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The adequate combination of the well-recognized individual nutraceutical properties of polyphenols and omega-3
polyunsaturated fatty acids from fish oils (eicosapentaenoic and docosahexaenoic acids), particularlly their single
antioxidant and anti-inflammatory properties, may offer a powerful tool for the design of successfully nutritional
interventions for the prevention and palliation of a plethora of human diseases, often diet-related, whose etiology
and progression are characterized by redox homeostasis disturbances and a low-grade of chronic inflammation.
However, the certain mechanisms behind their biological activities, in vivo interaction (both between them and
other food compounds), and their optimal doses and consumption are not well-known yet. Therefore, we review
here the recent accumulated evidence in both preclinical and clinical trials, of the cooperative action between
polyphenols and fish oils as nutraceuticals on human health, focusing on the mechanisms and pathways described
and the effects reported. The final objective is to provide useful information for developing effective strategies of

personalized nutrition based on the combined used of these bioactive food compounds.

eicosapentaenoic acid docosahexaenoic acid omega-3 polyunsaturated fatty acids

plant bioactives oxidative stress inflammation metabolic disorders nutraceuticals

| 1. Introduction

Nutraceuticals, defined as “any substance that is food or part of a food and provide medical or health benefits,
including the prevention and treatment of disease” I, are currently considered a viable strategy for the prevention

and palliation of several human diseases, including those related to the widespread “obesogenic” lifestyle.

The “obesogenic” lifestyle have notably increased the prevalence of metabolic alterations such as the so-called
Metabolic Syndrome (MetS) @, a pathological condition defined by the simultaneous presence of different
combinations of three or more of the following metabolic alterations: abdominal obesity, blood hypertension,
hyperglycemia, and serum dyslipidemia . MetS is considered a risk factor for noncommunicable diseases such as
type 2 diabetes and cardiovascular diseases (CVD) . Other main chronic illnesses promoted by obesity are
cancer and neurodegenerative pathologies 2. Interestingly, all these pathologies are characterized by an increase
in oxidative stress and a proinflammatory status [&. For this reason, bioactive compounds naturally present in food
with antioxidant and/or anti-inflammatory properties have attracted the attention of the scientific community for the
development of successful nutritional interventions. Among those, dietary polyphenols are often considered
because they are one of the most important groups of natural antioxidants and anti-inflammatory agents found in

human diets, including fruits, vegetables, grains, tea, essential oils, and their derived foods and beverages @, On
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the other hand, regular intake of fish-derived omega-3, i.e., eicosapentaenoic (EPA) and docosahexaenoic (DHA)
acids, has also been reported to be involved in the prevention of several of those metabolic alterations and
diseases &, because of their biological functions and bioactivities. Interestingly, EPA and DHA play an important
role in anti-inflammatory processes because they are substrates for cyclooxygenase, lipoxygenase, cytochrome
P450, and several other enzymes . As a result, numerous lipid mediators involved in inflammatory processes are

generated, including specialized pro-resolving lipid mediators (SPMs), which actively resolve inflammation 19,

Several studies have pointed out that fish oils can also improve the antioxidant defense, mainly via nuclear factor
erythroid 2 (Nrf2)-dependent mechanisms LHR2U3I14]  However, the influence of highly unsaturated fatty acids on
redox homeostasis remains controversial. The high consumption of these omega-3 causes an enriched in PUFAs
of cell membranes and tissues, which could make them more vulnerable to suffering from lipid peroxidation under
oxidative stress insults, because of the presence of those high unsaturated structures carrying many “fragile”
double bonds 22!, Therefore, a good strategy for preventing potentially detrimental health effects of the high PUFAs
intake regarding oxidation may be the simultaneous consumption of omega-3 PUFAs and polyphenols.
Nevertheless, it is necessary to unequivocally identify the molecular processes and biochemical pathways that can
be modulated by the combination of those nutrients, determine the optimal consumption in the context of several

metabolic alterations and describe potential adverse or antagonist effects, that could exist, among other concerns.

Therefore, we review the recent preclinical and clinical evidence that supports the combined use of fish-derived
omega-3 PUFAs and polyphenols as nutraceuticals, for the prevention and treatment of metabolic disturbances
governed by high oxidative stress and inflammation. We aim to provide solid scientific evidence for the optimum
design of nutritional strategies. The studies that have addressed this topic during the last decade are summarized

in Table 1 and will be discussed more in detail in the following sections.

Table 1. Summary of the researches from the last ten years that have studied the effect of the combination
between polyphenols and fish oils for improving MetS features, neurodegenerative pathologies, cancer, and other

health effects.

Health Effects of the

Bioactive’s Combination Model S Reference
MetS features
« In vitro studies

. . i I [26]
Epigallocatechin-3-gallate FaO cells (H4-11- Less lipid peroxidation levels;
(EGCG) and DHA (50 uM; 1 h) E-C3 rat more GSH/GSSG and less
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Resveratrol (2-5 mg/mL) and EPA
(30 mM); 19 h

Resveratrol (25 ?mol/L) and EPA
(20 ?mol/L)

. In vivo studies

Resveratrol (20 mg/kg/day) and
fish oil (0.4 g (54% EPA, 10%
DHA)/kg/day); 2 months.

Proanthocyanidin rich grape seed

extract (0.8 g/kg feed) and

hepatoma). catalase; EGCG impairs DHA-
related Nrf2 nuclear translocation
and decreases HO-1 protein

levels.

Enhanced anti-inflammatory
effect ,decreased NO levels;
modulating P-SAPK/JNK;down-

RAW 264.7
. regulation of proinflammatory;
murine
genes (IL, chemokines,
macrophage.

transcription factors);

Up-regulation antioxidant genes.

Human peripheral
blood leukocytes
(PBLs) and

Synergistic effects on
normal human

CCL5/RANTES; additive effects

articular
on IL-6 or CXCL8/IL-8.
chondrocytes
from knee
(NHAC-kn).
Activation of the Nrf2/Keapl
pathway; increases survival of
Obese male
) obese rats because of less
Wistar rats. o .
oxidative stress in the aorta and
myocardium.
Prediabetic Both additive and synergistic
female Wistar— effects on total and specific

7

[18]

9]

[20]
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EPA/DHA 1:1 (16.6 g /kg feed);
24-weeks.

Proanthocyanidin rich grape seed
extract (25 mg/kg body weight)
and oil-rich DHA (500 mg (38.8%
DHA)/kg body weight); 21 days.

1.5% apple polyphenol and 10%
fish oil (27% EPA, 11% DHA); 4

weeks.

Proanthocyanidin rich grape seed
extract (0.8 g/kg feed) and
EPA/DHA 1:1 (16.6 g /kg feed);
24-weeks.

Kyoto rats.

Obese male

Wistar rats.

Male Sprague—

Dawley rats.

Prediabetic
female Wistar—

Kyoto rats.

protein carbonylation in
liver;effects strongly depended on
the background diet; results
correlated with improved insulin

sensitivity and antioxidant status.

Activation of muscle [3-oxidation;

more mitochondrial functionality

and oxidative capacity; up- 21]
regulation of AMPK

phosphorylation, PPARa and

Ucp2.

Synergistic effects: lower

posterior abdominal fat wall and

testicle peripheral fat;additive

effects: lower cholesterol and

FFA; lower adiponectin than in 22]
fish oil and more than in

polyphenols; less oxidative stress

than in polyphenols but more

than in fish oil.

Complementary effects: Lower =

omega-6/-3 ratio; Lower
production of ARA
proinflammatory lipid mediators;
Up-regulation desaturases

towards omega-3.

Additive effects: Down-regulation
A5D and COX activities on ARA;
Enhancing the antioxidant

enzymes decreasing total FFA in

plasma.
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Proanthocyanidin rich grape seed
extract (0.8 g/kg feed) and
EPA/DHA 1:1 (16.6 g /kg feed);
24-weeks.

Proanthocyanidin rich grape seed
extract (0.8 g/kg feed) and
EPA/DHA 1:1 (16.6 g /kg feed);

24-weeks.

Proanthocyanidin rich grape seed
extract (0.8 g/kg feed) and
EPA/DHA 1:1 (16.6 g /kg feed);
24-weeks.

Salmon oil (1365 mg/kg body
weight/day) supplemented
tocopherols, cholecalciferol,
retinol, lignans, coumarins and
dicyclo esters at 1365, 2730 to

5460 mg/kg body weight; 21 days.

Brown seaweed lipids (0.5% or
2.0%); 4 weeks.

Biologically active substances-
enriched (BASE) diet
(polyphenols, b-carotene,
probiotics, and salmon fat);;14

months.

Prediabetic
female Wistar—

Kyoto rats.

Prediabetic
female Wistar—

Kyoto rats.

Prediabetic
female Wistar—

Kyoto rats.

Male Balb/c mice.

Female KK-Ay

mice.

Adult male
Sprague—Dawley
rats.

Synergistic effect of GPx activity;
higher amount of MUFA and
PUFA-containing DAG and long-
chain fatty acid-containing

ceramides.

Additive effects on the regulation
of proteins involved in insulin
signaling, glycolysis, fatty acid
beta-oxidation, and endoplasmic

reticulum stress.

Additive effect on insulin, leptin,
and triglycerides levels in

prediabetic rats.

Synergistic antioxidant effect as
free radical scavengers; better
immunomodulatory activity at
highest plant extract doses

without any toxicity.

Less lipid peroxidation in the
liver; hepatic enrichment in DHA
and ARA.

Regulation of gonadotrope cell
activation pathway and guanylate
cyclase pathway, mast cell

activation, gap junction

[24]

[25]

[26]

[27]

[28]

[29]
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Anti-inflammatory dietary mixture
(AIDM) (resveratrol, lycopene,
catechin, vitamins E and C, and

fish ail); 6 weeks.

Salmon oil/motherwort oil extract
in 8:2(2340 and 1170 mg/day/kg
body weight); 14 days.

. Human studies

Diet naturally rich/or not in fish
omega-3 PUFAs (4 g/day) and/or
polyphenols (2.861 mg/day); 8
weeks

Diet naturally rich/or not in fish
omega-3 PUFAs (4 g/day) and/or
polyphenols (2.861 mg/day); 8

weeks

Female
ApoE*3Leiden

transgenic mice.

Rats.

Humans at high

metabolic risk.

Humans at high

metabolic risk.

regulation, melanogenesis, and

apoptosis.

Decreased CRP and fibrinogen
expression; decreased plasma
cholesterol, TG, serum amyloid
AB, vascular inflammation

markers, and adhesion molecules

Increased left ventricular
pressure after ischemia;
normalized contraction/relaxation
of left ventricle; decreased
aspartate amino transferase and
creatine kinase activity;
cardioprotective effect without

any toxicity.

Reduction of the postprandial
lipid VLDL; increases IDL;LDL
richer and HDL poorer in TG.

Additive effects of polyphenols
(less TG, large VLDL, and urinary
8-isoprostanes) and of fish oils
(less postprandial chylomicron
cholesterol and VLDL
apolipoprotein B-48); correlation
lipoprotein changes and 8-

isoprostanes.

[30]

[32]

[33]
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Diet naturally rich/or not in fish
omega-3 PUFAs (4 g/day) and/or
polyphenols (2.861 mg/day); 8

weeks

Diet naturally rich/or not in fish
omega-3 PUFAs (4 g/day) and/or
polyphenols (2.861 mg/day); 8
weeks

Cranberry polyphenols (200 mL)
and 1 g capsule EPA (180 mg)
and DHA (120 mg) twice daily; 8

weeks.

Diet naturally rich/or not in fish
omega-3 PUFAs (4 g/day) and/or
polyphenols (2.861 mg/day);
Blood samples taken before and

up to 6 h after the test meal.

Diet rich in polyphenols and
omega-3 (retrospective study
from June 2017 to December
2018, £odz, Poland).

Diet naturally rich/or not in fish
omega-3 PUFAs (4 g/day) and/or
polyphenols (2.861 mg/day); 8

weeks

Humans at high

metabolic risk.

Humans at high

metabolic risk.

Humans with
diabetes and
periodontal

disease.

Humans at high

metabolic risk.

Middle-age
patients after
percutaneous
coronary

intervention.

Human at high
metabolic risk.

Additive effects of polyphenols
(less plasma glucose and
increased early insulin secretion)
and of omega-3 (reduced beta-
cell function and GLP-1).

Lipid rearrangements (in
phospholipids fatty acid profiles
of HDL).

Decreased glycated hemoglobin;
increased HDL-C;improve

periodontal status.

Change in levels of chylomicron
cholesterol and triglycerides due
to omega-3; response to

nutraceuticals depends on acute

or chronic supplementation.

PLR and NLR depending on the

omega-6/omega-3 ratio.

Change in gut microbiota
associated with changes in

glucose/lipid metabolism.

[34]

[37]

[38]
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Fish oil (1.7 g EPA + DHA/day)
and chocolate containing plant
sterols (2.2 g/day) and green tea

(two sachets/day); 6 weeks.

PROG plan daily; 13 weeks.

Nutraceutical cocktall
(polyphenols, omega-3 fatty
acids, vitamin E, and selenium)
daily; 10-20 days.

Aterofisiol®:;1 tablet every 24 h
starting 30 days before the
surgery and stopping 5 days
before it.

Patients suffering
from type 2

diabetes.

Healthy

overweight people

with
cardiometabolic

syndrome.

People with
sedentary
behaviors and
fructose

overfeeding.

Patients with
carotid stenosis
who underwent

endarterectomy.

Neurodegenerative Diseases

. In vitro studies

EPA (0.125 puM), lyc-O-mato (0.1
K1M), carnosic acid (0.2 uM) and
lutein (0.2 uM).

BV-2 immortalized

murine microglial

cell line.

Both nutraceuticals combined
with statin therapy significantly
reduced LDL-C and CRP.

Less body and fat mass;
improved plasma lipid profiles

and inflammation markers.

Less alterations on lipid
metabolism; no effect in

preventing insulin resistance.

Alteration of atherosclerotic
plague composition; more
prevention from neurological

events associated.

Synergistic inhibition of the
production of proinflammatory
mediators: inhibition redox-
sensitive NF-kB activation;
inhibition of superoxide
production; upregulation COX-2
and iNOS; more release of PGE2

[40]

[42]

[43]

[44]
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Resveratrol, quercetin, and
apigenin (1.5 to 6.25 uM), a-ALA,
EPA, DHA, and OA (6.25 to 50
UM) and a-Tocopherol.

. In vivo studies

Resveratrol and DHA (50
mg/kg/day); 6 weeks.

LMN diet; 5 months.

LMN diet; 10, 20, 30, or 40 days.

Multivitamins, zinc, polyphenols,
omega-3 fatty acids, and

probiotics mixture; 48 days.

N2a Neuronal

cells.

Adult C57BI/6

mice.

Tg2576 male and
female mice as a
model of AD.

129S1/SvimJ

adult male mice.

Crickets.

and NO; attenuation IL-6 and
CDA40.

Cytoprotective against 7-
Ketocholesterol-induced

neurotoxicity.

Modulation of steroid hormone
biosynthesis, JAK-STAT signaling
pathway, ribosome, graft-versus-
host disease pathways in the

hippocampus;

Decreased IL-6 and
Apolipoprotien E (ApoE)

expression.

Delays the AB plaque formation
and decreases AB1—40 and AB1-42

plasma levels in adult mice.

Enhancement of cholinergic and
catecholaminergic transmissions;
Nrf2 activation and increased

protein levels of SOD-1 and GPx.

A combination of multivitamins,
zinc, and omega-3 fatty acids

was the most effective for

[45]

[46]

[47]

[49]
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Resveratrol (50 mg/L drinking
water) and DHA (300 g) and
prebiotics (100 g) of prebiotic in
powdered food; from post-natal
day 21 to 43.

. Human studies

Smartfish® (200 mL/day) ; 4-17

months.

Smartfish® (200 mL/day); 6

months.

NEWSUP; 23 weeks.

Adolescent male
and female
Sprague—Dawley
rats suffering from
mild traumatic

brain injury.

Patients with
minor cognitive
impairment (MCI),
with pre-MCI, or
with Alzheimer
disease (AD).

Older adults (68—
83 years) without
any specific

pathology.

Children aged 15
months to 7
years; primary
population:
children younger
than 4.

improving memory and cognitive

performance.

Modify premorbid characteristics;
prevented injury-related deficits in
longer-term behavior measures,
medial prefrontal cortex spine
density, and levels of Agp4, Gfap,
Igf1, Nfl, and Sirtl expression in

the prefrontal cortex.

Increase amyloid- phagocytosis
and resolvin D1 in patients with
MCI.

Limited beneficial effects

improving cognitive function.

Increased working memory,
hemoglobin concentration among
children with anemia, decreased
body mass index z score gainm,
and increased lean tissue
accretion with less fat; increased
index of cerebral blood flow
(CBFi).

[50]

[51]

[52]

53]
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Cancer

. In vivo studies

Only fish oils+curcumin reduced
nuclear (3-catenin in aberrant

crypt foci and synergistically

Curcumin (1% w/w) and Lgr5-EGFP- increased targeted apoptosis in
menhaden fish oil (4% wiw); 3 IRESCTeERT2 DNA damaged Lgr5+ stem cells; 24
weeks. knock-in mice. only fish oils+curcumin up-

regulated p53 signaling in Lgr5+
stem cells from mice exposed to

a carcinogen.

. Human studies

) Post-menopausal Decrease in CRP; reduction of
PureVida™ (3 capsules/day); 1 ] S E5
th breast cancer pain from aromatase inhibitors of [(55]
month.

patients. hormonal therapies.

, , High adherence to diet inversely
Mediterranean-type dietary

] Prostate cancer associated with the likelihood of
pattern (population-based case— [56]
(PCa) cases and prostate cancer: PCa cases
control study, January 2015 to
controls. consume a lower amount of

December 2016, Catania, Italy). .
vegetables, legumes, and fish.

Exercise and physical activity
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. In vivo studies

5% fish oil (13.2% EPA, 8.6%
DHA, 4.9%DPA) and 1%

curcumin in diet;10 days.

¢ Human studies

1 L daily supplementation of
almond and olive oil and o-
tocopherol based beverage
enriched with a DHA functional
beverage five days a week; 5

weeks.

1 L daily supplementation of
almond and olive oil and o-
tocopherol based beverage
enriched with a DHA functional
beverage five days a week; 5

weeks.

C57BI/6 mice.

Young/senior male

athletes.

Young/senior male

athletes.

Decreased loss of muscle cross-
sectional area; an enhanced
abundance of HSP70 and
anabolic signaling (Akt
phosphorylation, p70S6K
phosphorylation) while reducing
Nox2.

Increased PUFAs and reduced
SFAs in plasma; increased DHA
in erythrocyte; increased blood
cell polyphenol concentration in
senior athletes; protects against
oxidative damage but enhances
nitrative damage in young
athletes; gene expression of
antioxidant enzymes in peripheral
blood mononuclear cells after
exercise in young athletes (GPX,
CAT, and Cu—Zn SOD).

Increased TNFa levels depending
on age and exercise; attenuated
the increase in plasma NEFAs,
sICAMS3 and sL-Selectin induced
by exercise; exercise increased
PGE2 plasma levels in
supplemented young athletes;

exercise increased NFK[3-

57]

[59]
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Polyphenols (741 mg), vitamin E

(138 mg), selenium (80 pg), and Healthy, active male
omega-3 (2.1 g); 60 days of subjects.
hypoactivity.

Age-related eye disease

. In vitro studies

288 ng of Resvega (30 mg of

trans resveratrol and 665 mg of

ARPE-19 cells.
omega-3 EPA and DHA, among
other nutrients);48 h.
. In vivo studies
Resvega (100 pL/day); 38 days. C57BL6/J mice.

activated levels in PBMCs mainly

in supplemented young athletes.

Ineffectiveness regarding

oxidative muscle damage,

mitochondrial content, and

protein balance and a (60]
disturbance of essential signaling
pathways (protein balance and
mitochondriogenesis) during the

remobilization period.

Induced autophagy by increased
autolysosome formation and

autophagy flux; change p62 and [61]
LC3 protein levels Cytoprotection

under proteasome inhibition

Less vascular endothelial growth
factor (VEGF) protein expression
levels and less MMP-9 activity;
mitigate choroidal
neovascularization and retinal

disease.
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Others

Dermatologic food
(EPA+DHA+polyphenols); 8

weeks.

Olive oil polyphenols and fish oll
(Prospective birth cohort
Assessment of Lifestyle and
Allergic Disease During INfancy
(ALADDIN); September 2004—
November 2007, Stockholm area,

Sweden).

Omega-3 fatty acids, polyphenols,
and fiber (mother—neonate pairs
from the prospective and
observational MAMI birth cohort;
18 months, 2015-2017,Spanish—

Mediterranean area).

Adult atopic dog.

Placentas.

Gut microbiota
from mother—

neonate pairs.

Reductions in clinical scores of

[63]
atopic dermatitis.

Altered histone acetylation in [64]
placentas.

Higher abundance of the
Ruminococcus species in

maternal gut microbiota; higher

relative abundance of

Faecalibacterium prausnitzii [65]

considered as a biomarker of
colonic health, associated with
anti-inflammatory properties;
modulation of neonatal
microbiota.

2. Combined Polyphenols and Fish Oils Intake for Improving
Metabolic Syndrome Features. Preclinical and Clinical

Evidence.

Several studies in both cell and animal models addressed the effects of the combination between fish oil and

polyphenols in restoring the redox homeostasis that is broken in MetS. Additive effects on the activation of the

nuclear factor Nrf2 p45-related factor 2/Kelch-like ECH-associated protein 1 (Keapl) pathway were found after the

treatment with a mix of the epigallocatechin-3-gallate (EGCG) and DHA in hepatic cells 18] and in the myocardium

9

and aorta of obese male Wistar rats 12 after the supplementation with resveratrol and fish oil. Moreover, the
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combined intake of proanthocyanidins from grape seed extract and fish oils showed relevant additive and even
synergistic effects on liver redox homeostasis, especially on the modulation of carbonylation of specific liver
proteins, lowering lipid peroxidation levels and improving oxygen radical absorbance capacity (ORAC) and the
glutathione peroxidase (GPx) activity in plasma, while lowering cholesterol, tumor necrosis factor-alpha (TNFa) and
plasma insulin levels in female Wistar—Kyoto rats fed an obesogenic diet 2. The coadministration of grape seed
proanthocyanidins and an oil-rich in DHA improve muscle status as well, because activated muscle [3-oxidation,
increased the mitochondrial functionality and oxidative capacity, and up-regulated fatty acid uptake gene
expressions in obese male Wistar rats 21, Also, the combination of apple polyphenols with fish oil in male
Sprague—Dawley rats fed a high cholesterol diet improved serum and liver lipid profiles and oxidative stress
markers [22],

Regarding inflammation, synergistic and additive anti-inflammatory effects between resveratrol and EPA were
detected in macrophages in macrophages 4, human peripheral blood leukocytes (PBLs), and articular
chondrocytes from knee (NHAC-kn) 18l |In female Wistar—Kyoto rats fed an obesogenic, the combination of grape
proanthocyanidins and fish oil 28 caused an enrichment in omega-3 PUFAs while decreasing omega-6 in
membranes and tissues, resulting in more favorable inflammatory and redox status, which was defined by a shift in
the 12/15-lipoxygenases activities towards omega-3 PUFAs, enhanced GPx activities, and significant modulation of
the cyclooxygenase (COX)-dependent synthesis of proinflammatory lipid mediators and the down-regulation of de
novo synthesis of arachidonic acid (ARA) leaded by A5 desaturase. Moreover, the double supplemention increased
monounsaturated fatty acid and polyunsaturated fatty acid-containing diacylglycerols (DAG) and long-chain fatty
acid-containing ceramides abundances compared to the control 24, These lipidomic profiles were correlated with
the up-regulation of proteins involved in improving insulin signaling, and lipid and glucose metabolism 23,
Biochemical and biometric parameters confirmed that only the nutraceutical combination could restore insulin,

leptin, and triglyceride levels to normal values 28],

Polyphenols and marine omega-3 PUFAs in combination with other biologically active substances were also
evaluated in some preclinical studies. Fish oil supplemented with plant oil extracts from Schisandra chinensis and
Matricaria chamomilla 21 demonstrated synergistic effects as free radical scavengers compared to controls in
mice. Brown seaweed lipids extracts resulting in less lipid peroxidation in the liver of female KK-Ay mice, even if
the hepatic percentage of PUFAs increased (28, The long-term intake of the BASE diet modulated the expression
of relevant genes associated with chronic disorders in the liver of male Sprague—Dawley rats, suggesting a link
between diet, reproductive system function, and aging 2. Moreover, the anti-inflammatory AIDM mixture B2 was
effective in improving lipid and inflammatory CVD risk factors in rodents, and a fish oil combined with motherwort

oil demonstrated superior cardioprotective properties in rats B,

The effects of diets rich in fish-derived omega-3 and polyphenols in subjects at high CV risk have been studied in
several human trials, which reported a reduction in the postprandial lipid content of large very low-density
lipoprotein (VLDL) and increases intermediate-density lipoprotein (IDL) cholesterol; LDL particles richer in
triglycerides, and HDL poorer 82231 while decreasing oxidative stress 23], and blood glucose, insulin secretion and

postprandial glucagon-like peptide 1 levels 4. Other lipid rearrangements in HDL were also reported 22, Diets
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enriched in proanthocyanidins from cranberry juice and fish oil also improved both insulin and lipoprotein
metabolisms in patients suffering from diabetes and periodontal disease 28, Nevertheless, it has been reported
that the postprandial chylomicron response to these nutraceuticals depends on supplementation time B4, and
should also be considered in this kind of nutrition strategies. The omega-6/omega-3 ratio 28 and the modulation of
the microbiota composition B2 seem also critical in the study of their cardioprotective properties. Interestingly, the
statin therapy of patients suffering from CVD could be efficiently complemented with a combination of fish oils and

polyphenols 49,

Several mixtures of bioactive substances and nutraceutical cocktails, all of them especially rich in polyphenols and
fish oils, were also tested in human trials (4142431 demonstrating effectiveness in ameliorating lipid profiles,

inflammation and atheroscerotic events, but less action on insulin sensitivity.

3. Combined Polyphenols and Fish Oils Intake for Improving
Neurodegenerative Diseases. Preclinical and Clinical
Evidence.

The benefitial effects of combining polyphenols and fish oils on cognition alteration and neurodegenerative
processes have been also investigated. Thus, resveratrol and DHA significantly altered hippocampal expression of
gene associated with inflammatory responses 8. This anti-inflammatory action was further investigated and it was
reported that low concentrations of a combination of EPA-rich oil and phytonutrients prevented the transformation
of microglia to proinflammatory M1 phenotype and the redox-sensitive NF-kB activation, while the anti-
inflammatory IL-10 secretion 4], In N2a neural cell, the main Mediterranean diet nutrients demonstrated to be
potent cytoprotective agents against neurotoxicity 2 and other diets like the LMN, also rich in polyphenols and
PUFAs, decreased the behavioral deterioration and delayed the amyloid plaques formation 44, and caused an
enhanced modulatory effect on both cholinergic and catecholaminergic transmissions 48 in animal models of aging
and Alzheimer’s disease. Similar conclusions on the improvement of memory and cognitive performance were also
reached in animal models feeding diets rich in those compounds and other bioactive nutrients “2. However, results
were more inconsistent in clinical trials. For instance, the supplementation with Smartfish® increased amyloid-f
phagocytosis and resolvin D1 in patients with minor cognitive impairments 2, but it had only a limited beneficial

impact in older adults without any other pathology 521,

Mixtures between polyphenols and omega-3 were tested in young subjects to find beneficial effects over the post-
mild traumatic brain injury function in adolescent rats 59 and seemed to improve executive function, brain health,

and nutritional status in vulnerable young children at risk of undernutrition living in low-income countries 31,

4. Combined Polyphenols and Fish Oils Intake for Improving
Cancer. Preclinical and Clinical Evidence.
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The bioactivity of the combination between polyphenols and PUFAs was also tested against some types of
cancers. In colonic leucine-rich repeat-containing G-protein-coupled receptor 5-positive (Lgr5+) stem cells in mice,
which are the cells of origin of colon cancer, the combination between fish oil and curcumin synergistically
increased targeted apoptosis in DNA damaged Lgr5+ stem cells, maximally reduced their damaged, drop to the
level measured in saline-treated mice. Moreover, p53 signaling in Lgr5+ stem cells from mice exposed to a
genotoxic carcinogen (azoxymethane) was uniquely up-regulated only following fish oil plus curcumin cotreatment
B4l |nterestingly, some esterified phenols with omega-3 PUFAs (so-called lipophenols), particularly quercetin
bound to ALA, EPA and DHA reported antioxidant, anti-inflammatory, and anticarcinogenic properties in lung cells

exposure to H,0, insult 68 or cigarette smoke toxicants (€71,

A recent study reported that hydroxytyrosol combined with omega-3 and curcumin reduced inflammation and pain
in patients with aromatase-induced musculoskeletal symptoms, as one of the side effects of the hormonal
therapies for breast cancer B2, Remarkably, several DHA and phenols conjugated increase the bioactivity of the
individual compounds against breast cancer €8], and also might prevent or inhibit the progression of triple-negative
breast cancer (TNBC) 62 and inhibit the gelatinolytic matrix metalloproteinase MMP-9 L9, Morever, the high
adherence to diets rich in polyphenols and fish oils, such as the Mediterranean diet, was found inversely
associated with the likelihood of suffering from prostate cancer 8!,

5. Combined Polyphenols and Fish Oils Intake for Improving
Other Pathologies and Physiological Processes. Preclinical
and Clinical Evidence.

Physiological processes concomitant with oxidative stress and/or inflammation were also addressed to test the
effects of polyphenols and fish oils. As a consequence, it has been found that fish oil and curcumin mayprevent
skeletal muscle atrophy 2. Functional beverages containing these nutraceuticals seemed to protect against
oxidative damage 28! and enhance the gene expression of antioxidant enzymes in peripheral blood mononuclear
cells B2 in young athletes, but increasing nitrative damage (28! and the proinflammatory circulating environment in
response to the exercise B9, Furthermore, an antioxidant/anti-inflammatory cocktail did not cause any significant
effect in the prevention of muscle deconditioning induced by long-term inactivity in healthy men B9, These
heterogeneous results reflect the extremely complexyty of the redox homeostasis in skeletal muscle and the need

for more investigation.

Likewise, it has been reported that omega-3 and resveratrol could prevent aged retinal pigment epithelial (RPE)
cells damage and age-related macular degeneration 81, choroidal neovascularization 62 and they can be used for
designed dermatologic diets to improve skin barrier function for the treatment of dermatitis 83, Interestingly, several
esterified phenols with DHA have shown powerful antioxidant properties and high protection activities against
reactive aldehyde all-trans-retinal toxicity and photo-oxidative toxicity and constitute highly promising strategies for
the prevention of retinal degeneration ZUIZ2[731[74][75](76]
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Finally, some studies revealed that immune priming 4 and microbiota 82 in the newborn are tightly regulated by
maternal diet composition, particularly polyphenols and omega-3, affecting the infant health.

| 6. Conclusions

The health benefits of the combination of the bioactive properties of polyphenols and fish oil have been largely
supported by a growing amount of scientific evidence. Several synergistic, additive, or complementary antioxidant
and anti-inflammatory effects have been consistently reported, as well as modulation of lipid and lipoprotein
metabolism. Modulation of insulin signaling and gut microbiota were also found. Nevertheless, some bioactive
cocktails failed in reproducing the beneficial effects in clinical trials. This fact might be explained by the complexity
of the interaction of nutraceuticals-metabolism and mechanisms of action, as well as the strongly influence that
multiple factors exert on their bioactivity (chemical structure of polyphenols, diet EPA/DHA ratio, dietary framework,
presence of other bioactive substances pathophysiological condition, physical activity of patients, age, etc). The
adoption of multiomic and system biology strategies, and increasing the number of clinical trials would help fully
understanding how those nutraceuticals interact to each other in vivo and with the metabolism of a certain
organism. This knowledge is neccessary for the correct use of polyphenols and fish oil as part of personalized

nutrition.

References

1. Stephen L. DeFelice; The nutraceutical revolution: its impact on food industry R&D. Trends in
Food Science & Technology 1995, 6, 59-61, 10.1016/s0924-2244(00)88944-x.

2. Wolfgang Kopp; How Western Diet And Lifestyle Drive The Pandemic Of Obesity And Civilization
Diseases. Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019, ume 12, 2221-
2236, 10.2147/dms0.s216791.

3. Eduardo Rodriguez-Correa; Imelda Gonzalez-Pérez; Pedro Isauro Clavel-Pérez; Yolanda
Contreras-Vargas; Karla Carvajal; Biochemical and nutritional overview of diet-induced metabolic
syndrome models in rats: what is the best choice?. Nutrition & Diabetes 2020, 10, 1-15, 10.1038/s
41387-020-0127-4.

4. C M Ballantyne; Ron Hoogeveen; A M McNeill; G Heiss; M | Schmidt; B B Duncan; James
Pankow; Metabolic syndrome risk for cardiovascular disease and diabetes in the ARIC study.
International Journal of Obesity 2008, 32, S21-S24, 10.1038/ij0.2008.31.

5. Vincenzo Atella; Andrea Piano Mortari; Joanna Kopinska; Federico Belotti; Francesco Lapi;
Claudio Cricelli; Luigi Fontana; Trends in age-related disease burden and healthcare utilization.
Aging Cell 2018, 18, €12861, 10.1111/acel.12861.

https://encyclopedia.pub/entry/11547 18/27



Polyphenols and omega-3 as nutriceuticals | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

. Margalida Monserrat-Mesquida; Magdalena Quetglas-Llabrés; Xavier Cap0; Cristina Bouzas;

David Mateos; Antoni Pons; Josep A. Tur; Antoni Sureda; Metabolic Syndrome Is Associated with
Oxidative Stress and Proinflammatory State. Antioxidants 2020, 9, 236, 10.3390/antiox9030236.

. Hua Zhang; Rong Tsao; Dietary polyphenols, oxidative stress and antioxidant and anti-

inflammatory effects. Current Opinion in Food Science 2016, 8, 33-42, 10.1016/j.cofs.2016.02.00
2.

. Philip C. Calder; Omega-3 fatty acids and inflammatory processes: from molecules to man.

Biochemical Society Transactions 2017, 45, 1105-1115, 10.1042/bst20160474.

. Gabriel DaSilva; Isabel Medina; Lipidomic methodologies for biomarkers of chronic inflammation

in nutritional research: w-3 and w-6 lipid mediators. Free Radical Biology and Medicine 2019,
144, 90-109, 10.1016/j.freeradbiomed.2019.03.017.

Victor Fattori; Tiago H. Zaninelli; Fernanda S. Rasquel-Oliveira; Rubia Casagrande; Waldiceu A.
Verri; Specialized pro-resolving lipid mediators: A new class of non-immunosuppressive and non-
opioid analgesic drugs. Pharmacological Research 2020, 151, 104549, 10.1016/j.phrs.2019.1045
49.

Emilia Zgorzynska; Barbara Dziedzic; Anna Gorzkiewicz; Dawid Stulczewski; Katarzyna
Bielawska; Kuan-Pin Su; Anna Walczewska; Omega-3 polyunsaturated fatty acids improve the
antioxidative defense in rat astrocytes via an Nrf2-dependent mechanism. Pharmacological
Reports 2017, 69, 935-942, 10.1016/j.pharep.2017.04.009.

Hye-Yoon Bang; Sin-Aye Park; Soma Saeidi; Hye-Kyung Na; Young-Joon Surh;
Docosahexaenoic Acid Induces Expression of Heme Oxygenase-1 and NAD(P)H:quinone
Oxidoreductase through Activation of Nrf2 in Human Mammary Epithelial Cells. Molecules 2017,
22,969, 10.3390/molecules220609609.

Chiemi Sakai; Mari Ishida; Hideo Ohba; Hiromitsu Yamashita; Hitomi Uchida; Masao Yoshizumi;
Takafumi Ishida; Fish oil omega-3 polyunsaturated fatty acids attenuate oxidative stress-induced
DNA damage in vascular endothelial cells. PLOS ONE 2017, 12, e0187934, 10.1371/journal.pon
e.0187934.

Yasuaki Tatsumi; Ayako Kato; Kazunori Sango; Tatsuhito Himeno; Masaki Kondo; Yoshiro Kato;
Hideki Kamiya; Jiro Nakamura; Koichi Kato; Omega-3 polyunsaturated fatty acids exert anti-
oxidant effects through the nuclear factor (erythroid-derived 2)-related factor 2 pathway in
immortalized mouse Schwann cells. Journal of Diabetes Investigation 2018, 10, 602-612, 10.111
1/jdi.12931.

Francesca Oppedisano; Roberta Macri; Micaela Gliozzi; Vincenzo Musolino; Cristina Carresi;
Jessica Maiuolo; Francesca Bosco; Saverio Nucera; Maria Caterina Zito; Lorenza Guarnieri; et
al.Federica ScaranoCaterina NicitaAnna Rita CoppolettaStefano RugaMiriam ScicchitanoRocco
MollaceErnesto PalmaVincenzo Mollace The Anti-Inflammatory and Antioxidant Properties of n-3

https://encyclopedia.pub/entry/11547 19/27



Polyphenols and omega-3 as nutriceuticals | Encyclopedia.pub

16.

17.

18.

19.

20.

21.

22.

23.

PUFASs: Their Role in Cardiovascular Protection. Biomedicines 2020, 8, 306, 10.3390/biomedicine
s8090306.

Anabel Ferndndez-Iglesias; Helena Quesada; Sabina Diaz; David Pajuelo; Cinta Bladé; Lluis
Arola; M. Josepa Salvadod; Miquel Mulero; David Pajuelo Regura; DHA sensitizes FaO cells to
tert-BHP-induced oxidative effects. Protective role of EGCG. Food and Chemical Toxicology
2013, 62, 750-757, 10.1016/j.fct.2013.10.013.

Victor Pallares; Damien Calay; Lidia Cedo; Anna Castell-Auvi; Martine Raes; Montserrat Pinent;
Anna Ardévol; Lluis Arola; M. Teresa Blay; Enhanced anti-inflammatory effect of resveratrol and
EPA in treated endotoxin-activated RAW 264.7 macrophages. British Journal of Nutrition 2012,
108, 1562-1573, 10.1017/s0007114511007057.

Joseph Schwager; Nathalie Richard; Christoph Riegger; Norman Salem; w-3 PUFAs and
Resveratrol Differently Modulate Acute and Chronic Inflammatory Processes. BioMed Research
International 2015, 2015, 1-11, 10.1155/2015/535189.

Pricila R. M. Avila; Scherolin O. Marques; Thais F. Luciano; Marcelo F. Vitto; Julia Engelmann;
Daniela R. Souza; Sane V. Pereira; Ricardo Pinho; Fabio S. Lira; Claudio T. De Souza; et al.
Resveratrol and fish oil reduce catecholamine-induced mortality in obese rats: role of oxidative
stress in the myocardium and aorta. British Journal of Nutrition 2013, 110, 1580-1590, 10.1017/s0
007114513000925.

Lucia Méndez; Silvia Mufioz; Bernat Miralles-Pérez; Maria Rosa Nogués; Sara Ramos-Romero;
Josep Lluis Torres; Isabel Medina; Modulation of the Liver Protein Carbonylome by the Combined
Effect of Marine Omega-3 PUFAs and Grape Polyphenols Supplementation in Rats Fed an
Obesogenic High Fat and High Sucrose Diet. Marine Drugs 2019, 18, 34, 10.3390/md18010034.

Ester Casanova; Laura Baselga-Escudero; Aleix Ribas-Latre; Lidia Cedd; Anna Arola-Arnal;
Montserrat Pinent; Cinta Bladé; Lluis Arola; M. Josepa Salvadd; Chronic intake of
proanthocyanidins and docosahexaenoic acid improves skeletal muscle oxidative capacity in diet-
obese rats. The Journal of Nutritional Biochemistry 2014, 25, 1003-1010, 10.1016/}.jnutbio.2014.0
5.003.

Yasue Hosoyamada; Masako Yamada; Effects of Dietary Fish Oil and Apple Polyphenol on the
Concentration Serum Lipids and Excretion of Fecal Bile Acids in Rats. Journal of Nutritional
Science and Vitaminology 2017, 63, 21-27, 10.3177/jnsv.63.21.

Gabriel Dasilva; Manuel Pazos; Eduardo Garcia-Egido; José M. Gallardo; Sara Ramos-Romero;
Josep Torres; Marta Romeu; Maria-Rosa Nogués; Isabel Medina; A lipidomic study on the
regulation of inflammation and oxidative stress targeted by marine w-3 PUFA and polyphenols in
high-fat high-sucrose diets. The Journal of Nutritional Biochemistry 2017, 43, 53-67, 10.1016/j.jnut
bi0.2017.02.007.

https://encyclopedia.pub/entry/11547 20/27



Polyphenols and omega-3 as nutriceuticals | Encyclopedia.pub

24,

25.

26.

27.

28.

29.

30.

31.

32.

Nduria Taltavull, Bernat Miralles-Pérez; Maria Rosa Nogués; Sara Ramos-Romero; Lucia Méndez;
Isabel Medina; Josep Lluis Torres; Marta Romeu; Effects of Fish Oil and Grape Seed Extract
Combination on Hepatic Endogenous Antioxidants and Bioactive Lipids in Diet-Induced Early
Stages of Insulin Resistance in Rats. Marine Drugs 2020, 18, 318, 10.3390/md18060318.

Lucia Méndez; Sergio Ciordia; Maria Soledad Fernandez; Silvia Juarez; Antonio Ramos; Manuel
Pazos; José M. Gallardo; Josep Lluis Torres; M. Rosa Nogués; Isabel Medina; et al. Changes in
liver proteins of rats fed standard and high-fat and sucrose diets induced by fish omega-3 PUFAs
and their combination with grape polyphenols according to quantitative proteomics. The Journal of
Nutritional Biochemistry 2017, 41, 84-97, 10.1016/j.jnutbio.2016.12.005.

Sara Ramos-Romero; Eunice Molinar-Toribio; Jara Pérez-Jiménez; Nuria Taltavull; Gabriel
Dasilva; Marta Romeu; Isabel Medina; Josep Lluis Torres; The combined action of omega-3
polyunsaturated fatty acids and grape proanthocyanidins on a rat model of diet-induced metabolic
alterations. Food & Function 2016, 7, 3516-3523, 10.1039/c6fo00679e.

Olga Pozharitskaya; Alexander N. Shikov; Vera M. Kosman; Arina I. Selezneva; Irina N. Urakova;
Marina N. Makarova; Valery G. Makarov; Immunomodulatory and antioxidants properties of fixed
combination of fish oil with plant extracts. Synergy 2015, 2, 19-24, 10.1016/j.synres.2015.07.001.

M. K. Widjaja-Adhi Airanthi; Naoya Sasaki; Sayaka Iwasaki; Nobuko Baba; Masayuki Abe;
Masashi Hosokawa; Kazuo Miyashita; Effect of Brown Seaweed Lipids on Fatty Acid Composition
and Lipid Hydroperoxide Levels of Mouse Liver. Journal of Agricultural and Food Chemistry 2011,
59, 4156-4163, 10.1021/jf104643b.

Hanna Oszkiel; Jacek Wilczak; Michat Jank; Biologically active substances-enriched diet
regulates gonadotrope cell activation pathway in liver of adult and old rats. Genes & Nutrition
2014, 9, 1-14, 10.1007/s12263-014-0427-1.

Lars Verschuren; Peter Y. Wielinga; Wim Van Duyvenvoorde; Samira Tijani; Karin Toet; Ben Van
Ommen; Teake Kooistra; Robert Kleemann; A Dietary Mixture Containing Fish Oil, Resveratrol,
Lycopene, Catechins, and Vitamins E and C Reduces Atherosclerosis in Transgenic Mice. The
Journal of Nutrition 2011, 141, 863-869, 10.3945/jn.110.133751.

V M Kosman; D V Demchenko; Olga Pozharitskaya; A N Shikov; A | Selesneva; V G Makarov; M
N Makarova; [Cardioprotective effect of new functional food containing salmon oil with motherwort
oil extract].. Problems of Nutrition 2016, 86, 58-63, 10.24411/0042-8833-2017-00021.

Giuseppe Della Pepa; Claudia Vetrani; Marilena Vitale; Lutgarda Bozzetto; Giuseppina Costabile;
Paola Cipriano; Anna Mangione; Lidia Patti; Gabriele Riccardi; Angela Albarosa Rivellese; et
al.Giovanni Annuzzi Effects of a diet naturally rich in polyphenols on lipid composition of
postprandial lipoproteins in high cardiometabolic risk individuals: an ancillary analysis of a
randomized controlled trial. European Journal of Clinical Nutrition 2019, 74, 183-192, 10.1038/s41
430-019-0459-0.

https://encyclopedia.pub/entry/11547 21/27



Polyphenols and omega-3 as nutriceuticals | Encyclopedia.pub

33.

34.

35.

36.

37.

38.

39.

Giovanni Annuzzi; Lutgarda Bozzetto; Giuseppina Costabile; Rosalba Giacco; Anna Mangione;
Gaia Anniballi; Marilena Vitale; Claudia Vetrani; Paola Cipriano; Giuseppina Della Corte; et
al.Fabrizio PasanisiGabriele RiccardiAngela A Rivellese Diets naturally rich in polyphenols
improve fasting and postprandial dyslipidemia and reduce oxidative stress: a randomized
controlled trial. The American Journal of Clinical Nutrition 2013, 99, 463-471, 10.3945/ajcn.113.07
3445.

Lutgarda Bozzetto; Giovanni Annuzzi; Giovanni Pacini; Giuseppina Costabile; Claudia Vetrani;
Marilena Vitale; Ettore Griffo; Angela Giacco; Claudia De Natale; Sara Cocozza; et al.Giuseppe
Della PepaAndrea TuraGabriele RiccardiAngela A. Rivellese Polyphenol-rich diets improve
glucose metabolism in people at high cardiometabolic risk: a controlled randomised intervention
trial. Diabetologia 2015, 58, 1551-1560, 10.1007/s00125-015-3592-x.

Isabel Bondia-Pons; Paivi POho; Lutgarda Bozzetto; Claudia Vetrani; Lidia Patti; Anna-Marja Aura;
Giovanni Annuzzi; Tuulia Hyo6tylainen; Angela Albarosa Rivellese; Matej Oresic; et al. Isoenergetic
diets differing in their n -3 fatty acid and polyphenol content reflect different plasma and HDL-
fraction lipidomic profiles in subjects at high cardiovascular risk. Molecular Nutrition & Food
Research 2014, 58, 1873-1882, 10.1002/mnfr.201400155.

Ahmad Zare Javid; Leila Maghsoumi-Norouzabad; Elnaz Ashrafzadeh; Hojat Allah
Yousefimanesh; Mehrnoosh Zakerkish; Kambiz Ahmadi Angali; Maryam Ravanbakhsh; Hossein
Babaei; Impact of Cranberry Juice Enriched with Omega-3 Fatty Acids Adjunct with Nonsurgical
Periodontal Treatment on Metabolic Control and Periodontal Status in Type 2 Patients with
Diabetes with Periodontal Disease. Journal of the American College of Nutrition 2017, 37, 71-79,
10.1080/07315724.2017.1357509.

E. Griffo; L. Di Marino; Lidia Patti; Lutgarda Bozzetto; G. Annuzzi; P. Cipriano; A. Mangione;
Giuseppe Della Pepa; S. Cocozza; G. Riccardi; et al.A.A. Rivellese Test meals rich in marine
long-chain n-3 polyunsaturated fatty acids increase postprandial chylomicron response. Nutrition
Research 2014, 34, 661-666, 10.1016/j.nutres.2014.07.005.

Agnieszka Sut; Krzysztof Chizynski; Marcin Rézalski; Jacek Golanski; High omega-3 fatty acids
and low omega-6/omega-3 ratio but not polyphenols in diet decrease inflammatory markers in
men with chronic coronary syndrome treated with percutaneous coronary intervention.. null 2019,

Claudia Vetrani; Johanna Maukonen; Lutgarda Bozzetto; Giuseppe Della Pepa; Marilena Vitale;
Giuseppina Costabile; Gabriele Riccardi; Angela Albarosa Rivellese; Maria Saarela; Giovanni
Annuzzi; et al. Diets naturally rich in polyphenols and/or long-chain n-3 polyunsaturated fatty
acids differently affect microbiota composition in high-cardiometabolic-risk individuals.
International Journal of Earth Sciences 2020, 57, 853-860, 10.1007/s00592-020-01494-9.

https://encyclopedia.pub/entry/11547 22/27



Polyphenols and omega-3 as nutriceuticals | Encyclopedia.pub

40.

41.

42.

43.

44,

45.

46.

47.

Bianca Scolaro; Marina Sayuri Nogueira; Aline Paiva; Adriana Bertolami; Lucia P. Barroso; Tomas
Vaisar; Sean P. Heffron; Edward A. Fisher; Inar A. Castro; Statin dose reduction with
complementary diet therapy: A pilot study of personalized medicine. Molecular Metabolism 2018,
11, 137-144,10.1016/j.molmet.2018.02.005.

Clinton J. Dahlberg; Joseph J. Ou; John G. Babish; Joseph J. Lamb; Sarah Eliason; Holly
Brabazon; Wei Gao; Mohan R. Kaadige; Matthew L. Tripp; A 13-week low glycemic load diet and
lifestyle modification program combining low glycemic load protein shakes and targeted
nutraceuticals improved weight loss and cardio-metabolic risk factors. Canadian Journal of
Physiology and Pharmacology 2017, 95, 1414-1425, 10.1139/cjpp-2016-0704.

Anthony Damiot; Rémi Demangel; John Noone; Isabelle Chery; Alexandre Zahariev; Sylvie
Normand; Thomas Brioche; Francgois Crampes; Isabelle De Glisezinski; Etienne Lefai; et al.Marie-
Pierre BareilleANGELE ChopardJocelyne DraiDelphine Collin-ChavagnacMartina
HeerGuillemette Gauquelin-KochMichel ProstPatrick SimonGuillaume PyStéphane BlancChantal
SimonAudrey BergouignanDonal J. O'gorman A nutrient cocktail prevents lipid metabolism
alterations induced by 20 days of daily steps reduction and fructose overfeeding: result from a
randomized study. Journal of Applied Physiology 2019, 126, 88-101, 10.1152/japplphysiol.00018.
2018.

Raffaele Serra; Bruno Amato; Rita Compagna; Maurizio Amato; Luca Gallelli; Stefano de
Franciscis; Aterofisiol® in carotid plaque evolution. Drug Design, Development and Therapy 2015,
ume 9, 3877-3884, 10.2147/dddt.s87609.

Nurit Hadad; Rachel Levy; Combination of EPA with Carotenoids and Polyphenol Synergistically
Attenuated the Transformation of Microglia to M1 Phenotype Via Inhibition of NF-kB.
NeuroMolecular Medicine 2017, 19, 436-451, 10.1007/s12017-017-8459-5.

Aline Yammine; Thomas Nury; Anne Vejux; Norbert Latruffe; Dominique Vervandier-Fasseur;
Mohammad Samadi; Héléne Greige-Gerges; Lizette Auezova; Gérard Lizard; Prevention of 7-
Ketocholesterol-Induced Overproduction of Reactive Oxygen Species, Mitochondrial Dysfunction
and Cell Death with Major Nutrients (Polyphenols, w3 and w9 Unsaturated Fatty Acids) of the
Mediterranean Diet on N2a Neuronal Cells. Molecules 2020, 25, 2296, 10.3390/molecules251022
96.

Jency Thomas; Manohar Lal Garg; Douglas William Smith; Dietary supplementation with
resveratrol and/or docosahexaenoic acid alters hippocampal gene expression in adult C57BI/6
mice. The Journal of Nutritional Biochemistry 2013, 24, 1735-1740, 10.1016/j.jnutbio.2013.03.00
2.

Laura Fernandez-Fernandez; Gemma Comes; Irene Bolea; Tony Valente; Jessica Ruiz; Patricia
Murtra; Bartolomé Ramirez; Neus Anglés; Jordi Reguant; José Ramon Morello; et al.Merce
BoadaJuan HidalgoRosa M EscorihuelaMercedes Unzeta LMN diet, rich in polyphenols and

https://encyclopedia.pub/entry/11547 23/27



Polyphenols and omega-3 as nutriceuticals | Encyclopedia.pub

48.

49.

50.

51.

52.

53.

54.

55.

polyunsaturated fatty acids, improves mouse cognitive decline associated with aging and
Alzheimer's disease. Behavioural Brain Research 2012, 228, 261-271, 10.1016/}.bbr.2011.11.014.

Laura Fernandez-Fernandez; Gerard Esteban; Mercedes Giralt; Tony Valente; Irene Bolea,
Montse Solé; Ping Sun; Susana Benitez; José Ramon Morelld; Jordi Reguant; et al.Bartolomeé
RamirezJuan HidalgoMercedes Unzeta Catecholaminergic and cholinergic systems of mouse
brain are modulated by LMN diet, rich in theobromine, polyphenols and polyunsaturated fatty
acids. Food & Function 2015, 6, 1251-1260, 10.1039/c5fo00052a.

Sabrina Salberg; Glenn Yamakawa; Jennaya Christensen; Bryan Kolb; Richelle Mychasiuk;
Assessment of a nutritional supplement containing resveratrol, prebiotic fiber, and omega-3 fatty
acids for the prevention and treatment of mild traumatic brain injury in rats. Neuroscience 2017,
365, 146-157, 10.1016/j.neuroscience.2017.09.053.

Samskruthi Madireddy; Sahithi Madireddy; Most Effective Combination of Nutraceuticals for
Improved Memory and Cognitive Performance in the House Cricket, Acheta domesticus. Nutrients
2021, 13, 362, 10.3390/nu13020362.

Milan Fiala; Ramesh C. Halder; Bien Sagong; Olivia Ross; James Sayre; Verna Porter; Dale E.
Bredesen; w-3 Supplementation increases amyloid-f3 phagocytosis and resolvin D1 in patients
with minor cognitive impairment. The FASEB Journal 2015, 29, 2681-2689, 10.1096/f].14-264218.

Catherine Moran; A. Scotto di Palumbo; J. Bramham; A. Moran; B. Rooney; G. De Vito; B. Egan;
Effects of a Six-Month Multi- Ingredient Nutrition Supplement Intervention of Omega-3
Polyunsaturated Fatty Acids, Vitamin D, Resveratrol, and Whey Protein on Cognitive Function in
Older Adults: A Randomised, Double-Blind, Controlled Trial. The Journal of Prevention of
Alzheimer's Disease 2018, 5, 1-9, 10.14283/jpad.2018.11.

Susan B Roberts; Maria A Franceschini; Rachel E Silver; Salima F Taylor; Augusto Braima De Sa;
Raimundo Co; Aliu Sonco; Amy Krauss; Amy Taetzsch; Patrick Webb; et al.Sai Krupa DasC-Y
ChenBeatrice L RogersEdward SaltzmanPei-Yi LinNina SchlossmanWilliam PruzenskyCarlito
BaléKenneth Kwan Ho ChuiPaul Muentener Effects of food supplementation on cognitive
function, cerebral blood flow, and nutritional status in young children at risk of undernutrition:
randomized controlled trial. BMJ 2020, 370, m2397, 10.1136/bmj.m2397.

Eunjoo Kim; Laurie A Davidson; Roger S Zoh; Martha E Hensel; Michael L Salinas;
Bhimanagouda S Patil; Guddadarangavvanahally K Jayaprakasha; Evelyn S Callaway; Clinton D
Allred; Nancy D Turner; et al.Brad R WeeksRobert S Chapkin Rapidly cycling Lgr5+ stem cells
are exquisitely sensitive to extrinsic dietary factors that modulate colon cancer risk. Cell Death &
Disease 2016, 7, e2460-e2460, 10.1038/cddis.2016.269.

N. Martinez; M. Herrera; L. Frias; Mariano Provencio; R. Pérez-Carrion; V. Diaz; Michael Morse;
Maria Del Carmen Crespo; A combination of hydroxytyrosol, omega-3 fatty acids and curcumin
improves pain and inflammation among early stage breast cancer patients receiving adjuvant

https://encyclopedia.pub/entry/11547 24/27



Polyphenols and omega-3 as nutriceuticals | Encyclopedia.pub

56.

57.

58.

59.

60.

61.

62.

63.

hormonal therapy: results of a pilot study. Clinical and Translational Oncology 2018, 21, 489-498,
10.1007/s12094-018-1950-0.

Giorgio Ilvan Russo; Tatiana Solinas; Daniele Urzi; Salvatore Privitera; Daniele Campisi; Andrea
Cocci; Marco Carini; Massimo Madonia; Sebastiano Cimino; Giuseppe Morgia; et al. Adherence
to Mediterranean diet and prostate cancer risk in Sicily: population-based case—control study.
International Journal of Impotence Research 2018, 31, 269-275, 10.1038/s41443-018-0088-5.

John M. Lawler; Erika L. Garcia-Villatoro; Vinicius Guzzoni; Jeff M. Hord; Rachel Botchlett; Dylan
Holly; Matthew S. Lawler; Mariana Janini Gomes; Pat Ryan; Dinah Rodriguez; et al.J. Matthew
KuczmarskiJames D. FluckeySusanne Talcott Effect of combined fish oil & Curcumin on murine
skeletal muscle morphology and stress response proteins during mechanical unloading. Nutrition
Research 2019, 65, 17-28, 10.1016/j.nutres.2018.12.013.

X. Capé; Miquel Martorell; C. Busquets-Cortés; A. Sureda; J. Riera; F. Drobnic; J. A. Tur; A. Pons;
Effects of dietary almond- and olive oil-based docosahexaenoic acid- and vitamin E-enriched
beverage supplementation on athletic performance and oxidative stress markers. Food &
Function 2016, 7, 4920-4934, 10.1039/c6fo00758a.

Xavier Cap0; Miquel Martorell; Antoni Sureda; Joan Riera; Franchek Drobnic; Josep Antoni Tur;
Antoni Pons; Effects of Almond- and Olive Oil-Based Docosahexaenoic- and Vitamin E-Enriched
Beverage Dietary Supplementation on Inflammation Associated to Exercise and Age. Nutrients
2016, 8, 619, 10.3390/nu8100619.

Coralie Arc-Chagnaud; Guillaume Py; Théo Fovet; Rémi Roumanille; Rémi Demangel; Allan F.
Pagano; Pierre Delobel; Stéphane Blanc; Bernard J. Jasmin; Dieter Blottner; et al.Michele
SalanovaMari-Carmen Gomez-CabreraJosé VifiaThomas BriocheAngele Chopard Evaluation of
an Antioxidant and Anti-inflammatory Cocktail Against Human Hypoactivity-Induced Skeletal
Muscle Deconditioning. Frontiers in Physiology 2020, 11, -, 10.3389/fphys.2020.00071.

Ali Koskela; Mika Reinisalo; Goran Petrovski; Debasish Sinha; Céline Olmiere; Reijo Karjalainen;
Kai Kaarniranta; Nutraceutical with Resveratrol and Omega-3 Fatty Acids Induces Autophagy in
ARPE-19 Cells. Nutrients 2016, 8, 284, 10.3390/nu8050284.

Alina Adriana Ivanescu; Patricia Fernandez-Robredo; Henar Heras-Mulero; Luis Manuel Sadaba-
Echarri; Laura Garcia-Garcia; Vanessa Fernandez-Garcia; Maite Moreno-Orduna; Aitor Redondo-
Exposito; Sergio Recalde; Alfredo Garcia-Layana; et al. Modifying Choroidal Neovascularization
Development with a Nutritional Supplement in Mice. Nutrients 2015, 7, 5423-5442, 10.3390/nu70
75229.

Angela Witzel-Rollins; MaryAnne Murphy; Iveta Becvarova; Stephen R. Werre; Marie-Christine
Cadiergues; Hein Meyer; Non-controlled, open-label clinical trial to assess the effectiveness of a
dietetic food on pruritus and dermatologic scoring in atopic dogs. BMC Veterinary Research 2019,
15, 1-10, 10.1186/s12917-019-1929-2.

https://encyclopedia.pub/entry/11547 25/27



Polyphenols and omega-3 as nutriceuticals | Encyclopedia.pub

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Nathalie Acevedo; Paolo Frumento; Hani Harb; Bilal Alashkar Alhamwe; Catharina Johansson;
Lisa Eick; Johan Alm; Harald Renz; Annika Scheynius; Daniel P. Potaczek; et al. Histone
Acetylation of Immune Regulatory Genes in Human Placenta in Association with Maternal Intake
of Olive Oil and Fish Consumption. International Journal of Molecular Sciences 2019, 20, 1060, 1
0.3390/ijms20051060.

Izaskun Garcia-Mantrana; Marta Selma-Royo; Sonia Gonzéalez; Anna Parra-Llorca; Cecilia
Martinez-Costa; Maria Carmen Collado; Distinct maternal microbiota clusters are associated with
diet during pregnancy: impact on neonatal microbiota and infant growth during the first 18 months
of life. Gut Microbes 2020, 11, 962-978, 10.1080/19490976.2020.1730294.

Sumudu N. Warnakulasuriya; Ziaullah; H. P. Vasantha Rupasinghe; Long Chain Fatty Acid Esters
of Quercetin-3-O-glucoside Attenuate H202-induced Acute Cytotoxicity in Human Lung
Fibroblasts and Primary Hepatocytes. Molecules 2016, 21, 452, 10.3390/molecules21040452.

Sumudu N. Warnakulasuriya; Ziaullah; H.P. Vasantha Rupasinghe; Novel long chain fatty acid
derivatives of quercetin-3-O-glucoside reduce cytotoxicity induced by cigarette smoke toxicants in
human fetal lung fibroblasts. European Journal of Pharmacology 2016, 781, 128-138, 10.1016/j.€]
phar.2016.04.011.

Wasundara Fernando; Melanie R.Power Coombs; David W. Hoskin; H.P.Vasantha Rupasinghe;
Docosahexaenoic acid-acylated phloridzin, a novel polyphenol fatty acid ester derivative, is
cytotoxic to breast cancer cells. Carcinogenesis 2016, 37, 1004-1013, 10.1093/carcin/bgw087.

Wasundara Fernando; Krysta Coyle; Paola Marcato; H.P. Vasantha Rupasinghe; David W.
Hoskin; Phloridzin docosahexaenoate, a novel fatty acid ester of a plant polyphenol, inhibits
mammary carcinoma cell metastasis. Cancer Letters 2019, 465, 68-81, 10.1016/j.canlet.2019.08.
015.

Aly Shamseddin; Céline Crauste; Erwan Durand; Pierre Villeneuve; Grégor Dubois; Teresa
Pavlickova; Thiery Durand; Joseph Vercauteren; Francisco Veas; Resveratrol-Linoleate protects
from exacerbated endothelial permeability via a drastic inhibition of the MMP-9 activity.
Bioscience Reports 2018, 38, 1-13, 10.1042/bsr20171712.

Céline Crauste; Mélissa Rosell; Thierry Durand; Joseph Vercauteren; Omega-3 polyunsaturated
lipophenols, how and why?. Biochimie 2016, 120, 62-74, 10.1016/j.biochi.2015.07.018.

Mélissa Rosell; Martin Giera; Philippe Brabet; Mikhail S. Shchepinov; Michel Guichardant; Thierry
Durand; Joseph Vercauteren; Jean-Marie Galano; Céline Crauste; Bis-allylic Deuterated DHA
Alleviates Oxidative Stress in Retinal Epithelial Cells. Antioxidants 2019, 8, 447, 10.3390/antiox81
00447.

Aurélie Cubizolle; David Cia; Espérance Moine; Nathalie Jacquemot; Laurent Guillou; Mélissa
Rosell; Claire Angebault-Prouteau; Guy Lenaers; Isabelle Meunier; Joseph Vercauteren; et
al.Thierry DurandCéline CraustePhilippe Brabet Isopropyl-phloroglucinol-DHA protects outer

https://encyclopedia.pub/entry/11547 26/27



Polyphenols and omega-3 as nutriceuticals | Encyclopedia.pub

74.

75.

76.

77.

78.

retinal cells against lethal dose of all- trans -retinal. Journal of Cellular and Molecular Medicine
2020, 24, 5057-5069, 10.1111/jcmm.15135.

Espérance Moine; Philippe Brabet; Laurent Guillou; Thierry Durand; Joseph Vercauteren; Céline
Crauste; New Lipophenol Antioxidants Reduce Oxidative Damage in Retina Pigment Epithelial
Cells. Antioxidants 2018, 7, 197, 10.3390/antiox7120197.

Espérance Moine; Manel Boukhallat; David Cia; Nathalie Jacquemot; Laurent Guillou; Thierry
Durand; Joseph Vercauteren; Philippe Brabet; Céline Crauste; New lipophenols prevent carbonyl
and oxidative stresses involved in macular degeneration. Free Radical Biology and Medicine
2021, 162, 367-382, 10.1016/j.freeradbiomed.2020.10.316.

Nicolas Taveau; Aurélie Cubizolle; Laurent Guillou; Nicolas Pinquier; Espérance Moine; David
Cia; Vasiliki Kalatzis; Joseph Vercauteren; Thierry Durand; Céline Crauste; et al.Philippe Brabet
Preclinical pharmacology of a lipophenol in a mouse model of light-induced retinopathy.
Experimental & Molecular Medicine 2020, 52, 1090-1101, 10.1038/s12276-020-0460-7.

Espérance Moine; Manel Boukhallat; David Cia; Nathalie Jacquemot; Laurent Guillou; Thierry
Durand; Joseph Vercauteren; Philippe Brabet; Céline Crauste; New lipophenols prevent carbonyl
and oxidative stresses involved in macular degeneration. Free Radical Biology and Medicine
2021, 162, 367-382, 10.1016/j.freeradbiomed.2020.10.316.

Nicolas Taveau; Aurélie Cubizolle; Laurent Guillou; Nicolas Pinquier; Espérance Moine; David
Cia; Vasiliki Kalatzis; Joseph Vercauteren; Thierry Durand; Céline Crauste; et al.Philippe Brabet
Preclinical pharmacology of a lipophenol in a mouse model of light-induced retinopathy.
Experimental & Molecular Medicine 2020, 52, 1090-1101, 10.1038/s12276-020-0460-7.

Retrieved from https://encyclopedia.pub/entry/history/show/27240

https://encyclopedia.pub/entry/11547

27127



