C2C12 muscle cells. Life Sci. 2016;151:167–173. 
doi:10.1016/j.lfs.2016.02.027.

17. Musial C, Siedlecka-Kroplewska K, Kmiec Z, Gorska-Ponikowska 
M. Modulation of autophagy in cancer cells by dietary polyphenols. 
Antioxidants (Basel, Switzerland). 2021;10. doi:10.3390/ 
antiox10010123.

18. Grossi C et al. The polyphenol oleuropein aglycone protects 
TgCRND8 mice against Ass plaque pathology. PLoS One. 2013;8: 
e71702. doi:10.1371/journal.pone.0071702.

19. Miceli C, Santin Y, Manzella N, Coppini R, Berti A, Stefani M, 
Parini A, Mialet-Perez J, Nediani C, et al. Oleuropein Aglycone 
Protects against MAO-A-Induced Autophagy Impairment and 
Cardiomyocyte Death through Activation of TFEB. Oxid Med 
Cell Longev. 2018;2018:8067592. doi:10.1155/2018/8067592.

20. Rigacci S et al. Oleuropein aglycone induces autophagy via the 
AMPK/mTOR signalling pathway: a mechanistic insight. 
Oncotarget. 2015;6:35344–35357. doi:10.18632/oncotarget.6119.

21. Gonzalez-Polo RA, Pizarro-Estrella E, Yakhine-Diop S, Rodríguez- 
Arribas M, Gomez-Sanchez R, Pedro JM, Fuentes J, et al. Is the 
modulation of autophagy the future in the treatment of neurode
generative diseases? 2015;15(21):2152–2174. doi:10.2174/ 
1568026615666150610130645.

22. Galluzzi L et al. Autophagy in malignant transformation and can
cer progression. Embo J. 2015;34:856–880. doi:10.15252/ 
embj.201490784.

23. Gomez-Sanchez R et al. PINK1 deficiency enhances autophagy and 
mitophagy induction. Mol Cell Oncol. 2016;3:e1046579. 
doi:10.1080/23723556.2015.1046579.

24. González-Polo RA et al. The basics of autophagy. In: Maiuri M and 
De Stefano D., editors. Autophagy networks in inflammation. 
Progress in inflammation research. Cham: Springer; 2016. 
doi:10.1007/978-3-319-30079-5_1.

25. Achour I, Arel-Dubeau A-M, Renaud J, Legrand M, Attard E, 
Germain M, Martinoli M-G, et al. Oleuropein prevents neuronal 
death, mitigates mitochondrial superoxide production and mod
ulates autophagy in a dopaminergic cellular model. Int J Mol Sci. 
2016;17(8):1293. doi:10.3390/ijms17081293.

26. Dong YZ, Li L, Espe M, Lu KL, Rahimnejad S. Hydroxytyrosol 
attenuates Hepatic fat accumulation via activating mitochondrial 
biogenesis and autophagy through the AMPK pathway. J Agric 
Food Chem. 2020;68:9377–9386. doi:10.1021/acs.jafc.0c03310.

27. Yakhine-Diop SMS, Rodríguez-Arribas M, Canales-Cortés S, 
Martínez-Chacón G, Uribe-Carretero E, Blanco-Benítez M, 
Duque-González G, Paredes-Barquero M, Alegre-Cortés E, 
Climent V, et al. The parkinsonian LRRK2 R1441G mutation 
shows macroautophagy-mitophagy dysregulation concomitant 
with endoplasmic reticulum stress. Cell Biol Toxicol. 2021. 
doi:10.1007/s10565-021-09617-w.

28. Alegre-Cortes E, Martínez-Chacón G, Fuentes JM, Yakhine-Diop 
SMS. The dual role of necrostatin-1 in Parkinson’s disease models. 
Neural Regen Res. 2021;16:2019–2020. doi:10.4103/1673- 
5374.308080.

29. Sun W, Wang X, Hou C, Yang L, Li H, Guo J, Huo C, Wang M, 
Miao Y, Liu J J, et al. Oleuropein improves mitochondrial function 
to attenuate oxidative stress by activating the Nrf2 pathway in the 
hypothalamic paraventricular nucleus of spontaneously hyperten
sive rats. Neuropharmacology. 2017;113(PtA):556–566. 
doi:10.1016/j.neuropharm.2016.11.010.

30. Gao J, Zou X, Yang L, Feng Z, Liu J. Hydroxytyrosol protects 
against acrolein induced preosteoblast cell toxicity: Involvement 
of Nrf2/Keap1 pathway. J Funct Foods. 2015;19:28–38. 
doi:10.1016/j.jff.2015.09.010.

31. Zheng A, Li H, Xu J, Cao K, Li H, Pu W, Yang Z, Peng Y, Long J, 
Liu J, Feng Z, et al. Hydroxytyrosol improves mitochondrial func
tion and reduces oxidative stress in the brain of db/db mice: role of 
AMP-activated protein kinase activation. Br J Nutr. 2015;113 
(11):1667–1676. doi:10.1017/S0007114515000884.

32. Kikusato M, Muroi H, Uwabe Y, Furukawa K, Toyomizu M. 
Oleuropein induces mitochondrial biogenesis and decreases reac
tive oxygen species generation in cultured avian muscle cells, 
possibly via an up-regulation of peroxisome proliferator-activated 
receptor gamma coactivator-1alpha. Anim Sci J. 
2016;87:1371–1378. doi:10.1111/asj.12559.

33. Hao J, Shen W, Yu G, Jia H, Li X, Feng Z, Wang Y, Weber P, Wertz 
K, Sharman E, et al. Hydroxytyrosol promotes mitochondrial bio
genesis and mitochondrial function in 3T3-L1 adipocytes. J Nutr 
Biochem. 2010;21(7):634–644. doi:10.1016/j.jnutbio.2009.03.012.

34. Yakhine-Diop SMS, Martínez-Chacón G, Uribe-Carretero E, Niso- 
Santano M, González-Polo R, Fuentes J, et al. The paradigm of 
protein acetylation in Parkinson’s disease. Neural Regen Res. 
2019;14(6):975–976. doi:10.4103/1673-5374.250575.

35. Cetrullo S, D’-Adamo S, Guidotti S, Borzi RM, Flamigni F. 
Hydroxytyrosol prevents chondrocyte death under oxidative stress 
by inducing autophagy through sirtuin 1-dependent and - 
independent mechanisms. Biochim Biophys Acta. 
2016;1860:1181–1191. doi:10.1016/j.bbagen.2016.03.002.

36. Andreadou I et al. Oleuropein prevents doxorubicin-induced car
diomyopathy interfering with signaling molecules and cardiomyo
cyte metabolism. J Mol Cell Cardiol. 2014;69:4–16. doi:10.1016/j. 
yjmcc.2014.01.007.

37. Wang B, Nie J, Wu L, Hu Y, Wen Z, Dong L, Zou M-H, Chen C, 
Wang DW, et al. AMPKα2 protects against the development of 
heart failure by enhancing mitophagy via PINK1 phosphorylation. 
Circ Res. 2018;122(5):712–729. doi:10.1161/ 
CIRCRESAHA.117.312317.

e2044263-6 M. BLANCO-BENíTEZ ET AL.

https://doi.org/10.2337/dc10-1288
http://health.gov/dietaryguidelines/2015/
http://health.gov/dietaryguidelines/2015/
https://doi.org/10.1021/jf026042j
https://doi.org/10.1038/437045a
https://doi.org/10.1007/978-3-319-18365-7_4
https://doi.org/10.1021/jf030723c
https://doi.org/10.1016/j.mrfmmm.2005.03.023
https://doi.org/10.1007/BF02562224
https://doi.org/10.1080/10408390701856223
https://doi.org/10.3390/ijms150712323
https://doi.org/10.1016/j.copbio.2011.09.006
https://doi.org/10.1016/j.copbio.2011.09.006
https://doi.org/10.3390/antiox8120578
https://doi.org/10.3390/antiox8120578
https://doi.org/10.1016/j.lfs.2016.02.027
https://doi.org/10.3390/antiox10010123
https://doi.org/10.3390/antiox10010123
https://doi.org/10.1371/journal.pone.0071702
https://doi.org/10.1155/2018/8067592
https://doi.org/10.18632/oncotarget.6119
https://doi.org/10.2174/1568026615666150610130645
https://doi.org/10.2174/1568026615666150610130645
https://doi.org/10.15252/embj.201490784
https://doi.org/10.15252/embj.201490784
https://doi.org/10.1080/23723556.2015.1046579
https://doi.org/10.1007/978-3-319-30079-5_1
https://doi.org/10.3390/ijms17081293
https://doi.org/10.1021/acs.jafc.0c03310
https://doi.org/10.1007/s10565-021-09617-w
https://doi.org/10.4103/1673-5374.308080
https://doi.org/10.4103/1673-5374.308080
https://doi.org/10.1016/j.neuropharm.2016.11.010
https://doi.org/10.1016/j.jff.2015.09.010
https://doi.org/10.1017/S0007114515000884
https://doi.org/10.1111/asj.12559
https://doi.org/10.1016/j.jnutbio.2009.03.012
https://doi.org/10.4103/1673-5374.250575
https://doi.org/10.1016/j.bbagen.2016.03.002
https://doi.org/10.1016/j.yjmcc.2014.01.007
https://doi.org/10.1016/j.yjmcc.2014.01.007
https://doi.org/10.1161/CIRCRESAHA.117.312317
https://doi.org/10.1161/CIRCRESAHA.117.312317


38. Antognelli C, Frosini R, Santolla MF, Peirce MJ, Talesa VN. 
Oleuropein-Induced apoptosis is mediated by mitochondrial 
Glyoxalase 2 in NSCLC A549 cells: a mechanistic inside and 
a possible novel nonenzymatic role for an ancient enzyme. 
Oxid Med Cell Longev. 2019;2019:8576961. doi:10.1155/2019/ 
8576961.

39. Park J, Min J-S, Chae U, Lee JY, Song K-S, Lee H-S, Lee HJ, 
Lee S-R, Lee D-S, et al. Anti-Inflammatory effect of oleuropein 
on microglia through regulation of Drp1-dependent mitochondrial 
fission. J Neuroimmunol. 2017;306:46–52. doi:10.1016/j. 
jneuroim.2017.02.019.

40. Cao K, Xu J, Zou X, Li Y, Chen C, Zheng A, Li H, Li H, Szeto IM, 
Shi Y, et al. Hydroxytyrosol prevents diet-induced metabolic syn
drome and attenuates mitochondrial abnormalities in obese mice. 
Free Radic Biol Med. 2014;67:396–407. doi:10.1016/j. 
freeradbiomed.2013.11.029.

41. Palazzi L, Bruzzone E, Bisello G, Leri M, Stefani M, Bucciantini M, 
Polverino de Laureto P, et al. Oleuropein aglycone stabilizes the 
monomeric α-synuclein and favours the growth of non-toxic aggre
gates. Sci Rep. 2018;8(1):8337. doi:10.1038/s41598-018-26645-5.

42. Benot-Dominguez R, Tupone MG, Castelli V, d'Angelo M, Benedetti 
E, Quintiliani M, Cinque B B, Forte IM, Cifone MG, Ippoliti R, et al. 
Olive leaf extract impairs mitochondria by pro-oxidant activity in 
MDA-MB-231 and OVCAR-3 cancer cells. Biomed Pharmacother. 
2021;134:111139. doi:10.1016/j.biopha.2020.111139.

43. Brunetti G, Di Rosa G, Scuto M, Leri M, Stefani M, Schmitz- 
Linneweber C, Calabrese V, Saul N.H. Healthspan mainte
nance and prevention of Parkinson’s-like phenotypes with 
hydroxytyrosol and oleuropein aglycone in C. elegans. 
2020;21(7):2588.

44. Zhang W, Liu X, Li Q. Protective effects of oleuropein against 
cerebral Ischemia/Reperfusion by inhibiting neuronal 
apoptosis. Med Sci Monit. 2018;24:6587–6598. doi:10.12659/ 
MSM.912336.

45. Pasban-Aliabadi H, Esmaeili-Mahani S, Sheibani V, 
Abbasnejad M, Mehdizadeh A, Yaghoobi MM, et al. Inhibition of 
6-hydroxydopamine-induced PC12 cell apoptosis by Olive (Olea 
europaea L.) leaf extract is performed by its main component 
oleuropein. Rejuvenation Res. 2013;16(2):134–142. doi:10.1089/ 
rej.2012.1384.

46. Martinez-Chacon G, Paredes-Barquero M M, Yakhine-Diop 
SMS, Uribe-Carretero E, Bargiela A, Sabater-Arcis M, 
Morales-García J, Alarcón-Gil J, Alegre-Cortés E, Canales- 
Cortés S et al. Neuroprotective properties of queen bee acid 
by autophagy induction. Cell Biol Toxicol. 2021. doi:10.1007/ 
s10565-021-09625-w.

47. Ruzzolini J, Peppicelli S, Bianchini F, Andreucci E, Urciuoli S, 
Romani A, Tortora K, Caderni G, Nediani C, Calorini L. Cancer 
glycolytic dependence as a new target of olive leaf extract. Cancers 
(Basel). 2020;12(2):317. doi:10.3390/cancers12020317.

MOLECULAR & CELLULAR ONCOLOGY e2044263-7

https://doi.org/10.1155/2019/8576961
https://doi.org/10.1155/2019/8576961
https://doi.org/10.1016/j.jneuroim.2017.02.019
https://doi.org/10.1016/j.jneuroim.2017.02.019
https://doi.org/10.1016/j.freeradbiomed.2013.11.029
https://doi.org/10.1016/j.freeradbiomed.2013.11.029
https://doi.org/10.1038/s41598-018-26645-5
https://doi.org/10.1016/j.biopha.2020.111139
https://doi.org/10.12659/MSM.912336
https://doi.org/10.12659/MSM.912336
https://doi.org/10.1089/rej.2012.1384
https://doi.org/10.1089/rej.2012.1384
https://doi.org/10.1007/s10565-021-09625-w
https://doi.org/10.1007/s10565-021-09625-w
https://doi.org/10.3390/cancers12020317

	Abstract
	The Mediterranean Diet
	Characteristic and composition of olive oil
	Phenolic compounds
	Oleuropein induces autophagy
	Oleuropein and mitochondria
	Protective effect of oleuropein
	Metabolic changes
	Conclusions
	Abbreviations
	Disclosure statement
	Funding
	ORCID
	References

