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Abstract: With the rising global burden of inflammatory bowel disease (IBD) and the rising costs of
novel biological drugs, there is an increasing need for dietary approaches and functional foods that
could modulate the course of IBD. The Mediterranean diet has proven to be efficacious in managing
chronic inflammatory diseases, and recent studies have also shown its benefits in the setting of IBD.
Since olive oil and its compounds have been shown to provide a considerable anti-inflammatory effect,
in this review, we aim to discuss the latest evidence concerning the impact of olive oil and its bioactive
compounds on IBD. Numerous preclinical studies have exhibited solid evidence on the mechanisms
by which polyphenol-rich extra-virgin olive oil (EVOO) or specific polyphenols like hydroxytyrosol
(HT) provide their anti-inflammatory, antioxidative, antitumour, and microbiota-modulation effects.
Accordingly, several human studies that explored the effects of olive oil on patients with IBD further
confirmed the evidence brought forward by preclinical studies. Nevertheless, there is a need for
larger-scale, multicentric, randomized control trials that would finally elucidate olive oil’s level of
efficacy in modulating the course of IBD.
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1. Introduction

Inflammatory bowel disease (IBD) is a chronic, immune-mediated, multifactorial dis-
ease of the gastrointestinal (GI) tract, with complex aetiology and pathophysiology [1]. The
two main varieties of IBD are ulcerative colitis (UC), which affects the large intestine, and
Crohn’s disease (CD), which can affect any part of the GI tract [1]. Global IBD prevalence
is rising, with IBD incidence mainly increasing in developing nations [2]. Although the
incidence in westernized regions is stabilizing and even decreasing, the prevalence con-
tinues to grow because of a younger age of disease onset and better optimized treatment
strategies with a subsequent reduction in mortality [3]. The current understanding of IBD
pathophysiology is a complex interaction of susceptible genetics, environmental factors
(dietary elements, stress), and gut microbiota, in which the immune response to dietary
factors and intestinal microbes is disrupted [4-6]. The contemporary IBD treatment is com-
prised of anti-inflammatory drugs (salicylates, corticosteroids), immunomodulating drugs
(corticosteroids, azathioprine, 6-mercaptopurine, etc.), and biologic agents (anti-TNF-c,
cytokine-targeted therapy, anti-integrin), as well as surgical procedures that are mostly
reserved for complications and drug-refractory disease [7,8]. In addition, some dietary
treatments like the Exclusive Enteral Nutrition, a specialised liquid nutritional formula, are
being used as a first-line therapy for CD [9,10]. Moreover, there is a growing interest in
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specific nutritional patterns that could potentially modulate the course of IBD, such as the
Paleolithic diet, the Mediterranean diet (MedDiet), the low-fermentable oligosaccharides,
disaccharides, monosaccharides and polyols (FODMAP) diet, the specific carbohydrate-
based diet, the gluten-free diet, and the Groningen anti-inflammatory diet [11-14].

The MedDiet is a traditional dietary pattern that originated in the olive-tree-bearing
regions of the Mediterranean basin. It is defined by high consumption of fruits and vegeta-
bles, legumes, nuts, olive oil, unprocessed cereals, fish, and other seafood; the moderate
consumption of aged cheese and red wine; and the low intake of meat and dairy prod-
ucts [15]. In recent times, the MedDiet and its specific components are increasingly being
researched and used to prevent and manage chronic non-communicable diseases [16-18].
In addition, there is compelling new evidence about the efficacy of various nutraceuti-
cals, such as the polyphenols from natural foods like olive oil and wine, in modulating
IBD [19,20]. Olive oil, and especially extra virgin olive oil (EVOO), with its high content of
mono-unsaturated fatty acids (MUFAs), tocopherols, and polyphenols, is thought to be one
of the main bioactive compounds found in the MedDiet [21].

Therefore, two authors (T.T.K. and M.Kr.) independently performed a literature search
of three electronic databases (PubMed, Scopus, and Web of Science), with the following
search terms used: Olive oil/Extra-virgin olive 0il/EVOO AND polyphenols/phenols/
biophenols AND intestinal inflammation/Inflammatory bowel disease/IBD/ulcerative
colitis/Crohn’s disease. Studies published before 2000 and studies written in a language
other than English were excluded from the analysis. For additional studies, we further
examined reference lists of relevant research papers. Manuscript screening was performed
by checking the title and abstract or reading the full text. We included all the in vitro,
animal, and human studies relevant to this paper’s scope.

Hence, this comprehensive review will discuss the current research regarding the
effects of olive oil and its compounds on IBD. The composition of olive oil and elucidation
of its impact on IBD pathophysiology will be thoroughly described by reviewing the
evidence of in vitro, animal, and human studies.

2. Olive Oil and IBD
2.1. Olive Oil Composition

The benefits of olive oil are traditionally attributed to its high MUFA content, which
represents 80% of olive oil’s total lipid composition [22]. Olive oil is primarily made of
triacylglycerols (99%) and secondarily of free fatty acids, mono- and diacylglycerols, and a
range of other compounds like hydrocarbons, sterols, tocopherols, aliphatic alcohols, and
pigments. In addition, an array of phenolic and volatile compounds is also present [23].
Fatty acid representatives in olive oil are palmitic, palmitoleic, stearic, oleic, linoleic, and
linolenic acids, while eicosanoic, myristic, and heptadecanoic acids are found in trace
amounts [23]. Moreover, the fatty acid compositions often differ depending on the area of
production, its latitude, climate, fruit variety, and the stage of maturation [23]. For example,
Greek, Italian, and Spanish olive oils are generally low in palmitic and linoleic acids, while
they have a high oleic acid content [23]. Considering the phenolic content, olive oil contains
hydroxytyrosol (HT) and tyrosol (Tyr), caffeic acid, p-coumaric acid, vanillic acid, flavones
(apigenin, luteolin, rutin), as well as secoiridoids (oleuropein, ligstroside, oleacein) [22,24].

The differences between EVOO and other more refined types of olive oil are due
to environmental conditions, extraction, and harvesting handlings. Most notably, the
extraction procedure has the most considerable influence on the concentration of phenolic
compounds. EVOO is produced by cold pressing and processing olives, by which the minor
phenolic compounds are preserved. While refined olive oil and EVOO have similar amounts
of MUFA, refined oil has a considerably lower phenolic content and hence fewer beneficial
effects on health [22]. The main polyphenol in EVOO is HT, which has one of the highest
antioxidant capacities of all-natural compounds and has shown antiatherogenic, anticancer,
antidiabetic, and neuroprotective effects [25]. Similarly, oleuropein, which is a precursor
to HT, exerted anti-inflammatory activity and promoted nitric oxide production, with



Nutrients 2022, 14, 757

3of 14

additional evidence of cardioprotective, neuroprotective, anticancer, and lipid-regulating
activity [25,26]. Another polyphenol, oleocanthal, exerts similar health benefits, with anti-
inflammatory properties due to NSAID-like mechanisms of action [27]. The reductions
in cyclooxygenase (COX)-2, metalloprotease, and interleukin 6 (IL6) are thought to be
the leading mechanisms by which olive oil and its biophenols exert anti-inflammatory
activity [20,28]. Hence, the current evidence on the anti-inflammatory properties of olive
oil polyphenols suggests a potential therapeutic benefit for chronic inflammatory diseases
such as IBD.

2.2. Olive Oil and IBD

A rising number of research groups is working to determine the potential positive
effects of olive oil and its components on IBD. Olive oil polyphenols like HT and Tyr
are readily absorbed in the intestine, but have low bioavailability due to the first pass
metabolism and the formation of sulphate and glucuronide conjugates [29-31]. It was
estimated how a standard dose of olive oil found in the MedDiet (50 g) provides about 2 mg
of HT-equivalents per day, where the plasma concentration of olive oil phenols resulting
from such an intake is at most 0.06 umol/L [32]. Therefore, the amount of polyphenols in
the recommended daily dose of olive oil is not sufficient to achieve all the beneficial effects
observed in preclinical studies. However, polyphenols that are not absorbed in the small
intestine arrive in the colon, where the gut microbiota can subsequently metabolize them.
In line with this, studies have shown that molecules such as oleuropein reach the large
intestine as an unmodified compound, and the human colonic microbiota can catabolize
oleuropein into HT [33]. Hence, as a higher content of these bioactive polyphenols is present
in the GI tract, we could expect that they will exhibit a larger local effect and therefore
provide notable benefits in combatting intestinal inflammation, such as that present in IBD.

2.2.1. The Evidence In Vitro

An abnormal immune response of the gut, which leads to an increased release of pro-
inflammatory cytokines, along with an increase in reactive oxygen species (ROS) creation,
represents a crucial event in IBD pathophysiology. Some of the main contributors in this
cascade are TNF-o, COX-2, IL-8, NF-«kB, and iNOS [4,34].

Olive oil biophenols, with their high gut concentrations, can exert a direct antioxidant
effect, while also modulating the intestinal epithelial homeostasis by positively affect-
ing inflammation and the gut microbiota [35]. In a study by Cardeno et al., peritoneal
macrophages isolated from mice were stimulated with LPS and then treated with the un-
saponifiable fraction (UF) of EVOO. UF showed anti-inflammatory and antioxidant effects
by inhibiting the LPS-induced intracellular ROS and nitrite production [36]. In addition,
UF decreased the COX-2 and iNOS protein expression by down-regulating the NF«B signal
pathway and MAPK phosphorylation [36]. Interestingly, another study by the same authors
investigated the in vitro effects of EVOO’s UF on intestinal T cells from IBD patients and
healthy subjects [37]. The presence of UF promoted apoptosis and reduced the activation
of T cells isolated from IBD patients. The frequency of CD69(+) and CD25(+) T cells was
decreased, and IFN-y secretion was reduced [37].

Additionally, another study that researched the effects of HT on murine macrophages
exposed to LPS showed how HT inhibited the production of NO and PGE2 while also
reducing the secretion of other pro-inflammatory cytokines and chemokines like IL-6, TNF-
«, and CXCL10/IP-10 [38]. These effects were in part mediated by inhibiting the NF«xB
pathway, therefore elucidating the molecular basis for HT’s anti-inflammatory activity [38].

Furthermore, in the study by Serra et al., the researchers evaluated the ability of an
EVOO phenolic extract to counter the pro-inflammatory/pro-oxidant effects of dietary
oxysterols in differentiated enterocyte-like cells of a human adenocarcinoma cell line
(Caco-2) [39]. Pre-treatment with EVOO phenolic extract counteracted the increases in
IL-8, IL-6, and iNOS by modulating the MAPK-NF-kB pathway [39]. Similarly, another
study by the same author elucidated the effects of EVOO phenolic extract in ex vivo
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human immune cells treated with oxysterols. While the oxysterol treatment increased
the production of pro-inflammatory cytokines and ROS species, the addition of EVOO
phenols significantly reduced cytokine secretion and inhibited ROS production and MAPK
phosphorylation [40]. Interestingly, analogous findings were reported in studies exploring
the effects of wine polyphenols in modulating gut inflammation [19]. Namely, a study by
Guina et al. demonstrated how wine polyphenols counteracted the aforementioned effect
of oxysterols by inhibiting the NOX1/p38 MAPK/NF«B signalling axis [41]. This shows
how polyphenols from two major parts of the MedDiet, olive oil and wine, provide similar
beneficial anti-inflammatory, antioxidative, and immune-modulatory effects.

Other protective effects of EVOO were also demonstrated in an in vitro model of
alternariol (mycotoxin)-induced cytotoxicity in Caco-2 cells. Alternariol has cytotoxic effects
and leads to increased ROS production, while the addition of EVOO extract had a significant
cytoprotective and antioxidative effect [42]. In a study by Muto et al., the researchers
investigated the ability of EVOO phenolic extract to modulate the inflammatory response
in undifferentiated and differentiated Caco-2 cells that were challenged with LPS or IL-13
in order to mimic intestinal inflammation [43]. In Caco-2 cells treated with LPS (reflecting
early phase of inflammation), the EVOO phenolic extract prevented IL-8 expression and
secretion. On the other hand, in the cells treated with IL-1§3 (reflecting intermediate phase
of inflammation), EVOO inhibited IL-8 promoter activity but led to an increase in IL-8
mRNA stability and protein expression, with the latter mechanism prevailing over the
first one [43]. Thus, it was concluded that EVOO has a complex role in the regulation of
intestinal inflammation by both transcriptional and posttranscriptional mechanisms.

The major polyphenols found in olive oil, HT and Tyr, are both significantly metabolised
in the intestine, and their glucuronide and sulphate metabolites concentrate at the intestinal
level [29]. Serelli et al. explored the effects of HT and Tyr metabolites in Caco-2 cells treated
with LPS [44]. They showed how HT and Tyr metabolites inhibited iNOS expression
and were effective in the inhibition of IkBax degradation, therefore leading to less NF«kB
activity [44]. Moreover, in another study that investigated the effects of olive polyphenols
on intestinal cells, the researchers showed how polyphenols sourced from olive pomace
(usually a by-product of the olive oil industry) also have notable anti-inflammatory ef-
fects [45]. The Caco-2 cells were treated with IL-13, and the addition of aqueous extract of
olive pomace led to a significant reduction in IL-8 secretion in both the basal and inflamed
condition [45]. In addition, a study that investigated the effects of EVOO phenolic extracts
in the setting of Caco-2 cells treated with tert-butyl hydroperoxide (TBH) or a mixture of
oxysterols showed how a preincubation with the phenolic extracts significantly reduces ox-
idative modifications [46]. Similar antioxidative effects of EVOO were produced in another
study, where the researchers investigated the antioxidant properties of fractions obtained
from six Spanish monovarietal EVOOs [47]. They evaluated the antioxidant activity of
EVOOQO's bioaccessible fractions (BF), obtained after in vitro digestion. The in vitro digestion
process increased the total phenolic count and antioxidant activity, while all the studied
EVOO varieties showed a significant reduction in ROS production when incubated with
Caco-2 cells [47].

Olive oil and its phenolic compounds have also proven their benefits in modulating
colorectal carcinogenesis. Gill et al. explored the effects of EVOO phenols on a series
of in vitro systems that modelled important stages of colon carcinogenesis [48]. HT-29
cells were treated with hydrogen peroxide, and a significant anti-genotoxic effect was
observed when the cells were pre-treated with olive oil phenols. The olive oil phenols
also significantly enhanced the barrier function of Caco-2 cells, whereas they reduced
HT115 cell invasion and attachment, thereby demonstrating how they can inhibit several
stages of in vitro colon carcinogenesis [48]. Other studies have additionally displayed
the anticancer effects of HT and its colonic metabolites, namely through cell cycle arrest
and apoptosis [49,50].

After an additional thorough search for studies that are directly related to IBD patients,
to the best of our knowledge, there are two studies that investigated the ex vivo organ
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cultures of mucosal explants from UC and CD patients [20]. In the first study, biopsies were
obtained during colonoscopy from 14 patients with active UC and were immediately placed
in an organ culture chamber and challenged with LPS from Escherichia coli, in the presence
or absence of oleuropein (OLE) [51]. The expression of IL-17 and COX-2 were significantly
lower in samples treated with OLE. Furthermore, the OLE-treated colonic samples showed
signs of mucosal healing, with reduced infiltration of CD3, CD4, and CD20 cells [51]. In the
second study, the researchers first studied the anti-inflammatory effects of olive leaf extract
(0.5-25 mg/kg), which contained more than 80% OLE, in two mice models of colitis (DSS
and DNBS) [52]. Later on, they also evaluated the immunomodulatory effects of an olive
leaf extract in ex vivo colon cultures from CD patients. In both colitis models, the olive
extract reduced the expression of proinflammatory mediators (IL-1(3, TNF-«, and iNOS)
and improved the intestinal epithelial barrier by restoring the expression of ZO-1, MUC-2,
and TFF-3. These effects were confirmed in the ex vivo model from CD patients, where
the olive extract reduced the production of proinflammatory mediators (IL-1, IL-6, IL-8,
and TNF-«) [52].

Overall, the evidence produced through these in vitro studies shows a clear effect of
olive oil phenols on major inflammatory pathways (Figure 1). The commonly observed
effects were inhibition of p38/MAPK, NFkB, and iNOS. Furthermore, a significant antiox-
idative and anticancer ability was also observed. Therefore, in vitro evidence reveals how
olive oil and its phenols can modulate several key points in IBD pathophysiology (Table 1).

Table 1. In vitro studies on olive oil polyphenols and intestinal inflammation.

Study Cell Type Intervention Results
Chiesi et al. Caco-2 cells stimulated EVOO extr}act, } ROS
[42] with alternariol Oleuropein, 1 cytotoxicity
Tyrosol
Mu[t;ﬁt al. Caco-2 cells smlliﬂéged with LPS or EVOO phenolic extract J IL-8 expression and secretion
Serelli et al. . . | degradation of IkBox
[44] Caco-2 cells treated with LPS HT and Tyr metabolites 1 iNOS expression
bi NU[I;ZSI]O etal Caco-2 cells treated with IL-1(3 Polyphenols sourced from olive pomace JIL-8
Incani et al Caco-2 cells treated with tert-butyl
' hydroperoxide (TBH) or a mixture Preincubation with the phenolic extracts J ROS

[46]

of oxysterols

Borges et al.

Six Spanish monovarietal EVOOs (EVOOs’

1 phenolic count and anti-oxidant

[47] Caco-2 cell cultures bioaccessible fractions (BF) after activity
in vitro digestion 1 ROS
Gill et al In vitro model of colon carcinogenesis anti-genotoxic effect
48] & (HT-29 cells treated with hydrogen EVOO phenols 1 barrier function in Caco-2 cells
peroxide, Caco-2 cells, HT115 cells) J HT115 cell invasion and attachment
J COX 2 and IL-17 expression
Larrussa et al. Ex vivo organ culture of mucosal . } infiltration of CD3, CD 4 and
Oleuropein

[51]

explants from UC patients

CD20 cells
1 mucosal healing

Vezza et al.
[52]

Ex vivo colon cultures from CD
patients, DSS and DNBS mice
colitis models

Olive leaf extract

| expression of IL-1f3, TNF-«,
and iNOS
1 epithelial barrier (ZO-1, MUC-2,
and TFF-3)

Abbreviations: EVOO: extra-virgin olive oil, ROS: reactive oxygen species, IkB«: inhibitor of kappa Be, iNOS:
inducible nitric-oxide synthetase, IL-8: interleukin 8, IL-17: interleukin 17, TNF-«: tumour necrosis factor alpha,
COX 2: cyclooxygenase 2, ZO-1: zonula occludes protein 1, MUC-2: mucin 2, TFF-3: intestinal trefoil factor,
| = decrease in, T = increase in.
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4 Oil polyphenols

outer mucus layer

inner mucus layer

INTESTINAL EPITHELIA Leesenaa

Figure 1. Effects of olive oil polyphenols on intestinal homeostasis as shown by in vitro studies.
Abbreviations: ROS: reactive oxygen species, IkBa: inhibitor of kappa Bx, iNOS: inducible nitric-
oxide synthetase, IL-8: interleukin 8, COX 2: cyclooxygenase 2, ZO-1: zonula occludes protein 1,
MUC-2: mucin 2, TFF-3: intestinal trefoil factor.

2.2.2. Evidence from Animal Studies

The evidence gathered from the in vitro studies was further expanded and confirmed
on animal models, mostly on mice and rat models with dextran sulphate sodium (DSS)-
induced colitis. In one study that combined in vitro and animal colitis models, the authors
investigated the influence of medium-chain triglycerides (MCT), olive oil components
(oleic acid and HT), and fish oil (n-3 fatty acids) on colitis modulation [53]. First, they
demonstrated how oleic acid and HT reduce the t-butyl hydroperoxide-induced damage
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on Caco-2 cells, while the MCT exaggerated the damage. Further, they showed how
a combined treatment of cells with eicosapentaenoic acid, docosahexaenoic acid, oleic
acid, and HT had a synergistic effect, leading to larger protective effects and lower IL-8
production. Later, they confirmed these findings in a DSS-colitis rat model, where a fish
oil and olive oil combination led to a significant attenuation of DSS-induced alterations.
On the other hand, the MCT group exhibited more disease activity, with higher levels of
inflammatory cytokines in the colon [53].

Sanchez-Fidalgo et al. studied the influence of an EVOO diet enriched with HT in
a chronic mouse DSS-colitis model [54]. The mice were randomized into three groups:
standard diet, EVOO, and EVOO enriched with HT. Mice that were fed a diet with EVOO
had considerably better histological signs, improved disease activity index, as well as a
50% reduction in mortality caused by DSS. Additionally, HT supplementation produced
better results than EVOO alone, with a better histological index and a larger reduction
in iNOS levels. In both EVOO and EVOO + HT groups, the levels of TNF-«, iNOS,
and p38MAPK activation were reduced, whereas the IL-10 (anti-inflammatory cytokine)
was significantly increased [54].

Similarly, another study on chronic colitis in mice, which analysed the effects of
EVOO enriched with polyphenols, reported similar results; the disease activity index,
cell proliferation, as well as MCP-1, TNF-o, COX-2 and iNOS expression levels were all
significantly reduced [55]. Notably, the mechanisms behind the anti-inflammatory effects
exhibited by the treatment group were elucidated by a marked down-regulation in JNK
phosphorylation, with IkBx and PPARy up-regulation [55]. Further investigation by the
same research group analysed the effects of EVOO’s unsaponifiable fraction (UF) on the
acute ulcerative colitis model in mice [56]. The mice were randomized into three groups of
20. One group of mice was fed sunflower oil (SD), while the others were fed with an EVOO
diet or a UF-enriched SD at 5% oil (SD+UF). The histological score and disease activity
index were significantly improved in both EVOO and SD+UF dietary groups versus the SD
group. Additionally, both groups achieved a significant reduction in MCP-1 and TNF-«
levels, iNOS, COX-2, and p38 MAPK exhibited lower expression and activity, and IkB
expression was augmented [56].

Likewise, in a study by Takashima et al., the authors demonstrated the benefits of an
EVOO diet in a rat model of chronic DSS-induced colitis [57]. The rats were divided into
three groups: (1) control group (no DSS), (2) DSS group on a standard diet, (3) DSS group
on EVOO diet. The EVOO diet significantly attenuated the expression of inflammatory
factors (STAT3, pSTAT3, COX-2, and iNOS), and it also decreased the levels of cellular
proliferation (measured by PCNA expression). Additionally, the EVOO diet increased
cleaved caspase-3 levels, leading to a recovery of apoptosis [57].

Correspondingly, Carrielo et al. demonstrated the positive effects of EVOO from four
Apulian cultivars on a mouse model of DSS-induced colitis [58]. Administration of EVOO
resulted in improved intestinal morphology, less body weight loss, and reduced rectal
bleeding and IL-13, TGFf3, IL-6 gene expression levels [58]. Furthermore, in a study that
focused on the effects of an EVOO-enriched diet in the setting of DSS-colitis associated
colon carcinogenesis in mice, the researchers found that EVOO-fed mice exhibited less
incidence and multiplicity of tumours than those that were fed with sunflower oil [59]. On
the other hand, Nascimento et al. studied the impacts of EVOO and flaxseed oil (FO) in
a DSS-induced mice model of UC and found no notable benefits of the aforementioned
diets [60]. In this study, eighty 8-week-old C57BL /6] mice were placed into four groups:
Control, 10% EVOO, 10% FO, and 5% EVOO + 5% FO, with the oils supplementing the
AIN-93M diet. Interestingly, there were no differences in disease activity index (DAI),
histopathological score, interleukin (IL)-1B, and iNOS between the DSS and treatment
groups, and the EVOO + FO group even displayed a significant increase in TNF-o levels.
Notably, only IL-6 levels were significantly decreased in the EVOO + FO group [60].

Oleuropein (OLE), a notable anti-inflammatory and antioxidant polyphenol from
olive oil, was investigated in an interesting study by Huguet-Casquero et al. [61]. They
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researched the effects of OLE by itself (OLEsus), and OLE loaded with nanostructured lipid
carriers (NLCs), which have been shown to accumulate in inflamed colonic mucosa. The
compound was first examined in vitro on activated macrophages (J774), where NLC-OLE
was shown to be more efficacious in decreasing the TNF-« secretion and intracellular ROS
levels. Further, in a murine model of acute colitis, both the OLEsus and NLC-OLE groups
showed a significant decrease in MPO activity as well as TNF-« and IL-6 concentration,
but with no differences between the two groups. Strikingly, only the NLC-OLE group
produced a significant decrease in total ROS generation [61]. Moreover, as was reviewed
before, an intrarectal administration of an aqueous solution containing olive oil and HT
reduced the severity of inflammatory damage in a Wistar rat model of TNBS-induced
colitis, with notable safety characteristics, since the treatment did not show any adverse
effect in the animals [20,62].

In an older study, Camuesco et al. examined the effects of dietary olive oil supple-
mented with fish oil (EPA, DHA) in a rat model of DSS-induced colitis [63]. Colitic rats fed
with an olive-oil-based diet had a lower colonic inflammatory response than those fed a
soybean oil diet. At the same time, this effect was also increased with dietary (n-3) PUFA
supplementation. A restoration of colonic glutathione levels was observed in the olive oil
group, along with a decrease in iNOS expression. Moreover, the addition of (n-3) PUFA into
the olive oil diet produced a further significant decrease in TNF-a and LTB-4 levels [63].

Interestingly, one study that investigated EVOO in HLA-B27 transgenic rats with
intestinal inflammation found that EVOO did not influence disease signs like diarrhoea,
myeloperoxidase activity, and mucosal injury [64]. Nevertheless, EVOO did significantly re-
duce TNF-« gene expression in the colon mucosa and decreased total cholesterol blood lev-
els compared to HLA-B27 rats fed with 10% corn oil. The authors argue that the differences
from previous studies that examined EVOO and intestinal inflammation probably arose
from the varied experimental model (genetically driven chronic colitis vs. DSS-induced).
Likewise, the daily dose of HT was only 90 pg/kg bw, which is much lower than the
amount (approximately 400 pug/kg/bw) used in a study by Sanchez-Fidalgo et al. [54,64].

Studies on EVOO and its components have also indicated that EVOO/polyphenols
promote the health of the gut microbiota, acting like a prebiotic to beneficial bacteria like Lac-
tobacillus and Bifidobacterium, which both utilize oleuropein as a carbon source [35,65,66].
Others have shown how EVOO consumption raised the concentrations of Bacteroides spp.,
especially B. fragilis, while hindering the growth of Proteobacteria, Firmicutes, Deferribac-
teres, and Rikenella [65,67-69].

Opverall, the animal studies mostly confirm the evidence from in vitro studies and dis-
play how EVOO and its primary polyphenols like oleuropein and hydroxytyrosol positively
affect intestinal inflammation. The common effects can be summed up in the following
categories: (1) suppression of inflammatory pathways (decrease in(]) COX, | iNOS, |
p38MAPK) and cytokines (| TNF-«, | IL-6), (2) improvement in disease activity index
(DAI), (3) improved histopathological signs, and (4) healthier gut microbiota biodiver-
sity. In addition, a recent systematic review and metanalysis that investigated olive-based
interventions in murine models concluded how statistically significant outcomes, with
moderate-to-large effect sizes, were found for a milder disease expression, better weight
maintenance, and reduced rectal bleeding [70].

However, not all studies have reproduced these benefits. The study from Nascimento et al.
found EVOO did not significantly impact disease prevention and management [60]. Like-
wise, in a study by Bigagli et al., EVOO did not influence disease signs like diarrhoea,
myeloperoxidase activity, and mucosal injury [64]. These differences could arise from
varied compositions of the olive oil used (varied polyphenol content). In addition, some
studies used EVOO enriched with HT and EVOO augmented with UF, therefore boosting
the polyphenolic content, which could be the cause of efficacy [54-56]. Thus, we have to
be very cautious in translating the presented evidence into a real-life clinical setting. An
overview of the animal studies that investigated the effect of the olive oil polyphenols on
intestinal inflammation can be seen in Table 2.
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Table 2. Animal studies on olive oil polyphenols and intestinal inflammation.

Study

Cell Type

Intervention

Results

Reddy et al.
[53]

DSS-colitis rat model, and

Caco-2 cells treated with t-butyl

hydroperoxide

Oleic acid and HT, fish oil, MCT

Synergistic anti-inflammatory
effect between olive oil PP and
fish oil;

MCT increased disease activity

Sanchez-Fidalgo et al.

[54]

Chronic mouse
DSS-colitis model

EVOO diet enriched with HT

| disease activity index
71 histological signs
1 50% reduction in mortality
1 TNF-«, iNOS, and p38MAPK
11L-10

Sanchez-Fidalgo et al.

[55]

Chronic mouse
DSS-colitis model

EVOO enriched with
polyphenols

J MCP-1, TNF-«, COX-2 and
iNOS expression

Sanchez-Fidalgo et al.
[56]

Acute ulcerative colitis model
in mice

EVOO'’s unsaponifiable fraction
(UF)

} MCP-1 and TNF-« levels, iNOS,

COX-2, and p38MAPK
1 IkB expression

Takashima et al.
[57]

Chronic DSS-induced colitis
in rats

EVOO diet
(5% of weight)

J STAT3, pSTAT3, COX-2
and iNOS
| cell proliferation (PCNA)
T apoptosis (caspase-3)

Carrielo et al.
[58]

Mouse model of
DSS-induced colitis

EVOO from 4 Apulian cultivars

1 intestinal morphology
1 body-weight loss
J rectal bleeding
L IL-1B3, TGEB, IL-6
gene expression

Sanchez-Fidalgo et al.

DSS-colitis-associated colon

| incidence and multiplicity

. NS EVOO enriched diet
[59] carcinogenesis in mice of tumours
LIL-6
No differences in disease activity
Nascimento et al. Mouse model of EVOO and flaxseed oil index (DAI), histopathological

[60]

DSS-induced colitis

score, interleukin (IL)-13, and
iNOS between the DSS and
treatment groups

Huguet-Casquero et al.

Activated macrophages (]774),

Oleuropein (OLE) and OLE

[61] murine model of acute colitis loaded VYI'Lih nan(?structured 1 MPO activity, TNF-a and IL-6
lipid carriers
. Intrarectal administration of
Volt[e652;et al. T‘zll;gg;;t mgdelhoé aqueous solution containing | inflammatory infiltrate
uced coltis olive oil and HT
AIN-76 diet containing 10% No differences in disease signs

Bigagli et al. Colitis induced in HLA-B27 corn oil or extra-virgin olive oil . . 18

. N like diarrhoea, myeloperoxidase

[64] transgenic rats with high (EVOO) or low .. ..
phenolic content (ROO) activity, and mucosal injury

Abbreviations: EVOO: extra-virgin olive oil, IL-1B: interleukin 1 beta, TGFB: tumour growth factor B, MPO:
myeloperoxidase, MCP-1: monocyte chemoattractant protein-1, IkB: inhibitor of kappa B, COX 2: cyclooxygenase 2,
DSS: dextran sulphate sodium, TNBS: trinitrobenzenesulfonic acid, MAPK: mitogen activated protein kinase,
TNF-«: tumour necrosis factor alpha, MCT: medium chain triglyceride, HT: hydroxytyrosol, AIN-76: purified
rodent diet, STAT3: signal transducer and activator of transcription 3, PCNA: proliferating cellnuclear antigen,
1l = decrease in, T = increase in.

2.2.3. Evidence from Human Studies

It has been demonstrated how the MedDiet promotes a healthy intestinal microbiota
and modulates the pathogenesis and course of IBD [70-74]. On the other hand, clinical

trials concerning specific parts of the MedDiet, like olive oil, and patients with IBD are
very scarce.
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Morvaridi et al. performed a randomized crossover clinical trial that investigated the
effect of EVOO and canola 0il (CO) in UC patients [75]. Of the forty patients eligible for
the study, thirty-two patients completed both intervention rounds. The patients consumed
50 mL of either EVOO or CO daily for 20 days, followed by a 14 days washout period and
another 20 days of alternate intervention. There was a significant decrease in erythrocyte
sedimentation rate (p = 0.030) and high-sensitivity C-reactive protein (p < 0.001) after
EVOO consumption. Furthermore, EVOO consumption significantly reduced symptoms
like bloating, constipation, faecal urgency, and incomplete defecation, with a significantly
reduced final gastrointestinal symptom rating scale (GSRS) (p < 0.05) [75].

In a recent study performed on ten hypercholesterolemic patients, Martin-Pelaez
et al. investigated the benefits of olive oil phenolic compounds with regards to intestinal
immunity [76]. This was a randomized controlled, double-blind crossover trial, where
during three weeks, the participants ingested 25 mL/day of three raw virgin Olive Oils
(OOs) differing in their polyphenol (PC) concentration and origin, after which there was
a two-week wash-out period. Interestingly, the ingestion of PC-enriched OO containing
500 mg PC/kg increased the proportions of IgA-coated bacteria and led to a small but
statistically significant increase in the plasma levels of CRP (1.4 (0.33, 5.71) to 2.6 (0.51,
13.02)) [76]. While this confirms the ability of olive oil polyphenols to stimulate the intestinal
immune system, it is questionable whether these effects would be detrimental in the setting
of IBD, where the intestinal immunity is already overstimulated.

Another randomized controlled trial from the same authors evaluated the changes in
faecal microbiota after three weeks of ingestion of 25 mL/day of phenolic-enriched virgin
olive oil (VOO) [77]. The results showed a significant increase in beneficial Bifidobacterium,
together with an increase in faecal HT and dihydroxyphenylacetic acids [77].

While olive oil has proven to be an important part of the MedDiet’s efficacy, there
are studies that show the influence of the MedDiet as a whole on patients with IBD. For
instance, Chicco et al. conducted a study on 142 IBD patients (84 UC and 58 CD) who
followed a MedDiet for six months [78]. Adherence to the MedDiet improved BMI and
waist circumference, while it also reduced inflammatory biomarkers, liver steatosis, and
the number of patients with active disease [78].

In a prospective cohort of 25,639 people recruited from the EPIC study (European
Prospective Investigation into Diet and Cancer), it was shown (after 7-11 years of follow-
up), that oleic acid use represents a protective factor for UC incidence, as the highest
tertile of oleic acid intake was inversely associated with UC incidence (OR 0.03, 95% CI
0.002-0.56) [79]. Thus, the study exhibited additional benefits of olive oil in the primary
prevention of UC.

The promising results from the studies mentioned above reproduce some of the effects
seen in animal and in vitro studies, like anti-inflammatory effects, symptom reduction, and
positive microbiota changes [75-77]. However, we must be cautious in translating these
findings to practice. Namely, the amounts of olive oil compounds used in clinical studies
usually overestimate the amount found when olive oil is used as a nutrient. Finally, the
pharmacodynamic and pharmacokinetic properties of the aforementioned compounds
have yet to be established. Nevertheless, as a substantial amount of accumulated data
suggests the safety and, to some extent, the beneficial effects of olive oil, it is well-justified
to perform randomized trials that would confirm these effects and establish the appropriate
dosage/type of olive oil in IBD treatment. An especially interesting aspect would be
to determine the benefits, if there are any, of olive oil in the primary and secondary
prevention of cardiovascular repercussions, as IBD patients are burdened by increased risk
for atherosclerotic cardiovascular disease and venous thromboembolism [80,81].

3. Conclusions and Future Perspectives

This review summarised the current evidence concerning the effects of olive oil and its
specific polyphenols on IBD. Numerous in vitro and animal studies provide solid evidence
of the mechanisms by which olive oil and polyphenols like oleuropein and HT exert their
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antioxidative, anti-inflammatory, immunomodulatory, and anti-tumour effects. A scarcity
of clinical studies performed on patients with IBD showed promising results, with excellent
patient adherence and safety profiles [75]. In addition to the anti-inflammatory effects, the
interventional study by Chicco et al. further extends the benefit spectrum of the MedDiet
in IBD patients (| liver steatosis, | patients with active disease, increase in(1) QoL). It
would be interesting to see if similar interventional trials, with a focus on olive oil and its
polyphenols, could reproduce these results.

All of the accumulated evidence sets the MedDiet, and olive oil specifically, as an
excellent dietary intervention that may supplement standard IBD medications and help
patients in managing their disease. That being said, we still lack large-scale, multicen-
tric, randomized control trials that would finally elucidate olive oil’s level of efficacy in
modulating the course of IBD.

Author Contributions: J.V., ].B., M.V,, D.M. and M.K. (Marko Kumric), conceptualization, original
draft preparation, and supervision; T.T.K., M.K. (Mladen Krnic) and L].T., review of literature and
visualization. All authors contributed to the final draft of the manuscript. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Shen, B. Chapter 1—Introduction and classification of inflammatory bowel diseases. In Atlas of Endoscopy Imaging in Inflammatory
Bowel Disease; Shen, B., Ed.; Academic Press: Cambridge, MA, USA, 2020; pp. 1-8.

2. Kaplan, G.G.; Windsor, ].W. The four epidemiological stages in the global evolution of inflammatory bowel disease. Nat. Rev.
Gastroenterol. Hepatol. 2021, 18, 56—66. [CrossRef] [PubMed]

3. Windsor, ].W,; Kaplan, G.G. Evolving Epidemiology of IBD. Curr. Gastroenterol. Rep. 2019, 21, 40. [CrossRef] [PubMed]

4. Guan, Q. A Comprehensive Review and Update on the Pathogenesis of Inflammatory Bowel Disease. |. Immunol. Res. 2019,
2019, 7247238. [CrossRef] [PubMed]

5. Zivkovic, PM.; Matetic, A.; Hadjina, L.T.; Rusic, D.; Vilovic, M.; Supe-Domic, D.; Borovac, J.A.; Mudnic, I.; Tonkic, A.; Bozic, J.
Serum Catestatin Levels and Arterial Stiffness Parameters Are Increased in Patients with Inflammatory Bowel Disease. J. Clin.
Med. 2020, 9, 628. [CrossRef] [PubMed]

6.  Brnic, D.; Martinovic, D.; Zivkovic, PM.; Tokic, D.; Vilovic, M.; Rusic, D.; Hadjina, I.T.; Libers, C.; Glumac, S.; Supe-Domic,
D.; et al. Inactive matrix Gla protein is elevated in patients with inflammatory bowel disease. World ]. Gastroenterol. 2020, 26,
4866-4877. [CrossRef] [PubMed]

7. Pithadia, A.B.; Jain, S. Treatment of inflammatory bowel disease (IBD). Pharmacol. Rep. 2011, 63, 629-642. [CrossRef]

8. Torres, J.; Bonovas, S.; Doherty, G.; Kucharzik, T.; Gisbert, ].P; Raine, T.; Adamina, M.; Armuzzi, A.; Bachmann, O.; Bager, P.; et al.
ECCO Guidelines on Therapeutics in Crohn’s Disease: Medical Treatment. J. Crohn’s Colitis 2019, 14, 4-22. [CrossRef]

9. Ashton, J.; Gavin, ].; Beattie, R.M. Exclusive enteral nutrition in Crohn’s disease: Evidence and practicalities. Clin. Nutr. 2019, 38,
80-89. [CrossRef]

10. Adamji, M.; Day, A.S. An overview of the role of exclusive enteral nutrition for complicated Crohn’s disease. Intest. Res. 2019, 17,
171-176. [CrossRef]

11. Campmans-Kuijpers, M.J.E.; Dijkstra, G. Food and Food Groups in Inflammatory Bowel Disease (IBD): The Design of the
Groningen Anti-Inflammatory Diet (GrAID). Nutrients 2021, 13, 1067. [CrossRef]

12.  Vrdoljak, J.; Vilovi¢, M; Zivkovi¢, P; Hadjina, L.T.; Rusi¢, D.; Buki¢, J.; Borovac, J.; Bozi¢, . Mediterranean Diet Adherence and
Dietary Attitudes in Patients with Inflammatory Bowel Disease. Nutrients 2020, 12, 3429. [CrossRef] [PubMed]

13.  Popa, S.L.; Pop, C.; Dumitrascu, D.L. Diet Advice for Crohn’s Disease: FODMAP and Beyond. Nutrients 2020, 12, 3751. [CrossRef]
[PubMed]

14. Owczarek, D.; Rodacki, T.; Domagata-Rodacka, R.; Cibor, D.; Mach, T. Diet and nutritional factors in inflammatory bowel diseases.
World |. Gastroenterol. 2016, 22, 895-905. [CrossRef] [PubMed]

15. Trichopoulou, A.; Martinez-Gonzalez, M.A.; Tong, T.Y.; Forouhi, N.G.; Khandelwal, S.; Prabhakaran, D.; Mozaffarian, D.;

de Lorgeril, M. Definitions and potential health benefits of the Mediterranean diet: Views from experts around the world. BMC
Med. 2014, 12, 112. [CrossRef]


http://doi.org/10.1038/s41575-020-00360-x
http://www.ncbi.nlm.nih.gov/pubmed/33033392
http://doi.org/10.1007/s11894-019-0705-6
http://www.ncbi.nlm.nih.gov/pubmed/31338613
http://doi.org/10.1155/2019/7247238
http://www.ncbi.nlm.nih.gov/pubmed/31886308
http://doi.org/10.3390/jcm9030628
http://www.ncbi.nlm.nih.gov/pubmed/32110996
http://doi.org/10.3748/wjg.v26.i32.4866
http://www.ncbi.nlm.nih.gov/pubmed/32921963
http://doi.org/10.1016/S1734-1140(11)70575-8
http://doi.org/10.1093/ecco-jcc/jjz180
http://doi.org/10.1016/j.clnu.2018.01.020
http://doi.org/10.5217/ir.2018.00079
http://doi.org/10.3390/nu13041067
http://doi.org/10.3390/nu12113429
http://www.ncbi.nlm.nih.gov/pubmed/33171662
http://doi.org/10.3390/nu12123751
http://www.ncbi.nlm.nih.gov/pubmed/33291329
http://doi.org/10.3748/wjg.v22.i3.895
http://www.ncbi.nlm.nih.gov/pubmed/26811635
http://doi.org/10.1186/1741-7015-12-112

Nutrients 2022, 14, 757 12 of 14

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Mattioli, A.V.; Palmiero, P.; Manfrini, O.; Puddu, P.E.; Nodari, S.; Cas, A.D.; Mercuro, G.; Scrutinio, D.; Palermo, P.; Sciomer, S.;
et al. Mediterranean diet impact on cardiovascular diseases: A narrative review. J. Cardiovasc. Med. 2017, 18, 925-935. [CrossRef]
Guasch-Ferré, M.; Merino, J.; Sun, Q.; Fit6, M.; Salas-Salvado, J. Dietary Polyphenols, Mediterranean Diet, Prediabetes, and Type
2 Diabetes: A Narrative Review of the Evidence. Oxid. Med. Cell. Longev. 2017, 2017, 6723931. [CrossRef]

Tosti, V.; Bertozzi, B.; Fontana, L. Health Benefits of the Mediterranean Diet: Metabolic and Molecular Mechanisms. J. Gerontol. A
Biol. Sci. Med. Sci. 2018, 73, 318-326. [CrossRef]

Vrdoljak, J.; Kumric, M.; Kurir, T.T.; Males, 1.; Martinovic, D.; Vilovic, M.; Bozic, ]. Effects of Wine Components in Inflammatory
Bowel Diseases. Molecules 2021, 26, 5891. [CrossRef]

LaRussa, T.; Imeneo, M.; Luzza, F. Olive Tree Biophenols in Inflammatory Bowel Disease: When Bitter is Better. Int. J. Mol. Sci.
2019, 20, 1390. [CrossRef]

Urpi-Sarda, M.; Casas, R.; Chiva-Blanch, G.; Romero-Mamani, E.S.; Valderas-Martinez, P.; Arranz, S.; Andres-Lacueva, C,;
Llorach, R.; Medina-Remoén, A.; Lamuela-Raventos, R.M.; et al. Virgin olive oil and nuts as key foods of the Mediterranean diet
effects on inflammatory biomarkers related to atherosclerosis. Pharmacol. Res. 2012, 65, 577-583. [CrossRef]

De Santis, S.; Cariello, M.; Piccinin, E.; Sabba, C.; Moschetta, A. Extra Virgin Olive Oil: Lesson from Nutrigenomics. Nutrients
2019, 11, 2085. [CrossRef] [PubMed]

Blekas, G.; Tsimidou, M.; Boskou, D. Olive Oil Composition. In Olive Oil; AOCS Press: Urbana, IL, USA, 2006.

Bianco, A.; Melchioni, C.; Ramunno, A.; Romeo, G.; Uccella, N. Phenolic components of Olea Europaea—Isolation of tyrosol
derivatives. Nat. Prod. Res. 2004, 18, 29-32. [CrossRef] [PubMed]

Markovi¢, A.K,; Tori¢, ].; Barbari¢, M.; Brala, C.J. Hydroxytyrosol, Tyrosol and Derivatives and Their Potential Effects on Human
Health. Molecules 2019, 24, 2001. [CrossRef] [PubMed]

Virruso, C.; Accardi, G.; Colonna-Romano, G.; Candore, G.; Vasto, S.; Caruso, C. Nutraceutical Properties of Extra-Virgin Olive
Oil: A Natural Remedy for Age-Related Disease? Rejuvenation Res. 2014, 17, 217-220. [CrossRef] [PubMed]

Beauchamp, G.K.; Keast, R.; Morel, D.; Lin, J.; Pika, J.; Han, Q.; Lee, C.-H.; Smith, A.B.; Breslin, P.A.S. Phytochemistry: Ibuprofen-
like activity in extra-virgin olive oil. Nature 2005, 437, 45-46. [CrossRef] [PubMed]

Menicacci, B.; Cipriani, C.; Margheri, F.; Mocali, A.; Giovannelli, L. Modulation of the Senescence-Associated Inflammatory
Phenotype in Human Fibroblasts by Olive Phenols. Int. J. Mol. Sci. 2017, 18, 2275. [CrossRef]

De La Torre, R. Bioavailability of olive oil phenolic compounds in humans. Inflammopharmacology 2008, 16, 245-247. [CrossRef]
Covas, M.I;; Mir6-Casas, E.; Fit6, M.; Farré-Albadalejo, M.; Gimeno, E.; Marrugat, J.; de la Torre, R. Bioavailability of tyrosol, an
antioxidant phenolic compound present in wine and olive oil, in humans. Drugs Exp. Clin. Res. 2003, 29, 203-206.

Fit6, M.; De La Torre, R.; Farré-Albaladejo, M.; Khymenetz, O.; Marrugat, J.; Covas, M.-I. Bioavailability and antioxidant effects of
olive oil phenolic compounds in humans: A review. Ann. Ist. Super. Sanita 2007, 43, 375-381.

Finicelli, M.; Squillaro, T.; Galderisi, U.; Peluso, G. Polyphenols, the Healthy Brand of Olive Oil: Insights and Perspectives.
Nutrients 2021, 13, 3831. [CrossRef]

Corona, G.; Tzounis, X.; Dessi, M.A.; Deiana, M.; Debnam, E.S.; Visioli, E; Spencer, ].P.E. The fate of olive o0il polyphenols in
the gastrointestinal tract: Implications of gastric and colonic microflora-dependent biotransformation. Free Radic. Res. 2006, 40,
647-658. [CrossRef] [PubMed]

Maloy, K.J.; Powrie, F. Intestinal homeostasis and its breakdown in inflammatory bowel disease. Nature 2011, 474, 298-306.
[CrossRef] [PubMed]

Deiana, M.; Serra, G.; Corona, G. Modulation of intestinal epithelium homeostasis by extra virgin olive oil phenolic compounds.
Food Funct. 2018, 9, 4085-4099. [CrossRef] [PubMed]

Cardeno, A.; Sanchez-Hidalgo, M.; Aparicio-Soto, M.; Alarcén-De-La-Lastra, C. Unsaponifiable fraction from extra virgin olive oil
inhibits the inflammatory response in LPS-activated murine macrophages. Food Chem. 2014, 147, 117-123. [CrossRef] [PubMed]
Cardeno, A.; Magnusson, M.; Strid, H.; de La Lastra, C.A.; Sanchez-Hidalgo, M.; Ohman, L. The unsaponifiable fraction of extra
virgin olive oil promotes apoptosis and attenuates activation and homing properties of T cells from patients with inflammatory
bowel disease. Food Chem. 2014, 161, 353-360. [CrossRef] [PubMed]

Richard, N.; Arnold, S.; Hoeller, U.; Kilpert, C.; Wertz, K.; Schwager, ]. Hydroxytyrosol Is the Major Anti-Inflammatory Compound
in Aqueous Olive Extracts and Impairs Cytokine and Chemokine Production in Macrophages. Planta Med. 2011, 77, 1890-1897.
[CrossRef]

Serra, G.; Incani, A.; Serreli, G.; Porru, L.; Melis, M.; Tuberoso, C.I.; Rossin, D.; Biasi, F.; Deiana, M. Olive oil polyphenols reduce
oxysterols-induced redox imbalance and pro-inflammatory response in intestinal cells. Redox Biol. 2018, 17, 348-354. [CrossRef]
Serra, G.; Deiana, M.; Spencer, ]J.P.E.; Corona, G. Olive Oil Phenolics Prevent Oxysterol-Induced Proinflammatory Cytokine
Secretion and Reactive Oxygen Species Production in Human Peripheral Blood Mononuclear Cells, Through Modulation of p38
and JNK Pathways. Mol. Nutr. Food Res. 2017, 61, 1700283. [CrossRef]

Guina, T,; Deiana, M.; Calfapietra, S.; Cabboi, B.; Maina, M.; Tuberoso, C.I.; Leonarduzzi, G.; Gamba, P.; Gargiulo, S.; Testa, G.;
et al. The role of p38 MAPK in the induction of intestinal inflammation by dietary oxysterols: Modulation by wine phenolics.
Food Funct. 2015, 6, 1218-1228. [CrossRef]

Chiesi, C.; Fernandez-Blanco, C.; Cossignani, L.; Font, G.; Ruiz, M. Alternariol-induced cytotoxicity in Caco-2 cells. Protective
effect of the phenolic fraction from virgin olive oil. Toxicon 2015, 93, 103-111. [CrossRef]


http://doi.org/10.2459/JCM.0000000000000573
http://doi.org/10.1155/2017/6723931
http://doi.org/10.1093/gerona/glx227
http://doi.org/10.3390/molecules26195891
http://doi.org/10.3390/ijms20061390
http://doi.org/10.1016/j.phrs.2012.03.006
http://doi.org/10.3390/nu11092085
http://www.ncbi.nlm.nih.gov/pubmed/31487787
http://doi.org/10.1080/1478641031000111570
http://www.ncbi.nlm.nih.gov/pubmed/14974614
http://doi.org/10.3390/molecules24102001
http://www.ncbi.nlm.nih.gov/pubmed/31137753
http://doi.org/10.1089/rej.2013.1532
http://www.ncbi.nlm.nih.gov/pubmed/24219356
http://doi.org/10.1038/437045a
http://www.ncbi.nlm.nih.gov/pubmed/16136122
http://doi.org/10.3390/ijms18112275
http://doi.org/10.1007/s10787-008-8029-4
http://doi.org/10.3390/nu13113831
http://doi.org/10.1080/10715760500373000
http://www.ncbi.nlm.nih.gov/pubmed/16753843
http://doi.org/10.1038/nature10208
http://www.ncbi.nlm.nih.gov/pubmed/21677746
http://doi.org/10.1039/C8FO00354H
http://www.ncbi.nlm.nih.gov/pubmed/30083682
http://doi.org/10.1016/j.foodchem.2013.09.117
http://www.ncbi.nlm.nih.gov/pubmed/24206694
http://doi.org/10.1016/j.foodchem.2014.04.016
http://www.ncbi.nlm.nih.gov/pubmed/24837962
http://doi.org/10.1055/s-0031-1280022
http://doi.org/10.1016/j.redox.2018.05.006
http://doi.org/10.1002/mnfr.201700283
http://doi.org/10.1039/C4FO01116C
http://doi.org/10.1016/j.toxicon.2014.11.230

Nutrients 2022, 14, 757 13 of 14

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Muto, E.; Dell’Agli, M.; Sangiovanni, E.; Mitro, N.; Fumagalli, M.; Crestani, M.; De Fabiani, E.; Caruso, D. Olive oil phenolic
extract regulates interleukin-8 expression by transcriptional and posttranscriptional mechanisms in Caco-2 cells. Mol. Nutr. Food
Res. 2015, 59, 1217-1221. [CrossRef] [PubMed]

Serreli, G.; Melis, M.P.; Corona, G.; Deiana, M. Modulation of LPS-induced nitric oxide production in intestinal cells by
hydroxytyrosol and tyrosol metabolites: Insight into the mechanism of action. Food Chem. Toxicol. 2019, 125, 520-527. [CrossRef]
[PubMed]

Di Nunzio, M.; Picone, G.; Pasini, F.; Caboni, M.E; Gianotti, A.; Bordoni, A.; Capozzi, F. Olive oil industry by-products. Effects of
a polyphenol-rich extract on the metabolome and response to inflammation in cultured intestinal cell. Food Res. Int. 2018, 113,
392-400. [CrossRef] [PubMed]

Incani, A.; Serra, G.; Atzeri, A.; Melis, M.P,; Serreli, G.; Bandino, G.; Sedda, P.; Campus, M.; Tuberoso, C.I.; Deiana, M. Extra virgin
olive oil phenolic extracts counteract the pro-oxidant effect of dietary oxidized lipids in human intestinal cells. Food Chem. Toxicol.
2016, 90, 171-180. [CrossRef]

Borges, T.H.; Cabrera-Vique, C.; Seiquer, I. Antioxidant properties of chemical extracts and bioaccessible fractions obtained from
six Spanish monovarietal extra virgin olive oils: Assays in Caco-2 cells. Food Funct. 2015, 6, 2375-2383. [CrossRef]

Gill, C.L; Boyd, A.; McDermott, E.; McCann, M.; Servili, M.; Selvaggini, R.; Taticchi, A.; Esposto, S.; Montedoro, G.; McGlynn, H.;
et al. Potential anti-cancer effects of virgin olive oil phenolson colorectal carcinogenesis modelsin vitro. Int. ]. Cancer 2005, 117,
1-7. [CrossRef]

Mateos, R.; Caro, G.P; Bacon, ].R.; Bongaerts, R.; Sarria, B.; Bravo, L.; Kroon, P.A. Anticancer Activity of Olive Oil Hydroxytyrosyl
Acetate in Human Adenocarcinoma Caco-2 Cells. J. Agric. Food Chem. 2013, 61, 3264-3269. [CrossRef]

Lopez de las Hazas, M.-C.; Pifiol, C.; Macia, A.; Motilva, M.-]. Hydroxytyrosol and the Colonic Metabolites Derived from
Virgin Olive Oil Intake Induce Cell Cycle Arrest and Apoptosis in Colon Cancer Cells. J. Agric. Food Chem. 2017, 65, 6467—-6476.
[CrossRef]

LaRussa, T.; Oliverio, M.; Suraci, E.; Greco, M.; Placida, R.; Gervasi, S.; Marasco, R.; Imeneo, M.; Paolino, D.; Tucci, L.; et al.
Oleuropein Decreases Cyclooxygenase-2 and Interleukin-17 Expression and Attenuates Inflammatory Damage in Colonic Samples
from Ulcerative Colitis Patients. Nutrients 2017, 9, 391. [CrossRef]

Vezza, T.; Algieri, F.; Rodriguez-Nogales, A.; Garrido-Mesa, J.; Utrilla, M.P,; Talhaoui, N.; Gémez-Caravaca, A.M.; Segura-
Carretero, A.; Rodriguez-Cabezas, M.E.; Monteleone, G.; et al. Immunomodulatory properties of Olea europaea leaf extract in
intestinal inflammation. Mol. Nutr. Food Res. 2017, 61, 1601066. [CrossRef]

Kondreddy, VK.R.; Naidu, K.A. Oleic acid, hydroxytyrosol and n-3 fatty acids collectively modulate colitis through reduction of
oxidative stress and IL-8 synthesis; in vitro and in vivo studies. Int. Immunopharmacol. 2016, 35, 29—42. [CrossRef]
Sanchez-Fidalgo, S.; Sanchez De Ibargtien, L.; Cardeno, A.; Alarcon De La Lastra, C. Influence of extra virgin olive oil diet
enriched with hydroxytyrosol in a chronic DSS colitis model. Eur. J. Nutr. 2011, 51, 497-506. [CrossRef] [PubMed]
Sanchez-Fidalgo, S.; Cardeno, A.; Hidalgo, M.S.; Soto, M.A.; de la Lastra, C.A. Dietary extra virgin olive oil polyphenols
supplementation modulates DSS-induced chronic colitis in mice. J. Nutr. Biochem. 2013, 24, 1401-1413. [CrossRef] [PubMed]
Sanchez-Fidalgo, S.; Cardeno, A.; Hidalgo, M.S.; Soto, M.A.; Villegas, I.; Rosillo, M.A; de la Lastra, C.A. Dietary unsaponifiable
fraction from extra virgin olive oil supplementation attenuates acute ulcerative colitis in mice. Eur. |. Pharm. Sci. 2013, 48, 572-581.
[CrossRef] [PubMed]

Takashima, T.; Sakata, Y.; Iwakiri, R.; Shiraishi, R.; Oda, Y.; Inoue, N.; Nakayama, A.; Toda, S.; Fujimoto, K. Feeding with olive oil
attenuates inflammation in dextran sulfate sodium-induced colitis in rat. J. Nutr. Biochem. 2014, 25, 186-192. [CrossRef]
Cariello, M.; Contursi, A.; Gadaleta, R.M.; Piccinin, E.; De Santis, S.; Piglionica, M.; Spaziante, A.E; Sabba, C.; Villani, G,;
Moschetta, A. Extra-Virgin Olive Oil from Apulian Cultivars and Intestinal Inflammation. Nutrients 2020, 12, 1084. [CrossRef]
Sanchez-Fidalgo, S.; Villegas, I.; Cardeno, A ; Talero, E.; Sanchez-Hidalgo, M.; Motilva, V.; De La Lastra, C.A. Extra-virgin olive
oil-enriched diet modulates DSS-colitis-associated colon carcinogenesis in mice. Clin. Nutr. 2010, 29, 663-673. [CrossRef]

do Nascimento, R.D.P,; Lima, A.V.; Oyama, L.M.; Paiotti, A.PR.; Cardili, L.; Martinez, C.A.R.; Pereira, J.A.; Silva, M.F;
Garofolo, 1.C.; Silveira, V.L.E; et al. Extra virgin olive oil and flaxseed oil have no preventive effects on DSS-induced acute
ulcerative colitis. Nutrients 2020, 74, 110731. [CrossRef]

Huguet-Casquero, A.; Xu, Y.; Gainza, E.; Pedraz, ].L.; Beloqui, A. Oral delivery of oleuropein-loaded lipid nanocarriers alleviates
inflammation and oxidative stress in acute colitis. Int. . Pharm. 2020, 586, 119515. [CrossRef]

Voltes, A.; Bermudez, A.; Rodriguez-Gutiérrez, G.; Reyes, M.L.; Olano, C.; Fernandez-Bolafos, J.; de la Portilla, F. Anti-
Inflammatory Local Effect of Hydroxytyrosol Combined with Pectin-Alginate and Olive Oil on Trinitrobenzene Sulfonic Acid-
Induced Colitis in Wistar Rats. J. Investig. Surg. 2020, 33, 8-14. [CrossRef]

Camuesco, D.; Galvez, ].; Nieto, A.; Comalada, M.; Rodriguez-Cabezas, M.E.; Concha, A.; Xaus, J.; Zarzuelo, A. Dietary Olive Oil
Supplemented with Fish Oil, Rich in EPA and DHA (n-3) Polyunsaturated Fatty Acids, Attenuates Colonic Inflammation in Rats
with DSS-Induced Colitis. J. Nutr. 2005, 135, 687-694. [CrossRef] [PubMed]

Bigagli, E.; Toti, S.; Lodovici, M.; Giovannelli, L.; Cinci, L.; D’Ambrosio, M.; Luceri, C. Dietary Extra-Virgin Olive Oil Polyphenols
Do Not Attenuate Colon Inflammation in Transgenic HLAB-27 Rats but Exert Hypocholesterolemic Effects through the Modulation
of HMGCR and PPAR-« Gene Expression in the Liver. Lifestyle Genom. 2018, 11, 99-108. [CrossRef] [PubMed]


http://doi.org/10.1002/mnfr.201400800
http://www.ncbi.nlm.nih.gov/pubmed/25708117
http://doi.org/10.1016/j.fct.2019.01.039
http://www.ncbi.nlm.nih.gov/pubmed/30735752
http://doi.org/10.1016/j.foodres.2018.07.025
http://www.ncbi.nlm.nih.gov/pubmed/30195533
http://doi.org/10.1016/j.fct.2016.02.015
http://doi.org/10.1039/C5FO00529A
http://doi.org/10.1002/ijc.21083
http://doi.org/10.1021/jf305158q
http://doi.org/10.1021/acs.jafc.6b04933
http://doi.org/10.3390/nu9040391
http://doi.org/10.1002/mnfr.201601066
http://doi.org/10.1016/j.intimp.2016.03.019
http://doi.org/10.1007/s00394-011-0235-y
http://www.ncbi.nlm.nih.gov/pubmed/21874330
http://doi.org/10.1016/j.jnutbio.2012.11.008
http://www.ncbi.nlm.nih.gov/pubmed/23337347
http://doi.org/10.1016/j.ejps.2012.12.004
http://www.ncbi.nlm.nih.gov/pubmed/23238173
http://doi.org/10.1016/j.jnutbio.2013.10.005
http://doi.org/10.3390/nu12041084
http://doi.org/10.1016/j.clnu.2010.03.003
http://doi.org/10.1016/j.nut.2020.110731
http://doi.org/10.1016/j.ijpharm.2020.119515
http://doi.org/10.1080/08941939.2018.1469697
http://doi.org/10.1093/jn/135.4.687
http://www.ncbi.nlm.nih.gov/pubmed/15795419
http://doi.org/10.1159/000495516
http://www.ncbi.nlm.nih.gov/pubmed/30630166

Nutrients 2022, 14, 757 14 of 14

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Marcelino, G.; Hiane, P.A.; Freitas, K.D.C.; Santana, L.E,; Pott, A.; Donadon, J.R.; Guimaraes, R.D.C.A. Effects of Olive Oil and
Its Minor Components on Cardiovascular Diseases, Inflammation, and Gut Microbiota. Nutrients 2019, 11, 1826. [CrossRef]
[PubMed]

Skrypnik, K.; Bogdanski, P.; Loniewski, I.; Regula, J.; Suliburska, J. Effect of probiotic supplementation on liver function and lipid
status in rats. Acta Sci. Pol. Technol. Aliment. 2015, 17, 185-192. [CrossRef]

Liu, Z.; Wang, N.; Ma, Y.; Wen, D. Hydroxytyrosol Improves Obesity and Insulin Resistance by Modulating Gut Microbiota in
High-Fat Diet-Induced Obese Mice. Front. Microbiol. 2019, 10, 390. [CrossRef]

Millman, J.; Okamoto, S.; Kimura, A.; Uema, T.; Higa, M.; Yonamine, M.; Namba, T.; Ogata, E.; Yamazaki, S.; Shimabukuro,
M.; et al. Metabolically and immunologically beneficial impact of extra virgin olive and flaxseed oils on composition of gut
microbiota in mice. Eur. J. Nutr. 2020, 59, 2411-2425. [CrossRef]

Farras, M.; Martinez-Gili, L.; Portune, K.; Arranz, S.; Frost, G.; Tondo, M.; Blanco-Vaca, F. Modulation of the Gut Microbiota
by Olive Oil Phenolic Compounds: Implications for Lipid Metabolism, Immune System, and Obesity. Nutrients 2020, 12, 2200.
[CrossRef]

Daniel, K.; Vitetta, L.; Singh, M.A.E. Effects of olives and their constituents on the expression of ulcerative colitis: A systematic
review of randomised controlled trials. Br. . Nutr. 2021, 1-19. [CrossRef]

Taylor, L.; Almutairdi, A.; Shommu, N.; Fedorak, R.; Ghosh, S.; Reimer, R.A.; Panaccione, R.; Raman, M. Cross-Sectional Analysis
of Overall Dietary Intake and Mediterranean Dietary Pattern in Patients with Crohn’s Disease. Nutrients 2018, 10, 1761. [CrossRef]
Godny, L.; Reshef, L.; Pfeffer-Gik, T.; Goren, I.; Yanai, H.; Tulchinsky, H.; Gophna, U.; Dotan, I. Adherence to the Mediterranean
diet is associated with decreased fecal calprotectin in patients with ulcerative colitis after pouch surgery. Eur. J. Nutr. 2020, 59,
3183-3190. [CrossRef]

De Filippis, E; Pellegrini, N.; Vannini, L.; Jeffery, I.B.; La Storia, A.; Laghi, L.; Serrazanetti, D.I.; Di Cagno, R.; Ferrocino, L;
Lazzi, C.; et al. High-level adherence to a Mediterranean diet beneficially impacts the gut microbiota and associated metabolome.
Gut 2016, 65, 1812-1821. [CrossRef] [PubMed]

Alicic, D.; Martinovic, D.; Rusic, D.; Zivkovic, PM.; Hadjina, L.T.; Vilovic, M.; Kumric, M.; Tokic, D.; Supe-Domic, D.;
Lupi-Ferandin, S.; et al. Urotensin II levels in patients with inflammatory bowel disease. World |. Gastroenterol. 2021, 27,
6142-6153. [CrossRef] [PubMed]

Morvaridi, M.; Jafarirad, S.; Seyedian, S.S.; Alavinejad, P.; Cheraghian, B. The effects of extra virgin olive oil and canola oil on
inflammatory markers and gastrointestinal symptoms in patients with ulcerative colitis. Eur. J. Clin. Nutr. 2020, 74, 891-899.
[CrossRef] [PubMed]

Martin-Pelédez, S.; Castanier, O.; Sola, R.; Motilva, M.].; Castell, M.; Pérez-Cano, E]J.; Fitd6, M. Influence of Phenol-Enriched Olive
QOils on Human Intestinal Immune Function. Nutrients 2016, 8, 213. [CrossRef] [PubMed]

Martin-Peldez, S.; Mosele, J.I.; Pizarro, N.; Farras, M.; De La Torre, R.; Subirana, 1.; Pérez-Cano, EJ.; Castafier, O.; Sola, R.;
Fernandez-Castillejo, S.; et al. Effect of virgin olive oil and thyme phenolic compounds on blood lipid profile: Implications of
human gut microbiota. Eur. |. Nutr. 2015, 56, 119-131. [CrossRef]

Chicco, F; Magri, S.; Cingolani, A.; Paduano, D.; Pesenti, M.; Zara, F.; Tumbarello, F; Urru, E.; Melis, A.; Casula, L.; et al.
Multidimensional Impact of Mediterranean Diet on IBD Patients. Inflamm. Bowel Dis. 2021, 27, 1-9. [CrossRef]

de Silva, PS.; Luben, R.; Shrestha, S.S.; Khaw, K.T.; Hart, A.R. Dietary arachidonic and oleic acid intake in ulcerative colitis
etiology: A prospective cohort study using 7-day food diaries. Eur. |. Gastroenterol. Hepatol. 2014, 26, 11-18. [CrossRef]
Cainzos-Achirica, M.; Glassner, K.; Zawahir, H.S.; Dey, A K.; Agrawal, T.; Quigley, EM.; Abraham, B.P,; Acquah, L; Yahya, T.;
Mehta, N.N.; et al. Inflammatory Bowel Disease and Atherosclerotic Cardiovascular Disease: JACC Review Topic of the Week. J.
Am. Coll. Cardiol. 2020, 76, 2895-2905. [CrossRef]

Setyawan, J.; Mu, E; Zichlin, M.L,; Billmyer, E.; Downes, N.; Yang, H.; Azimi, N.; Strand, V.; Yarur, A. Risk of Thromboembolic
Events and Associated Healthcare Costs in Patients with Inflammatory Bowel Disease. Adv. Ther. 2021, 39, 738-753. [CrossRef]


http://doi.org/10.3390/nu11081826
http://www.ncbi.nlm.nih.gov/pubmed/31394805
http://doi.org/10.17306/j.afs.0554
http://doi.org/10.3389/fmicb.2019.00390
http://doi.org/10.1007/s00394-019-02088-0
http://doi.org/10.3390/nu12082200
http://doi.org/10.1017/S0007114521001999
http://doi.org/10.3390/nu10111761
http://doi.org/10.1007/s00394-019-02158-3
http://doi.org/10.1136/gutjnl-2015-309957
http://www.ncbi.nlm.nih.gov/pubmed/26416813
http://doi.org/10.3748/wjg.v27.i36.6142
http://www.ncbi.nlm.nih.gov/pubmed/34629825
http://doi.org/10.1038/s41430-019-0549-z
http://www.ncbi.nlm.nih.gov/pubmed/31901082
http://doi.org/10.3390/nu8040213
http://www.ncbi.nlm.nih.gov/pubmed/27077879
http://doi.org/10.1007/s00394-015-1063-2
http://doi.org/10.1093/ibd/izaa097
http://doi.org/10.1097/MEG.0b013e328365c372
http://doi.org/10.1016/j.jacc.2020.10.027
http://doi.org/10.1007/s12325-021-01973-7

	Introduction 
	Olive Oil and IBD 
	Olive Oil Composition 
	Olive Oil and IBD 
	The Evidence In Vitro 
	Evidence from Animal Studies 
	Evidence from Human Studies 


	Conclusions and Future Perspectives 
	References

