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Abstract: Background and Objective: The liver is an organ susceptible to a multitude of injuries that 
causes liver damage, like steatosis, non-alcoholic steatohepatitis, cirrhosis, hepatocellular carcinoma, 
and ischemia-reperfusion injury. Extra virgin olive oil (EVOO), presents several protective effects on 
the liver, reducing hepatic steatosis, hepatocyte ballooning, fibrogenesis, preventing lipid peroxidation, 
among other effects. Due to its high levels of monounsaturated fatty acids, mainly oleic acid and phe-
nolic compounds, such as hydroxytyrosol and oleuropein, EVOO is able to participate in the activation 
of different signaling pathways in the hepatocytes involved in the prevention of inflammation, oxida-
tive stress, endoplasmic reticulum stress, mitochondrial dysfunction, and insulin resistance, allowing 
the prevention or resolution of liver damage. The aim of this work is to offer an update of the molecu-
lar effects of EVOO in the liver and its protective properties to prevent the establishment of liver dam-
age through the regulation of different cell-signaling pathways.  

Methods: Searches that considered the effects of EVOO in in vivo and in vitro models, whith emphasis 
in the molecular mechanism of liver tissue damage and prevention and/or treatment of steatosis, stea-
tohepatitis, cirrhosis, hepatocellular carcinoma, and ischemia-reperfusion injury.  

Conclusion: The most relevant molecular effects of EVOO involved in the prevention or resolution of 
liver damage are: (i) Activation of the nuclear transcription factor erythroid-derived 2-like 2 (Nfr2), 
inducing the cellular antioxidant response; (ii) Inactivation of the nuclear transcription factor-�B (NF-
�B), preventing the cellular inflammatory response; and (iii) Inhibition of the PERK pathway, prevent-
ing endoplasmic reticulum stress, autophagy, and lipogenic response.�

Keywords: Extra virgin olive oil, liver damage, protective molecular mechanism, hydroxytyrosol, cell-signaling pathways.  

1. INTRODUCTION  

 The liver is considered as one of the largest organs in the 
human body, playing vital roles in metabolic, digestive, im-
munological, reservoir, and homeostatic functions, the func-
tional unit being the hepatocyte representing about 80% of 
the liver cells in man [1]. Metabolically, the liver performs 
most of the intermediary pathways, biotransformation of 
xenobiotics, and plasma protein biosynthesis, with excretion 
and secretion of several types of biomolecules including 
Kupffer-cell dependent cytokines and hepatokines produced 
by the hepatocytes [2, 3]. The high energy requirements for 
the maintenance of these hepatic functions and cell prolifera-
tion are mainly provided by fatty acid (FA) �-oxidation, 
which make the liver susceptible to O2 availability such as  
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hypoxia [2], pathogens of viral origin, and toxic substances, 
leading to acute or chronic liver damage [4, 5]. In the case of 
chronic alcohol consumption, which promotes lipid peroxi-
dation, necrosis, and eventually liver damage [6], a de-
creased expression and activity of peroxisome proliferator-
activated receptor alpha (PPAR�), involved in FA oxidation, 
and increases in those of sterol regulatory element binding 
protein-2 (SREBP-2) and SREBP-1c is observed, transcrip-
tional factors related to the regulation of cholesterogenic and 
lipogenic enzymes, respectively, thus leading to fat accumu-
lation in the hepatocytes [6]. Also, toxicants such as ben-
zopyrene, carbon tetrachloride (CCl4), and cadmium that 
induce hepatic lipid peroxidation with reduction in the levels 
and activity of superoxide dismutase (SOD) and catalase 
(CAT) significantly enhance the oxidative stress (OS) status 
of the liver [7-9] (Table 1). In addition, metabolic conditions 
such as obesity and insulin resistance (IR) that trigger the 
onset of steatosis, inflammation, and mitochondrial dysfunc-
tion also develop an enhancement in the OS status of the 
liver, allowing tissue damage [10-12]. All of these aggres-
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sions may lead to the development of multiple diseases, such 
as acute and chronic hepatitis, alcoholic fatty liver disease, 
and non-alcoholic fatty liver disease (NAFLD), among  
others.  
 Olive oil is a vegetable product obtained from the meso-
carp of the fruit of the olive tree by a process of cold press-
ing [13]. The product of the first pressing of the olive is the 
extra virgin olive oil (EVOO), which is considered the gold 
standard of edible oils. The EVOO composition is rich in 
monounsaturated fatty acids (MUFAs, 55-83%), mainly 
oleic acid (OA, C18: 1 n-9), followed by 4-20% of polyun-
saturated fatty acids (PUFAs), and 8-14% of saturated fatty 
acids (SFAs) [13].  
  The most abundant triglyceride in olive oil is that con-
taining three oleic acid (OA) molecules [14], the digestion 
of which begins in the stomach by the action of gastric li-
pase. Once in the intestine, the action of various enzymes, 
especially pancreatic lipase, degrades the triglycerides to 
monoglycerides, mixed micelles are formed and absorbed 
through the membrane of enterocytes, where they are re-
esterified into triglycerides to form chylomicrons for trans-
port. About 15% of the absorbed OA is directly transported 
by the portal vein to the liver and 85% passes through the 
lymph [14].  
 1-2% of the weight of EVOO is represented by other 
minor components, including (i) A non-saponifiable (apolar) 
fraction, represented by squalene, triterpenes, sterols, toco-
pherols and pigments, which can be extracted with solvents; 
and (ii) A polar fraction, where phenolic compounds are 
prominent, and to which many beneficial effects on human 
health have been attributed [15] (Fig. 1). The content of 
these components varies according to the type of crop, cli-
mate, maturity of the olive at the time of harvest, and the 
industrial process used to produce EVOO [15]. Among phe-
nolic compounds of EVOO, it is possible to find simple phe-
nols (hydroxytyrosol (HT) and tyrosol) or secoiridoids (de-
rivatives of oleuropein and ligstroside) [16]. After consump-
tion, the secoiridoids are hydrolyzed in the stomach in a 
time-dependent manner, which increases the amount of free 
HT and tyrosol. The main site for the absorption of these 
polyphenols is the small intestine through passive diffusion 
[16], which mainly accumulates in plasma, urine, and liver in 
a dose-dependent manner [17].  
 There is important evidence that indicates that some of 
the components of EVOO, such as OA and polyphenols like 
HT, show protective effects on the liver in various experi-
mental models, especially in cellular cultures and animal 
protocols [18, 19] (Table 1). These components significantly 
diminish hepatic fibrogenesis [6, 20], liver steatosis [19, 21], 
and hepatocyte ballooning, preventing lipid peroxidation in 
rat liver [22] and various other metabolic parameters such as 
IR induced by high fat diets in animal models. These effects 
are associated with the modulation of various enzymatic 
pathways that promote FA oxidation, reduce inflammation 
and OS, and prevent hepatic tissue damage [18, 23]. In view 
of these evidences, the aim of this review was to present an 
update of the molecular effects of EVOO in the liver and its 
protective properties to prevent the establishment of liver 
damage (Fig. 1).  

2. METHODOLOGY 

 The review included various searches that considered the 
effects of EVOO in in vivo and in vitro models, using the 
PubMed database from the National Library of Medicine-
National Institutes of Health and the Sciencedirect database 
from Elsevier. The emphasis of this review was placed in the 
participation of EVOO and its components on the molecular 
mechanism of tissue damage in the liver especially on the 
prevention and/or treatment of steatosis, steatohepatitis, cir-
rhosis, hepatocellular carcinoma, and ischemia-reperfusion 
injury.

3. EVOO PROTECTION IN LIVER DAMAGE 

3.1. EVOO and Hepatic Steatosis 

 Hepatic steatosis is a condition with few associated 
complications, characterized by accumulation of triacyl-
glycerols (TGs) in lipid vacuoles within hepatocytes [24]. 
There are two forms of steatosis, namely, microvesicular 
and macrovesicular, the latter being the most common form 
of TG accumulation in the liver that is characterized by the 
presence of one or two large fat globules displacing the 
nucleus to the edge of the hepatocyte [24, 25]. Different 
molecular events can result in the accumulation of lipids in 
hepatocytes, including (i) Increased lipid uptake in the liver 
due to increased lipolysis in white adipose tissue; (ii) En-
hanced hepatic lipogenesis; (iii) Deficient synthesis and/or 
secretion of very-low density lipoproteins (VLDLs), se-
questering TG and cholesterol in the liver; (iv) Reduction 
of mitochondrial �-oxidation; and (v) Deficiency of periph-
eral lipid storage due to pathologies such as IR, leading to 
TG accumulation in the liver [10].  
 EVOO, rich in MUFAs, has been used for preventive 
and treatment purposes in liver steatosis, both alone [26, 27] 
(Table 1) or in conjunction with other compounds, such as 
n-3 PUFAs especially EPA (C20:5 n-3) and DHA (C22:6 
n-3) [28]. However, there is a dual effect when we referrer 
to OA, considering that different studies in cellular and 
animal models suggest that OA is able to induce or prevent 
steatosis through the attenuation of inflammation and oxi-
dative stress, therefore more studies are needed to elucidate 
this discrepancy [29]. Also, an animal study determined 
that EVOO supplementation did not affect the levels of OA 
in phospholipids from hepatocytes, hence the multiple ef-
fects seen regarding the improvement of the antioxidant 
status in the liver could be attributed to the phenolic frac-
tion of olive oil [30]. EVOO, which is in particular rich in 
polyphenols, decreases FFA-induced steatosis in HepG2 
cells, through reduction in the number and size of fat glob-
ules and TG accumulation [31], and is capable of mitigated 
fat accumulation in mice [32]. A study in high-fat diet 
(HFD) fed rats with hepatic steatosis showed that HT sup-
plementation (10 mg/kg/day) restored PPAR� and carnitine 
palmitoyltransferase 1 (CPT1) levels, with promotion of �-
oxidation. In addition, HT, one of the most effective anti-
oxidants of natural origin and present in EVOO, was able 
to decrease the production of proinflammatory cytokines 
such as TNF-�, which resulted in a histological decrease of 
steatosis and inflammation [18]. 
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3.2. EVOO and Non-Alcoholic Steatohepatitis  

 Non-alcoholic steatohepatitis is a condition characterized 
by the presence of predominantly macrovesicular steatosis 
and lobular and portal inflammation with hepatocyte bal-
looning, with or without fibrosis [33, 34]. EVOO supple-
mentation plays a important role diminishing the inflamma-
tion and OS, preventing the progression of liver damage to 
steatohepatitis [30]; EVOO rich in polyphenols has been able 
to increased the antioxidant parameters in the liver and re-
duces the pro-oxidant ones [30]. HT has important reducing 
effects on inflammation and OS, thus preventing the progres-
sion of liver damage to steatohepatitis. Within the anti-
inflammatory mechanisms of HT, characterized in a human 
cell line of THP-1 monocytes, inhibition of nitric oxide syn-
thase and cyclooxygenase-2 (COX-2) expression was identi-
fied, concomitantly with decreased TNF-� transcription and 
suppression of lipopolysaccharide-dependent nitric oxide 
formation [35]. In addition, HT is able to eliminate reactive 
oxygen species (ROS) and activate the endogenous defense 
system mediated by Nrf2 [21] (Table 1), thus decreasing OS 
that allows the progression to steatohepatitis, with improve-
ment of the general clinical prospect.  

3.3. EVOO and Cirrhosis 

 Hepatic cirrhosis is a chronic disease considered irre-
versible that alters the structure and function of the liver. 
Histopathologically, it is defined as a triad of cellular necro-
sis, fibrosis, and regeneration nodules, hepatic dysfunction 
being the most important clinical manifestation [36]. Cirrho-
sis is the end stage of various chronic liver diseases and a 
terminal phase of liver damage [37], in which fibrosis is 
characterized by increased production of the extracellular 
matrix by the stellate cells and myofibroblasts [38]. An im-
portant number of studies have evaluated the effects of 
EVOO on fibrosis induced by CCl4 administration. Wang et
al. showed that rats intoxicated with CCl4 and fed with 
EVOO had less derangements in the hepatic architecture 
with lower formation of fibrous tissue [7]. EVOO was also 
able to induce decreased lipid peroxidation and expression of 
smooth muscle actin alpha (�-SMA), a protein involved in 

cell structure, thus decreasing fibrosis [7], as also found in 
the CCl4 model [20]. 

3.4. EVOO and Hepatocellular Carcinoma  

 Inflammation and tissue damage generated by liver cir-
rhosis can lead to dysplastic lesions in hepatocytes involving 
DNA damage, which may eventually trigger liver cancer 
[39]. Hepatocellular carcinoma is the most common primary 
liver cancer in adults [40] and hepatic cirrhosis is the most 
important predisposing factor for the development of hepato-
cellular carcinoma [41].  
 Several studies have tested the effect of polyphenols of 
EVOO on different types of cancer [42]. Referred to hepato-
cellular carcinoma, HT was shown to inhibit the enzyme 
xanthine oxidase with reduction in superoxide anion produc-
tion, thus protecting against DNA damage [19] (Table 1). A 
study conducted in cell lines of human hepatocellular carci-
noma showed that HT is able to induce apoptosis and inhibit 
the proliferation of cancer cells by suppressing the activation 
of nuclear factor-�B (NF-�B), a transcription factor involved 
in proinflammatory signaling, with the consequent decrease 
in the transcription of genes regulated by NF-�B [19]. This is 
accomplished by a HT-induced suppression of AKT activa-
tion, which otherwise accelerates the degradation of the in-
hibitor of �B (I�B) and phosphorylates NF-�B-p65 subunit 
promoting the translocation of NF-�B to the nucleus and its 
transcriptional activity [19, 43]. In agreement with these 
views, 10-80 �M of the HT precursor oleuropein present in 
EVOO and added to human hepatoma cell lines showed a 
dose-dependent enhancement in cellular apoptosis, with in-
hibition of cell growth and colony formation, as results of the 
inactivation of the PI3K/AKT pathway [44] (Table 1).  

3.5. EVOO and Ischemia/Reperfusion (I/R) Injury 

 I/R is a condition characterized by a transient or perma-
nent decrease of the blood flow to an organ for a given time 
period, followed by the restoration of blood flow [45]. Dur-
ing ischemia of the liver, the lack of oxygen in the tissue and 
the conversion of the hepatocellular metabolism to anaerobic 

Fig. (1). EVOO components and actions. Bioactive compounds and beneficial effects of EVOO. 
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pathways [46] induce a proinflammatory state that leaves the 
tissue vulnerable to reperfusion [47]. Rapid re-establishment 
of blood flow is necessary to restore the cellular functions 
lost during ischemia, but reperfusion is also capable of initi-
ating a cascade response of OS causing deep injury in hepa-
tocytes [46]. Hepatic injury by I/R is characterized by OS, 
inflammation, and cellular apoptosis [48] (Table 1).  
 There are few studies evaluating the effect of EVOO or 
some of its components on hepatic I/R damage. In this re-
spect, Pan et al. [48] evaluated the effect of HT on an in vivo
mouse model of surgery-induced I/R. HT (10 mg/kg) admin-
istered 4 hours before ischemia achieved (i) Reduced serum 
aspartate transaminase (AST) and alanine transaminase 
(ALT) levels compared to controls; (ii) Diminished cellular 
apoptosis and accumulation of ROS and malondialdehyde 
(MDA) as indicators of oxidative damage; (iii) Attenuation 
of the increase in the inflammatory mediators TNF-�, IL-6, 
and macrophage inflammatory protein 2 (MIP-2) [48]. Fur-
thermore, using an in vitro model of anoxia/reoxygenation in 
an anaerobic chamber, HT (100 �M) decreased the number 
of apoptotic cells and the levels of ROS [48], whereas in I/R 
injury subsequent to liver transplantation or surgical resec-
tion, HT increased the activity of SOD 1 and SOD 2, en-
zymes that undertake superoxide radical elimination thus 
protecting the hepatocyte from oxidative damage [48].  

4. EVOO AND THE MOLECULAR MECHANISMS OF 
HEPATIC PROTECTION  

 The effect of EVOO on hepatocytes from healthy rats, 
compared to refined olive oil lacking polyphenols, but with 
the same fatty acid profile, highlighted the synergistic effect 
of polyphenols on the inhibition of FA release and choles-
terol synthesis [26]. Moreover, oleuropein and HT in particu-
lar (25 �M) inhibited the synthesis of FA and cholesterol 
[47] (Table 1), which is related to the decrease in the enzy-
matic activity of lipogenic acetyl-CoA carboxylase (ACC), 
thus promoting FA �-oxidation [49, 50]. An experimental 
model of NAFLD induced by a HFD showed that EVOO 
reduces glycaemia and insulin resistance due to greater AKT 
phosphorylation and GLUT2 expression in hepatocytes, by 
improving glucose uptake and the approach of the insulin 
receptor to the membrane [51, 52]. Additionally, EVOO (i)
improves lipid metabolism by increasing AMPK phosphory-
lation; (ii) decreases inflammation by lowering TNF-� and 
IL-1 levels; (iii) diminishes the expression of COX-2 and 
lipid peroxidation, thus favoring the integrity of the hepato-
cyte; and (iv) induces PPAR� upregulation and SREBP-1c 
downregulation, with enhancement of FA �-oxidation and 
inhibition of hepatic lipogenesis that decrease the accumula-
tion of TG [32, 51, 53, 54] (Table 1).  
 HT is known to mediate lipid metabolism with reduction 
of the size of the lipid globules and the accumulation of TG 
in the hepatocytes [18]. Molecularly, HT binds to the cyto-
plasmic domain of PPAR� favoring PPAR� heterodimeriza-
tion with 9-cis-RXR [55-57] and the translocation of the 
PPAR�-RXR dimer to the nucleus, binding to the PPAR 
response zone in the promoter region of the target genes 
regulated by this transcription factor [58-60]. Among these 
genes is that coding for CPT-1�, which is involved in the 
transport of FAs to the interior of the mitochondria through 

the carnitine-dependent system that promotes �-oxidation. 
On the other hand, HT also increases the translation of 
ACOX-1, a key peroxisomal enzyme indispensable for the 
oxidation of long hydrocarbon chain FAs [47, 53, 59, 60]. 
Besides, HT triggers ACC phosphorylation through activa-
tion of the AMPK pathway, leading to ACC inactivation, 
which decreases malonyl CoA levels, reduces hepatic CPT-
1� inhibition, favors �-oxidation, and diminishes FA synthe-
sis to attenuate steatosis [50]. By suppressing NF-kB, HT 
reduces inflammation and OS [19], which with the concomi-
tant activation and greater translocation of Nrf2 to the nu-
cleus, HT upregulates the endogenous antioxidant defense 
system that reduces lipid peroxidation and hepatocyte bal-
looning, thus avoiding the progression of liver steatosis to 
steatohepatitis or cirrhosis [18, 19, 21, 23]. Likewise, poly-
phenols from EVOO such as oleuropein (10-80 �M) inhibit 
cell growth and increase cell apoptosis in human hepatoma 
cell lines by inducing (i) The cleavage of caspases, which are 
essential initiators or effectors of cell apoptosis; (ii) Upregu-
lation of the expression of BAX mRNA and protein and 
downregulation of Bcl-2, mitochondrial proteins that are 
involved in apoptosis; and (iii) Reduction in the levels of 
phosphorylated active AKT, favoring apoptosis by suppres-
sion of the PI3K/AKT pathway [44] (Fig. 2).  

5. METABOLIC PATHWAYS MODULATED BY 
EVOO IN THE LIVER  

5.1. Activation of Transcription Factor Nrf2 

 The activation of Nrf2 induces a cellular antioxidant re-
sponse through the gene expression of antioxidant enzymes 
and enzymes involved in cell detoxification, which are capa-
ble of protecting the cell from OS and the related damage it 
produces, both factors being relevant in the progression of 
liver damage. Among the antioxidant enzymes involved are 
(i) Glutathione peroxidase (GPx) and glutathione S-
transferase (GST) involved in the removal of peroxides that 
induce oxidative damage; (ii) Glutathione reductase (GR), 
which reduces oxidized glutathione to reduced glutathione, a 
strong non-enzymatic antioxidant molecule [61-63]. HT, 
known for its antioxidant activity, is able to increase the lev-
els of phosphorylated AKT and ERK in hepatocytes, increas-
ing Nrf2 phosphorylation at serine or tyrosine residues, 
which achieves the dissociation of the Nrf2/Keap1 complex 
that maintains Nrf2 in the cytosol. 
 This increases the translocation of Nrf2 to the nucleus 
where it binds to the antioxidant responsive element (ARE) 
to increase the expression and activity of GPx, GST, and GR, 
resulting in a decrease of the OS status and in the associated 
damage [21, 64]. However, no increase in the activity of 
Nrf2-dependent phase II enzymes was observed in a random-
ized, double-blind study in healthy humans subjected to 5 
and 25 mg HT/day for a week, which could be due to the 
doses or the short time of the treatment [65]. Therefore, more 
studies in humans are needed to verify the possible protec-
tive action of HT (Table 1; Fig. 1). 

5.2. Inactivation of Transcription Factor NF-�B

 NF-kB is a transcription factor that plays a key regulatory 
role in the expression of genes coding for cytokines and for 
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Table 1. Summary of the effects of EVOO and its components on liver protection in different study models.

 References Model Intervention Results/Findings

Pirozzi et al.
2016 [18] 

Animal Spraugue-Dawley male rats were 
divided into three groups: Control 

group, HFD group and HFD with HT
(10 mg/kg/day) 

- � microvesicular steatosis and ballooning  

- Avoid liver inflammation  

- � glycemia, insulin and HOMA index 

- Restoration of PPAR�, CPT1� and FGF21 mRNA levels

- � ACC phosphorylation 

- Prevention of increased TNF-� and IL-6 mRNA 

- � COX-2 expression  

- � Lipid peroxidation and ROS production  

Priore et al.
2015 [26] 

Cellular Hepatocytes of healthy Wistar rats 
were incubated for four hours with 

olive oil high in polyphenols 
(HPOO) or olive oil poor in 

polyphenols. 

- HPOO � FA and cholesterol synthesis  

- HPOO � ACC activity 

Rincon-
Cervera et al.

2016 [30] 

Animal C57BL/6J male mice randomly 
assigned to one of eight groups with 

EVOO supplementation with 
ascending levels of polyphenols: CD;
CD + EVOO I; CD + EVOO II; CD 
+ EVOO III; HFD; HFD + EVOO I; 
HFD + EVOO II; HFD + EVOO III. 

- EVOO supplementation was able to restored DHA levels,
and n6/n3 ratio levels in the liver that was altered by HFD. 

- EVOO � the antioxidant parameters in the liver 
(glutathione, glutathione equivalents and 
glutathione/glutathione disulfide ratio). 

- EVOO III � pro-oxidant parameters (F2-isoprotones and 
TBARS).  

- EVOO III restored to CD values the activity of �5 and 
�6 desaturase in the liver.  

- EVOO � SREBP 1c expression and DNA-binding 
activity.  

- EVOO � SOD, CAT, GPx and GR activity to control 
values.  

- EVOO regulated ACC, FAS and CPT-1 levels altered by 
HFD.  

Valenzuela et 
al. 2017 [32] 

Animal C57BL/6J male mice randomly 
assigned to one of four experimental 
groups: CD (10% Kcal as fat); CD 
supplemented with HT (5 mg/day); 

HFD (60% Kcal as fat); HFD 
supplemented with HT. 

- HT improved serum parameters like triacylglycerol, total 
cholesterol and LDL-cholesterol and markers of insulin 
resistance (Fasting glucose, insulin and HOMA index) in 
HFD mice. 

- HT mitigated the fat accumulation in hepatocytes of HFD
mice, and attenuated the score of steatosis in the same 
group.  

- HT recovered to control values the activity of �-5 and  
�-6 desaturases in the HFD group, also recover control 
values of the mRNA expression of both desaturases that 
was augmented whit HFD.  

- HT reduced both the expression and DNA binding 
activity of SREBP 1-c.  

a) Steatosis 

Priore et al.
2014 [49] 

Cellular Hepatocytes of healthy Wistar rats 
were incubated for two hours with 
HT, tyrosol or oleuropein (Ole). 

- � 50% in lipid synthesis (HT y Ole) 

- � 30% in cholesterol synthesis  

- � 40% of ACC activity (HT y Ole) 

- � Diglyceride acyltransferase (DGAT) and 
Hydroxymethylglutaryl-CoA Reductase (HMGCR) 
activity  

- 40% activation of ACC phosphorylation (HT y Ole) 

- 60% activation of AMPK phosphorylation (HT y Ole) 

Table (1) contd…. 
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 Reference Model Intervention Results/Findings

Lama et al.
2017 [51] 

Animal Male Sprague-Dawley rats were 
divided into four groups based on the
different types of diet: standard diet 
(STD); HFD; HFD containing Olive 
oil without polyphenols (WPOO), 

and HFD containing Polyphenol-rich
virgin olive oil (HPCOO). 

- HPCOO �ALT and TG that were increased by HFD. 

- HPCOO improved the unbalance between pro-
inflammatory (TNF-alpha and IL-1) and anti-inflammatory
mediators (IL-10).  

- HPCOO � TNF-alpha and COX-2 mRNA levels, ROS 
production, and MDA levels.  

Valenzuela, et 
al. 2017 [53] 

Animal C57BL/6J male mice randomly 
assigned to one of four experimental 
groups: CD (10% Kcal as fat); CD 
supplemented with HT (5 mg/day); 

HFD (60% Kcal as fat); HFD 
supplemented whit HT. 

- HT was able to restore the activity of GST and GGT that 
were decrease by HFD. 

- HT improved the effects of HFD on the activity of ACC 
and FAS (both increased by HFD) and CPT-1 (decrease by
HFD).  

- HT recovered the mRNA expression of PPAR�, ACOX-
1 and CPT-1 that were reduced by HFD, and partially 
recover the normal values of gene expression of NF-�B
(increase by HFD). 

- HT achieved a partial recovery of the DNA-binding 
activity of PPAR� (decreased by HFD) and NF-�B
(increased by HFD), and total recover the values of Nrf2 
(decreased by HFD).  

Jurado-Ruiz 
et al. 2017 

[54] 

Animal C57BL/6J male mice randomly 
assigned to standard diet or HFD for 
12 weeks, this last group was then 

divided into: HFD-L (where the main
source of fat is lard); HFD-EVOO 

(main source of fat is EVOO); HFD-
OL (main source of fats is from 

EVOO rich in polyphenols); and R 
group (low fat diet) for 24 weeks. 

- EVOO supplementation groups had more OA in the 
phospholipids in the liver.  

- HFD-OL � cd36 fatty acids transporter expression. 

- HFD-EVOO and HFD-OL � expression of Pnpla3 
(which activated triglyceride hydrolase).  

- HFD-OL group show a trend to augmented the 
expression of PPAR�.

Devi et al.
2008 [8] 

Cellular Male Wistar Albino rats microsomes
were incubated according to one of 

three groups: Vehicle control, 
Benzopyrene treatment (25 uM) and 
olive oil cotreatment (10 �L of olive 

oil). 

Olive oil exposure attenuated the decreased of antioxidant 
enzymes and the increased of lipid peroxidation products 
(effect of benzopyrene). 

Martín et al.
2010 [21] 

Cellular Human cell line HepG2 were 
cultured with HT dissolved in it at 

0.5, 1, 5 and 10 �M.

To evaluated the protective effect of 
HT, after HT treatment t-BOOH was 

added to the plates. 

- � Cell death induced by t-BOOH  

- � GPx, GST and GR activity 

- � GPx, GST and GR mRNA expression levels and 
protein expression 

- � Protein levels of Nrf2 in the nucleus and � in the 
cytosol, therefore � the translocation of Nrf2 

- � AKT and ERK phosphorylated levels � which leads to
translocation of Nrf2 to the nucleus 

Baraldi et al.
2015 [27] 

Animal C57BL/6J male mice were randomly 
divided into four groups: Control 

(corn il; 60% of linoleic acid (LA)); 
Conjugated linoleic fatty acid (CLA) 
group; EVOO (78% of oleic acid) and

CLA + EVOO group for 60 days. 

- EVOO prevented IR 

- EVOO improved lipid profile  

- EVOO prevented the increase in ACC1 and UCP2 
expression  

- Lower production of hydrogen peroxide 

b) Non-
alcoholic 

steatohepatitis 

Crespo et al.
2015 [65] 

Human 21 healthy volunteers between 20 
and 40 years old. Double-blind, 
randomized, placebo-controlled 

study. They tested two HT doses (5 
and 25 mg/day) 

- There was no significant effect on anthropometric 
variables. 

- There were significant time of study and treatment whit 
HT interaction for isoprostanes (marker of oxidation) and 
high-sensitive C-reactive protein (marker of 
inflammation).  

- There were only significant time effect on GST01 and 
GSTP1 levels (phase II enzymes).  

Table (1) contd….. 
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 Reference Model Intervention Results/Findings

Giordano  
et al. 2014 

[72] 

Cellular HepG2 cells were treated with 1 �M
and 5 �M of HT and 100 �M lipoic 

acid and glutathione-ethyl ester 
(GSH) for 24 hours. 

- HT � Reticulum stress markers levels (mRNA levels of 
CHOP and BiP proteins involved in the UPR response).  

c) Cirrhosis 

Wang et al.
2014 [7] 

Animal Fischer male rats were arbitrarily 
divided into four groups: Corn oil 

normal group, olive oil normal 
group, corn oil CCl4 group and olive 

oil CCl4 group. 

CCl4 administration was 
subcutaneous (0.1 mL/100 g body 

weight, 1:1 mixed with soybean oil) 

- Olive oil � CCl4-induced lipid peroxidation, �-SMA 
expression and CCl4-induced fibrosis  

Zhao et al.
2014 [19] 

Cellular Hepatocellular carcinoma human cell 
line HepG2, Hep3B and SK-HEP-1 

Were incubated with HT (at a rising 
dose of 0 – 400 �M) for 48 – 72 

hours. 

- � Cell proliferation  

- � Cell apoptosis: � expression of pro-caspase-3 and �
expression of cleaved PARP 

- � Phosphorylated AKT concentration (dose dependent) 

- Suppression of NF-�B DNA binding activity, expression 
of NF-kB and it regulated genes (Bcl-xL, c-myc, COX-2, 
Cyclin-D1 and VEGF) (dose dependent)  

d) Carcinoma 

Yan et al.
2015 [44] 

Cellular HepG2 and Huh7 human 
hepatocellular carcinoma cell lines 

were treated with different 
concentrations of oleuropein (0, 20, 
40, 60, 80 or 100 �M) for 24 hours. 

- Oleuropein inhibited HepG2 cell growth in a dose-
dependent manner and a reduction in the number of 
colonies formed.  

- Oleuropein induced cell apoptosis through suppression of 
the PI3K/AKT signal pathway.  

e) I/R 

Pan et al.
2013 [48] 

Animal/Cellular Mice had I/R injury induce through 
the clamp of the left and median 

lobule of the liver. Mice were 
administrated with 10 mg/kg of HT 

12 hours before ischemia. 

Anoxia/reoxygenation damage (A/R) 
was induced in mouse hepatocytes. 

Cells were incubated with 25, 50 and 
100 �M of HT 4 hours before anoxia. 

- � AST y ALT 

- � Necrosis focus  

- � ROS and hepatic oxidative damage  

- � TNF�, IL-6 and MIP-2 

- � SOD and CAT activity 

- Inhibition of the decrease in cell viability  

- � ROS 

- Inhibition of the decrease in the expression of SOD1, 
SOD2 and CAT 

Fig. (2). Molecular effects of EVOO in hepatocytes. Molecular pathway’s involved in liver protective effects of EVOO.
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proteins involved in inflammation, cell proliferation, apopto-
sis, angiogenesis, and metastasis among others [66, 67]. NF-
kB can be activated by the stimulation of the AKT pathway, 
i.e., when AKT is phosphorylated. In this scenario, EVOO is 
able to decrease the levels of phosphorylated AKT leading to 
NF-kB inactivation, thus preventing the cellular inflamma-
tory response [19, 64]. A study conducted in hepatocellular 
carcinoma cells revealed that HT decreases AKT phosphory-
lation in a dose-dependently manner, which results in dimin-
ished NF-�B DNA binding and in the transcription of genes 
controlled by this transcription factor, with concomitant in-
duction of apoptosis in the cells [19] (Fig. 1). 

5.3. Inhibition of the PERK Pathway 

 OS-dependent carbonylation of amino acid residues in 
proteins is capable of altering protein folding, which upon 
overloading of unfolded/misfolded proteins constitutes the 
endoplasmic reticulum (ER) stress phenomenon. This proc-
ess is sensed by ER of hepatocytes that triggers an adaptive 
response known as unfolded protein response (UPR), with 
the aim to decrease the load of unfolded proteins [68]. For 
this purpose, three transduction signals accounting for the 
presence of unfolded proteins in the lumen of the organelle 
are activated. (i) Activation of inositol requiring enzyme 1�
(IRE-1�) by oligomerization and autophosphorylation, lead-
ing to the cut in two positions of the X-box binding protein 1 
(XBP1) mRNA; the resulting exons are assembled to gener-
ate an mRNA that encodes for a transcription factor that 
promotes the expression of chaperones and other genes of 
the UPR [69]. (ii) Migration of activating transcription factor 
6� (ATF6�) to the Golgi apparatus, where its transmembrane 
domain is cut off and the n-terminal fragment migrates to the 
nucleus, where it acts as a transcription factor to increase 
protein-folding capacity [70, 71]. (iii) Activation of double-
stranded RNA-dependent protein kinase-like ER kinase 
(PERK), an enzyme that phosphorylates the alpha subunit of 
eIF2, leading to the inactivation of this translational initiation 
factor, thus decreasing protein synthesis that reduces ER 
stress [72-75] (Table 1). When these cellular pathways are 
not sufficient to prevent cell damage and the accumulation of 
misfolded proteins, cellular autophagy is triggered, in addi-
tion to the upregulation of lipogenic transcription factors 
(SREBP-1c, PPAR-�) and enzymes (ACC, diacylglycerol 
acyl transferase 2, stearoyl-CoA desaturase 1) [76].  

CONCLUSION 

 The role of EVOO, especially through HT, is to activate 
the cellular antioxidant enzymatic machinery by increasing 
the activity and translocation to the nucleus of Nrf2. In this 
way, OS decreases or avoids ER stress, thus preventing 
autophagy, the continuous tissue damage generated by the 
accumulation of unfolded proteins, and the lipogenic re-
sponse (Fig. 1).  

LIST OF ABBREVIATIONS 

ACC = Acetyl-CoA carboxylase 
ACOX-1 = Peroxisomal acyl-coenzyme A oxidase 1 
ALT = Alanine transaminase  

A/R = Anoxia/reoxygenation 
ARE = Antioxidant responsive element 
AST = Aspartate transaminase  
ATF6� = Activating transcription factor 6�
CAT = Catalase  
CCl4 = Carbon tetrachloride  
CD = Control diet 
CLA = Conjugated linoleic fatty acid  
COX-2 = Cyclooxygenase-2 
CPT1 = Carnitine palmitoyltransferasa 1  
DGAT = Diglyceride acyltransferase 
DHA = Docosahexaenoic fatty acid 
EPA = Eicosapentaenoic fatty acid 
ER = Endoplasmic reticulum 
EVOO = Extra virgin olive oil  
FA = Fatty acid  
FFA = Free fatty acid  
GPx = Glutathione peroxidase  
GR = Glutathione reductase  
GSG = Glutathione-ethyl ester 
GST = Glutathione S-transferase  
HDF = High fat diet 
HMGCR = Hydroxymethylglutaryl-CoA reductase 
HPCOO = Polyphenols-rich virgin olive oil  
HPOO = High polyphenols olive oil 
HT = Hydroxytyrosol  
IR = Insulin resistence  
I/R = Ischemia-reperfusion  
IRE-1� = Inositol requiring enzyme 1�
LA = Linoleic acid  
MDA = Malondialdehyde  
MIP-2 = Macrophage inflammatory protein 2 
MUFA = Monounsaturated fatty acids  
NAFLD = Non-alcoholic fatty liver disease 
NF-kB = Nuclear factor kappa B  
Nrf2 = Nuclear transcription factor erythroid de-

rived 2-like 2 
OA = Oleic acid  
OLE = Oleuropein 
OS = Oxidative stress  
PERK = Protein kinase-like ER kinase 
PPAR� = Peroxisome proliferator activated receptor 

alpha  
PUFAs = Polyunsaturated fatty acids  
ROS = Reactive oxygen species  
SFAs = Saturated fatty acids  
�-SMA = Smooth muscle actin alpha  
SOD = Superoxide dismutase  
SREBP = Sterol regulatory element binding protein  
STD = Standard diet 
TGs = Triglycerides  
UPR = Unfolded protein response  
VLDL = Very-low density lipoproteins 
WPOO = Olive oil without polyphenols 
XBP1 = X-box binding protein 1  

CONSENT FOR PUBLICATION 
 Not applicable. 



Liver Protective Effects of Extra Virgin Olive Oil Endocrine, Metabolic & Immune Disorders - Drug Targets, 2018, Vol. 18, No. 1    83

CONFLICT OF INTEREST 
 The authors declare no conflict of interest, financial or 
otherwise.

ACKNOWLEDGEMENTS 

 This work was supported by FONDECYT (National 
Fund for Scientific and Technological Development) grant 
number 11140174. 

REFERENCES  
[1] Juza, R.M.; Pauli, E.M. Clinical and surgical anatomy of the liver: 

a review for clinicians. Clin. Anat., 2014, 27, 764-769. 
[2] Fernández, V.; Tapia, G.; Videla, L.A.; Recent advances in liver 

preconditioning: thyroid hormone, n-3 long-chain polyunsaturated 
fatty acids and iron. World J. Hepatol., 2012, 4, 119-128. 

[3] Stefan, N.; Häring, H.-U. The role of hepatokines in metabolism. 
Nat. Rev. Endocrinol., 2013, 9, 144-152.  

[4] American College of Gastroenterology. Available from: 
http://patients.gi.org/topics/viral-hepatitis/ [Accessed March 30, 
2017]. 

[5] Licata, A. Adverse drug reactions and organ damage: The liver. 
Eur. J. Intern. Med., 2016, 28, 9-16. 

[6] Magdaleno, F.; Blajszczak, C.C.; Nieto, N. Key events participat-
ing in the pathogenesis of alcoholic liver disease. Biomolecules, 
2017, 7, 9. 

[7] Wang, H.; Sit, W.H.; Tipoe, G.L.; Wan, J.M. Differential protec-
tive effects of extra virgin olive oil and corn oil in liver injury: a 
proteomic study. Food. Chem. Toxicol., 2014, 74, 131-138. 

[8] Devi, K.P.; Kiruthiga, P.V.; Pandian, S.K.; Archunan, G.; Arun, S. 
Olive oil protects rat liver microsomes against venzo(a)pyrene-
induced oxidative damages: An in vitro study. Mol. Nutr. Food. 
Res., 2008, 52, S95-S102. 

[9] Amamou, F.; Nemmiche, S.; Meziane, R.K.; Didi, A.; Yazit, S.M.; 
Chabane-Sari, D. Protective effect of olive oil and colocynth oil 
against cadmium-induced oxidative stress in the liver of Wistar 
rats. Food. Chem. Toxicol., 2015, 78, 177-184. 

[10] Hernández-Rodas, M.C.; Valenzuela, R.; Videla, L.A. Relevant 
aspects of nutritional and dietary interventions in non-alcoholic 
fatty liver disease. Int. J. Mol. Sci., 2015, 16, 25168-25198. 

[11] Anderson, N.; Borlak, J. Molecular Mechanisms and Therapeutic 
Targets in Steatosis and Steatohepatitis. Pharmacol. Rev., 2008, 60,
311-357. 

[12] Lin, S.; Xiao, K.; Liu, Y.; Su, P.; Chen, P.; Zhang, Y.; Bai, Y.. 
Omega-3 polyunsaturated fatty acids for non-alcoholic fatty liver 
disease (Protocol). Cochrane. Database. Of. Systematic. Reviews.,
2013, 11. Art. No., CD010838. 

[13] AOCS. Available from: http:// lipidlibrary.aocs.org/OilsFats/ con-
tent. cfm?ItemNumber=39458 [Accessed March 8, 2017]. 

[14] Mu, H.; Høy, C.E. The digestion of dietary triacylglycerols. Prog. 
Lipid. Res., 2004, 43, 105-133. 

[15] Lopez, S.; Bermudez, B.; Montserrat-de la Paz, S.; Jaramillo, S.; 
Varela, L.M.; Ortega-Gomez, A.; Abia, R.; Muriana, F.J. Mem-
brane composition and dynamics: a target of bioactive virgin olive 
oil constituents. Biochim. Biophys. Acta, 2014, 1838, 1638-1656. 

[16] Corona, G.; Spencer, J.P.; Dessì, M.A. Extra virgin olive oil phe-
nolics: absorption, metabolism, and biological activities in the GI 
tract. Toxicol. Ind. Health. 2009, 25, 285-293. 

[17] Rodríguez-Morató, J.; Boronat, A.; Kotronoulas, A.; Pujadas, M.; 
Pastor, A.; Olesti, E.; Pérez-Mañá, C.; Khymenets, O.;Fitó, M.; Fa-
rré, M.; de la Torre, R. Metabolic disposition and biological sig-
nificance of simple phenols of dietary origin: hydroxytyrosol and 
tyrosol. Drug. Metab. Rev., 2016, 48, 218-236. 

[18] Pirozzi, C.; Lama, A.; Simeoli, R.; Paciello, O.; Pagano, T.B.; 
Mollica, M.P.; Di Guida, F.; Russo, R.; Magliocca, S.; Canani, 
R.B.; Raso, G.M.; Calignano, A.; Meli, R. Hydroxytyrosol prevents 
metabolic impairment reducing hepatic inflammation and restoring 
duodenal integrity in a rat model of NAFLD. J. Nutr. Biochem.,
2016, 30, 108-115. 

[19] Zhao, B.; Ma, Y.; Xu, Z.; Wang, J.; Wang, F.; Wang, D.; Pan, S.; 
Wu, Y.; Pan, H.; Xu, D.; Liu, L.; Jiang, H. Hydroxytyrosol, a natu-
ral molecule from olive oil, suppresses the growth of human hepa-

tocellular carcinoma cells via inactivating AKT and nuclear factor-
kappa B pathways. Cancer. Lett., 2014, 347, 79-87. 

[20] Lee, D.H.; Han, D.H.; Nam, K.T.; Park, J.S.; Kim, S.H.; Lee, M.; 
Kim, G.; Min, B.S.; Cha, B.S.; Lee, Y.S.; Sung, S.H.; Jeong, H.; Ji, 
H.W.; Lee, M.J.; Lee, J.S.; Lee, H.Y.; Chun, Y.; Kim, J.; Komatsu, 
M.; Lee, Y.H.; Bae, S.H. Ezetimibe, an NPC1L1 inhibitor, is a po-
tent Nrf2 activator that protects mice from diet-induced nonalco-
holic steatohepatitis. Free. Radic. Biol. Med., 2016, 99, 520-532. 

[21] Martín, M.A.; Ramos, S.; Granado-Serrano, A.B.; Rodríguez-
Ramiro, I.; Trujillo, M.; Bravo, L.; Goya, L. Hydroxytyrosol in-
duces antioxidant/detoxificant enzymes and Nrf2 translocation via
extracelular regulated kinases and phosphatidylinositol-3-
kinase/protein kinase B pathways in HepG2 cells. Mol. Nutr. Food. 
Res., 2010, 54, 956-966. 

[22] Ruiz-Gutiérrez, V.; De La Puerta, R.; Catala, A. The effect of tyro-
sol, hydroxytyrosol and oleuropein on the non-enzymic lipid per-
oxidation of rat liver microsomes. Mol. Cell. Biochem., 2001, 217,
35-41. 

[23] Rosillo, M.A.; Sanchez-Hidalgo, M.; Gonzalez-Benjumea, A.; 
Fernandez-Bolaños, J.G.; Lubberts, E.; Alarcón de la Lastra, C. 
Preventive effects of dietary hydroxytyrosol acetate, an extra virgin 
olive oil polyphenol in murine collagen-induced arthritis. Mol. 
Nutr. Food. Res., 2015, 59, 2537-2546. 

[24] Fong, D.G.; Nehra, V.; Lindor, K.D.; Buchman, A.L. Metabolic 
and nutritional considerations in nonalcoholic fatty liver. Hepatol-
ogy., 2000, 32, 3-10.  

[25] Haque, M.; Sanyal, A.J. The metabolic abnormalities associated 
with non-alcoholic fatty liver disease. Best. Pract. Res. Clin. Gas-
troenterol., 2002, 16, 709-731. 

[26] Priore, P.; Caruso, D.; Siculella, L.; Gnoni, G.V. Rapid down-
regulation of hepatic lipid metabolism by phenolic fraction from 
extra virgin olive oil. Eur. J. Nutr., 2015, 54, 823-833. 

[27] Baraldi, F.G.; Vicentini, T.M.; Teodoro, B.G.; Dalalio, F.M.; 
Dechandt, C.R.; Prado, I.M.; Curti, C.; Cardoso, F.C.; Uyemura, 
S.A.; Alberici, L.C. The combination of conjugated linoleic acid 
(CLA) and extra virgin olive oil increases mitocondrial and body 
metabolism and prevents CLA-associated insulin resistance and 
liver hypertrophy in C57BL/6 mice. J. Nutr. Biochem., 2016, 28,
147-154. 

[28] Valenzuela, R.; Espinosa, A.; Llanos, P.; Hernandez-Rodas, M.C.; 
Barrera, C.; Vergara, D.; Romero N.; Pérez. F.; Ruz, M.; Videla, 
L.A. Anti-steatotic effects of an n-3 LCPUFA and extra virgin 
olive oil mixture in the liver of mice subjected to high-fat diet. 
Food Funct., 2016, 7, 140. 

[29] Juárez-Hernández, E.; Chávez-Tapia, N.C.; Uribe, M.; Barbero-
Becerra, V.J. Role of bioactive fatty acids in nonalcoholic fatty 
liver disease. Nutr. J., 2016, 15, 72. 

[30] Rincón-Cervera, M.A.; Valenzuela, R.; Hernandez-Rodas, M.C.; 
Marambio, M.; Espinosa, A.; Mayer, S.; Romero, N.; Barrera, C.; 
Valenzuela, A.; Videla, L.A. Supplementation with antioxidant-
rich extra virgin olive oil prevents hepatic oxidative stress and re-
duction of desaturation capacity in mice fed a high-fat diet: Effects 
on fatty acid composition in liver and extrahepatic tissues. Nutri-
tion, 2016, 32, 1254-1267. 

[31] Hur, W.; Kim, S.W.; Lee, Y.K.; Choi, J.E.; Hong, S.W.; Song, 
M.J.; Bae, S.H.; Park, T.; Um, S.J.; Yoon, S.K. Oleuropein reduces 
free fatty acid-induced lipogenesis via lowered extracellular signal-
regulated kinase activation in hepatocytes. Nutr. Res., 2012, 32,
778-786. 

[32] Valenzuela, R; Echeverria, F; Ortiz. M; Rincón-Cervera, MA; 
Espinosa, A; Hernandez-Rodas, MC; Illesca, P; Valenzuela, A; 
Videla, LA. Hydroxytyrosol prevents reduction in liver activity of 
�-5 and �-6 desaturases, oxidative stress, and depletion in long 
chain polyunsaturated fatty acid content in different tissues of high-
fat diet fed mice. Lipids Health Dis., 2017, 16, 64. 

[33] Chalasani, N.; Younossi, Z.; Lavine, J.E.; Diehl, A.M.; Brunt, 
E.M.; Cusi, K.; Charlton, M.; Sanyal, A.J.; American Gastroen-
terological Association; American Association for the Study of 
Liver Diseases; American College of Gastroenterologyh. The Di-
agnosis and Management of Non-Alcoholic Fatty Liver Disease: 
Practice Guideline by the American Association for the Study of 
Liver Diseases, American College of Gastroenterology, and the 
American Gastroenterological Association Gastroenterology. Gas-
troenterology, 2012, 142, 1592-1609.  



84    Endocrine, Metabolic & Immune Disorders - Drug Targets, 2018, Vol. 18, No. 1 Soto-Alarcón et al.

[34] Ludwig, J.; Viggiano, T.R.; McGill, D.B.; Oh, B.J. Nonalcoholic 
steatohepatitis: Mayo Clinic experiences with a hitherto unnamed 
disease. Mayo. Clin. Proc., 1980, 55, 434-438.  

[35] Zhang, X.; Cao, J.; Zhong, L. Hydroxytyrosol inhibits pro-
inflammatory cytokines, iNOS, and COX-2 expression in human 
monocytic cells. Naunyn. Schmiedeberg’s. Arch. Pharmacol.,
2009, 379, 581-586. 

[36] Pradhan, S.V. Redefining Cirrhosis - a brief review. J. Pathol. 
Nepal., 2013, 3, 491-496. 

[37] Mesejo, A.; Juan, M.; Serrano, A. Cirrosis y encefalopatía 
hepaticas: consecuencias clínico-metabólicas y soporte nutricional. 
Nutr. Hosp., 2008, 23, 8-18.  

[38] Duarte, S.; Baber, J.; Fujii, T.; Coito, A.J. Matrix metalloproteases 
in liver injury, repair and fibrosis. Matrix. Biol., 2015, 44, 147-159. 

[39] Zender, L.; Spector, M.S.; Xue, W.; Flemming, P.; Cordon-Cardo, 
C.; Silke, J.; Fan, S.T.; Luk, J.M.; Wigler, M.; Hannon, G.J.; Mu, 
D.; Lucito, R.; Powers, S.; Lowe, S.W. Identification and valida-
tion of oncogene es in liver cancer using an integrative oncoge-
nomic approach. Cell, 2006, 125, 1253-1267. 

[40] American Society of Clinical Oncology (ASCO).Available from:  
http://www.cancer.net/es/tipos-de-cáncer/cáncer-de-
h%C3%ADgado/introducción [Accessed April 10, 2017].  

[41] Tiniakos, D.; Vos, M.B.; Brunt, E.M. Nonalcoholic Fatty Liver 
Disease: Pathology and Pathogenesis. Annu. Rev. Pathol. Mech. 
Dis., 2010, 5, 145-171. 

[42] Vilaplana-Perez, C.; Auñon, D.; Garcia-Flores, L.A.; Gil-Izquierdo, 
A. Hydroxytyrosol and potential uses in cardiovascular diseases, 
cancer, and AIDS. Front. Nutr., 2014, 27, 1, 18. 

[43] Vivanco, I.; Sawyers, C.L. The phosphatidylinositol 3-Kinase AKT 
pathway in human cancer. Nat. Rev. Cancer., 2002, 2, 489-501.  

[44] Yan, C.M.; Chai, E.Q.; Cai, H.Y.; Miao, G.Y.; Ma, W. Oleuropein 
induces apoptosis via activation of caspases and suppression of 
phosphatidylinositol 3-kinase/protein kinase B pathway in HepG2 
human hepatoma cell line. Mol. Med. Rep., 2015, 11, 4617-4624. 

[45] Real Academia Española. Available from: 
http://dle.rae.es/?id=MCri5PV [Accessed April 10, 2017].  

[46] Visioli, F.; Borsani, L.; Galli, C. Diet and prevention of coronary 
heart disease: the potential role of phytochemicals. Cardiovasc. 
Res., 2000, 47, 419-425. 

[47] Jaeschke, H. Molecular mechanism of hepatic ischemia-reperfusion 
injury and preconditioning. Am. J. Physiol. Gastrointest. Liver. 
Physiol., 2003, 284, G15-G26. 

[48] Pan, S.; Liu, L.; Pan, H.; Ma, Y.; Wang, D.; Kang, K.; Wang, J.; 
Sun, B.; Sun, X.; Jiang, H. Protective effects of hydroxytyrosol on 
liver ischemia/reperfusion injury in mice. Mol. Nutr. Fodd. Res.,
2013, 57, 1218-1227.  

[49] Priore, P.; Siculella, L.; Gnano, G.V. Extra virgin olive oil phenols 
down-regulate lipid synthesis in primary-cultured rat-hepatocytes.
J. Nutr. Biochem., 2014, 25, 683-691. 

[50] Aguilera, C.M.; Gil-Campos, M.; Canete, R.; Gil, A. Alterations in 
plasma and tissue lipids associated with obesity and metabolic syn-
drome. Clin. Sci. (Lond)., 2008, 114, 183-93. 

[51] Lama, A.; Pirozzi, C.; Mollica, M.P.; Trinchese, G.; Di Guida, F.; 
Cavaliere, G.; Calignano, A.; Mattace Raso, G.; Berni Canani, R.; 
Meli, R. Polyphenol-rich virgin olive oil reduces insulin resistance 
and liver inflammation and improves mitocondrial dysfunction in 
high-fat diet fed rats. Mol. Nutr. Food. Res., 2017, 61, 1600418. 

[52] Assy, N.; Nassar, F.; Nasser, G.; Grovoski, M. Olive oil consump-
tion and non-alcoholic fatty liver disease. World. J. Gastroenterol.,
2009, 15, 1809-1815. 

[53] Valenzuela, R; Illesca, P; Echeverria, F; Espinosa, A; Rincón-
Cervera, MÁ; Ortiz, M; Hernandes-Rodas, MC; Valenzuela, A; 
Videla, LA. Molecular adaptations underlying the beneficial effects 
of hydroxytyrosol in the pathogenic alterations induced by a high-
fat diet in mouse liver: PPAR-� and Nrf2 activation, and NF-�B
down-regulation. Food. Funct. 2017, 8, 1526-1537. 

[54] Jurado-Ruiz, E.; Varela, L.M.; Luque, A.; Berná, G.; Cahuana, G.; 
Martinez-Force, E.; Gallego-Durán, R.; Soria, B.; de Roos, B.; 
Romero-Gómez, M.; Martín, F. An extra virgin olive oil rich diet 
intervention ameliorates the nonalcoholic steatohepatitis induced 
by a high-fat "Western-type" diet in mice. Mol. Nutr. Food. Res.
2017, 61. doi: 10.1002/mnfr.201600549.  

[55] MacLaren, L.; Guzeloglu, A.; Michel, F.; Thatcher, W.W. Perox-
isome proliferator-activated receptor (PPAR) expression in cultured 
bovine endometrial cells and response to omega-3 fatty acid, 
growth hormone and agonist stimulation in relation to series 2 pros-
taglandin production. Domest. Anim. Endocrinol., 2006, 30, 155-
169. 

[56] Desvergne, B.; Wahli, W. Peroxisome proliferator-activated recep-
tors: nuclear control of metabolism. J. Clin. Endocrinol. Metab.,
1999, 20, 649-688. 

[57] Escher, P.; Braissant, O.; Basu-Modak, S.; Michalik, L.; Wahli, 
W.; Desvergne, B. Rat PPARs: Quantitative Analysis in Adult Rat 
Tissues and Regulation in Fasting and Refeeding. Endocrinology,
2001, 142, 4195-202. 

[58] Gross, B.; Pawlak, M.; Lefebvre, P.; Staels, B. PPARs in obesity-
induced T2DM; dyslipidaemia and NAFLD. Nat. Rev. Endocrinol.,
2017, 13, 36-49.  

[59] National Center for Biotechnology Information, U.S. National 
Library of Medicine. Gene & Epression, Gene. Availabe from: 
https://www.ncbi.nlm.nih.gov/gene/11430 [Accessed December 9, 
2016].  

[60] National Center for Biotechnology Information, U.S. National 
Library of Medicine. Gene & Epression, Gene. 
https://www.ncbi.nlm.nih.gov/gene/12894 [Accessed December 9, 
2016].  

[61] Lei, X.G.; Cheng, W.H.; McClung, J.P. Metabolic Regulation and 
Function of Glutathione Peroxidase-1. Annu. Rev. Nutr., 2007, 27,
41-61. 

[62] Hayes, J.D.; Flanagan, J.U.; Jowsey, I.R. Glutathione transferases.
Annu. Rev. Pharmacol. Toxicol., 2005, 45, 51-88. 

[63] Argyrou, A.; Blanchard, J.S. Flavoprotein disulfide reductases: 
advances in chemistry and function. Prog. Nucleic. Acid. Res. Mol. 
Biol., 2004, 78, 89-142. 

[64] Echeverria, F; Ortiz, M; Valenzuela, R; Videla, LA. Hydroxytyro-
sol and cytoprotection: A projection for clinical interventions. Int. 
J. Mol. Sci., 2017, 18, 930. 

[65] Crespo, M.C.; Tomé-Carneiro, J.; Burgos-Ramos, E.; Loria Kohen, 
V.; Espinosa, M.I.; Herranz, J.; Visioli, F. One-week administration 
of hydroxytyrosol to humans does not activate Phase II enzymes. 
Pharmacol. Res., 2015, 95-96, 132-137. 

[66] Aggarwal, BB. Nuclear factor-kappaB: the enemy within. Cancer. 
Cell, 2004, 6, 203-208.  

[67] Karin, M. Nuclear factor-kappaB in cancer development and pro-
gression. Nature, 2006, 441, 431-436. 

[68] Kaufman, R. Stress signaling from the lumen of the endoplasmic 
reticulum: coordination of gene transcriptional and translational 
controls. Genes. Dev., 1999, 13, 1211-1233.  

[69] Lee, A.; Iwakoshi, N.; Glimcher, L. XBP-1 regulates a subset of 
endoplasmic reticulum resident chaperone genes in the unfolded 
protein response. Mol. Cell. Biol., 2003, 23, 7448-7459. 

[70] Haze, K.; Yoshida, H.; Yanagi, H.; Yura, T.; Mori, K. Mammalian 
transcription factor ATF6 is synthesized as a transmembrane pro-
tein and activated by proteolysis in response to endoplasmic reticu-
lum stress. Mol. Biol. Cell, 1999, 10, 3787-3799. 

[71] Ye, J.; Rawson, R.; Komuro, R.; Chen, X.; Dave, U. ER stress 
induces cleavage of membrane-bound ATF6 by the same proteases 
that process SREBPs. Mol. Cell, 2000, 6, 1355-1364.  

[72] Giordano, E.; Davalos, A.; Nicod, N.; Visioli, F.. Hydroxytyrosol 
attenuated tunicamycin-induced endoplasmic reticulum stress in 
human hepatocarcinoma cells. Mol. Nutr. Food. Res., 2014, 58,
954-962. 

[73] National Center for Biotechnology Information, U.S. National 
Library of Medicine. Gene & Epression, Gene. 
https://www.ncbi.nlm.nih.gov/gene/9451 (Accessed May 2, 2017).  

[74] Harding, H.; Zhang, Y.; Ron, D. Protein translation and folding are 
coupled by an endoplasmic-reticulum-resident kinase. Nature,
1999, 397, 271-274.  

[75] Lin, J.; Walter, P.; Yen, T. Endoplasmic Reticulum Stress in Dis-
ease Pathogenesis. Annu. Rev. Pathol., 2008, 3, 399-425. 

[76] Zheng, Z.; Zhang, C.; Zhang, K. Role of unfolded protein response 
in lipogenesis. World. J. Hepatol., 2010, 2, 203-207. 


	Liver Protective Effects of Extra Virgin Olive Oil: Interactionbetween Its Chemical Composition and the Cell-signalingPathways Involved in Protection
	Abstract:
	Keywords:
	1. INTRODUCTION
	2. METHODOLOGY
	3. EVOO PROTECTION IN LIVER DAMAGE
	Fig. (1).
	4. EVOO AND THE MOLECULAR
	5. METABOLIC PATHWAYS
	Table 1.
	Fig. (2).
	CONCLUSION
	LIST OF ABBREVIATIONS
	CONSENT FOR PUBLICATION
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES



