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/Abstract h

Background: The epidemic of obesity, metabolic syndrome, type 2 diabetes and non-alcoholic fatty liver disease is currently
unsustainable for Public Health systems, and preventive and therapeutic approaches are urgently sought to improve health out-
comes for affected individuals.

Aim: In this study, we aim to further explore and synthetize available evidence on the effects of selected Plant Polyphenols (PP)
upon molecular mechanisms associated with oxidative stress and inflammatory pathways. We also aim to briefly discuss PP
supplementation as therapeutic tool for the prevention and management of prevalent obesity-associated metabolic disorders.

Methods: This narrative review was performed in the PubMed database in June 2018 without restriction of publication period.

Results: PP influence a broad range of cell signalling pathways; by modulating the activity of nuclear transcription factors, PP
modulate gene expression and antioxidant responses, as well as inflammation and its resolution. Several interventional studies
have investigated the effects of PP supplementation in a variety of sample populations, but no consensus has yet been reached
regarding composition, dosage or course of treatment for therapeutic purposes. However, overall results tend to suggest a posi-
tive effect of PP in either improving metabolic profile or minimizing negative disease outcomes. Careful consideration on PP
supplementation is paramount; adverse effects have already been described.

Conclusion: The successful prevention and management or treatment of obesity-associated metabolic disorders may be achieved
through an effective multidisciplinary approach to tackle their modifiable risk factors. A balanced diet, which includes naturally
occurring sources of PP associated with lower consumption of ultra-processed foods, is a relevant approach for the positive
health outcomes desired. )
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Introduction

Amassing amounts of epidemiological data confirm the
positive associations and common risk factors between obesity
and Non-Alcoholic Fatty Liver Disease (NAFLD) with other
chronic metabolic conditions such as metabolic syndrome,
Type 2 Diabetes (T2D) and cardiovascular diseases [1,2]. These
arguably preventable chronic metabolic disorders are known to
reduce life expectancy, and their combined burden to the global
Public Health system is currently unbearable. Their prevalence
is believed to be increasing [3], and their negative impact upon
the quality of life and wellbeing of affected individuals is highly
detrimental. Metabolic syndrome covers a cluster of comorbidities
including hypertension, dyslipidaemia, hyperglycaecmia and
obesity, particularly visceral obesity [3], which in turn are also
major risk factors for cardiovascular disease and T2D [4]. In the
USA, the prevalence of Metabolic Syndrome is believed to be at
approximately 22.5% of the adult population [5]; but other studies
have found higher prevalence, for example in 56.3% of individuals
aged 50 years or older [6].

NAFLD covers a broad term of conditions affecting the liver,
but their common manifestations include excessive accumulation
of fat in hepatocytes, insulin resistance and metabolic syndrome
[7]. The prevalence of NAFLD is estimated at 10 to 40% of adults
worldwide, and approximately 40% of the affected individuals
show increased levels of pro-inflammatory biomarkers [7]. As the
prevalence and costs of obesity-associated metabolic disorders
are predicted to increase, modern societies welcome new and
affordable approaches for the effective prevention, management
and possibly treatment of such conditions. Recent studies have
suggested that resveratrol and flavonoids, molecules belonging to
the large family of Plant Polyphenols (PP), have beneficial effects
against the development and manifestations of metabolic disorders
[8,9,10].

Plant Polyphenols (PP) are organic compounds characterized
by the presence of phenolic structural units, highly relevant in plant
biology for their properties in defence against ultraviolet radiation
and pathogens [11]. PP include heterogeneous families of over
8,000 molecules commonly classified as phenolic acids, stilbenes,
lignans and flavonoids [12]. In specific regards to flavonoids,
these are members of a large subfamily of PP featuring over 6,000
compounds including flavones, flavonols, flavanols, flavanones,
isoflavones, anthocyanins and chalcones, which are found in a
vast range of fruits and vegetables [13,14]. Fruits rich in PP may
contain up to 200 to 300 mg of PP per 100 g wet weight, whilst up
to 100 mg of PP can be found in a cup of tea, coffee or a glass of
red wine [13].

The digestion, absorption and metabolism of flavonoids
are heavily dependent on their molecular presentation, whether
monomeric, also known as aglycones, or glycosylated forms.
The digestion of flavonoid glycosides begins with the process of
mastication, supported by the action of the oral microbiota, which
is known to secrete B-glucosidase [15,16]. Only approximately 5%
to 10% of flavonoid glycosides are absorbed in the small intestine
[16,17]; the largest proportion usually reaching the intestinal colon
undigested, where they are partially hydrolysed by enterobacteria,
with the corresponding aglycones subsequently released for
absorption [16]. Glycosylated flavonoids are poorly absorbed by
the gastrointestinal tract due to their hydrophilic properties [18].

Once digested and absorbed by the gastrointestinal tract,
a complex process heavily dependent upon the gut microbiota
[15-17], flavonoids are metabolized in the liver by complex
hydroxylation, methylation, glucuronidation and sulphation
reactions [16]. Their conjugated metabolites are released into
the bloodstream and target extra-hepatic tissues; it is however
understood that any excess of circulating conjugated flavonoid
is reabsorbed by the liver and excreted with bile into the small
intestine, subsequently being either re-hydrolysed and reabsorbed
by enterocytes or excreted in the faeces [19].

Resveratrol is a polyphenol belonging to the class of stilbenes
[20] with several reported beneficial effects for human health
[8,9]. Resveratrol is found abundantly in purple grapes, red wine
and other products derived from grapes, blueberries, gooseberries,
blackberries and pomegranate [13,14]. Resveratrol appears to
show high absorption rate but low bioavailability [21], possibly
due to a range of bioconversion events involving hydroxylation
[22], glycosylation, methylation [23], and hydrolysis [24], not
only in the liver but also in other peripheral tissues.

The Influence of Plant Polyphenols in Signal
Transduction Pathways

PP can act as receptor ligands, promoting interactions
with various cell-signalling pathways, and disturbances in these
pathways may be associated with the aetiology of chronic diseases.
For example, the binding of dihydroxyflavone, a PP commonly
found in flowering plants, to Tropomyosin Receptor Kinase (TRK)
triggers autophosphorylation and subsequent activation of these
receptors [25]. This particular signalling system not only is relevant
for the activity of brain-derived factors for maintenance of neural
tissue homeostasis, but also may be involved in neurodegeneration.
The activation of the Adenosine Monophosphate-Activated Protein
Kinase (AMPK) triggers intrahepatic fatty acid oxidation, inhibits
lipogenesis and cholesterol synthesis, and modulates insulin
secretion by pancreatic beta cells [26]; pathways constitutively
activated as result of decreased energy availability for the cell [27].
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It has been described that PP, including anthocyanins and others,
can stimulate AMPK activation [13,28]; consequently, PP-AMPK
interactions may be potential molecular targets for metabolic
disarrangements.

The Mitogen-Activated Kinase (MAPK) and the Kinase
Regulated by Extracellular Signals (ERKSs) proteins are intracellular
signalling proteins constitutively activated by various growth
factors, leading to activation of pathways involved in control of
proliferation, differentiation, survival, apoptosis and cell migration
[25,29]. Flavonoids are known to interact with MAPK and ERKs
[30], possibly modulating inflammatory mechanisms, and also
likely to modulate the risk of metabolic disarrangements related
to these pathways. ERKs belong to the superfamily of MAPKs,
and are responsible for phosphorylation of the cyclic Adenosine
Monophosphate (cAMP)-Responsive Element-Binding Protein
(CREB) [25]. CREB is a transcription factor that recognizes
the sequence of nucleotides located in its target genes, known
as Cyclic AMP-Response Elements (CRE). CRE can be found
in the regulatory regions of genes such as tyrosine hydroxylase,
somatostatin, corticotropin-releasing hormone, as well as in genes
involved in circadian rhythms such as the Period Circadian Protein
Homolog 1 and 2 (PER1 and 2). When CREB binds to the CRE
domain, the newly formed dimer acts as a transcriptional regulator
of genes related to cell protection, modulated by the nuclear factor-
erythroid 2-related factor 2 (Nrf2) pathway [25], which will be
discussed in more detail later.

It is understood that CRE is responsive to resveratrol,
but it does not present the very same level of response to other
phytochemicals such as quercetin, curcumin and naringenin [31],
whichsuggestsnotall PP can actas signalling molecules and activate
CREB-mediated gene transcription. The effects of resveratrol
in the positive regulation of CRE-mediated gene transcription,
as well as its potential for transcriptional activation of CREB
and Activating Transcription Factor 2 (ATF2) [31], suggest this
polyphenol may have important functions in cell protection. The
activation of Protein Kinase B (Akt) is induced by cAMP, which is
also involved in the activation of the Exchange Protein Activated
by cAMP (Epacl) [32,33]. It has been shown in High Fat Diet
(HFD)-fed obese mice that resveratrol supplementation induces
effects similar to those of calorie restriction, inhibiting the cAMP-
degrading Phosphodiesterase (PDE) activity, as well as activating
the cAMP-Akt pathway, leading to Epacl activation [34]. Epacl
activation may provide protection against metabolic manifestations
induced by obesity and glucose intolerance induced by diet.

Resveratrol administration to murine 3T3-L1 pre-adipocytes
has not only increased the expression of the Sirtuin 1 (SirT1) gene
and protein levels, but also reduced the expression of Survivin [35],
a protein involved in inflammatory and apoptotic pathways and

whose overexpression is positively related to tumour progression
[36,37]. The modulation of AMPK, Akt and Survivin pathways
by resveratrol suggests the possible therapeutic applications of
PP in the prevention and possibly treatment of obesity and related
metabolic disorders [35,38].

An in vitro study showed a dose response effect of resveratrol
administration on differentiation of vascular smooth muscle
cells, involving various signalling pathways. After low dose (3-5
uM) resveratrol, cell differentiation occurred via SirT1 and Akt
activation, independently of AMPK. However, after higher dose
(30 uM), the stimulus for differentiation occurred via a more
complex signalling pathway, involving not only AMPK activation
but also inhibition of the Mammalian Target of Rapamycin
Complex 1 (mTORCI1) pathway [39]. SirT1 and Akt activation
induced by resveratrol improved insulin sensitivity and decreased
the gene transcription and activity of pro-inflammatory proteins
[40]. The inhibition of the mTOR pathway induced by higher
doses of resveratrol is particularly relevant in obesity-associated
metabolic disorders as this pathway is involved in a range of
intracellular events, including regulation of gene transcription and
protein translation, energy homeostasis, ribosome biogenesis and
cell response to hypoxia [41].

HFD-fed mice supplemented with 0.1% resveratrol showed
significantly increased mRNA expression of Uncoupling Protein
1 (UCP1), PGC-1a, Cytochrome C and Pyruvate Dehydrogenase
[42]. In the same study, adipocytes harvested from these animals
and incubated with resveratrol showed higher phosphorylation
of AMPKal and increased fatty acid oxidation [42]. In another
study with HFD-obese mice, 0.4% resveratrol supplementation
significantly reduced the expression of key genes involved in
adipogenesis, including Peroxisome Proliferator-Activated
Receptor Gamma 2 (PPARYy2), Sterol Regulatory Element-Binding
Protein lc (SREBP-1c¢), Fatty Acid Synthase, Lipoprotein Lipase
(LPL) and Adipocyte P2 Protein (aP2), as compared to control
mice fed the HFD only [43]. Collectively, these results suggest
resveratrol may ameliorate metabolic disarrangements induced by
obesity.

As resveratrol increases the bioavailability of cytosolic
cAMP, it amplifies signalling transduction cascades involving
Epacl, Ca"‘/calmodulin-dependent protein kinase kinase J3
(CaMKKp) and AMPK. The Epacl/CaMKKB/AMPK pathway
is controlled by the SirT1/PGC-1a signal [34] and is known to
regulate metabolic processes including energy metabolism, fatty
acid oxidation, gluconeogenesis, mitochondrial biogenesis and
respiration [27]. In a relatively small randomized double-blind
crossover study involving obese men, resveratrol supplementation
for 30 days increased Citrate Synthase activity in skeletal muscle,
favouring mitochondrial metabolism via AMPK-SIRT1-PGCla
activation [44].
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A combined in vitro and in vivo study showed that resveratrol
treatment increased cAMP, SirT1, phosphorylated Protein Kinase
A (pPKA), AMPK and SirT activity in HepG2 cells. In mice with
induced hepatic steatosis, resveratrol administration reduced
palmitate-induced lipid accumulation, increased fatty acid
B-oxidation in harvested hepatocytes, and ameliorated hepatic
steatosis, results partially attributed to induction of hepatocyte
autophagy via activation of the cAMP-pPKA-AMPK-SirT1
signalling pathway [45]. In summary, these results suggest
resveratrol may have a potentially preventative role, and possibly a
therapeutic one, in the pathogenesis and manifestations of obesity,
NAFLD, metabolic syndrome, T2D and cardiovascular disease.
The effects of PP, obtained either from diet or supplementation,
upon the modulation of metabolic disarrangements is a relatively
new field of research worth of further detailed investigation.

Plant Polyphenols Modulate Inflammation and
Oxidative Stress

Recent evidence suggests PP can influence gene expression
by binding to specific transcription factors, influencing metabolic
pathways related to the modulation of inflammation and
Oxidative Stress (OS). The well documented NF-kB pathway,
which transcribes pro-inflammatory mediators and is involved in
various cell processes such as apoptosis and differentiation [46],
is activated by a variety of endogenous and exogenous triggers of
inflammation, including monosodium glutamate, fructose, alcohol,
tobacco, glucocorticoids, Lipopolysaccharide (LPS), ultraviolet
radiation, inducible Nitric Oxide Synthase, Cyclooxygenases 1
and 2 (COX-1 and COX-2), pro-inflammatory cytokines such as
interleukin 1 (IL-1) and Tumour Necrosis Factor alpha (TNF-a)
[47,48], and others.

Procyanidin, a potent PP belonging to the family of flavonoids
and found in grape skin, grape seeds and green tea, appears to
regulate NF-kB at various steps of its signalling cascade. In the
earlier steps of this pathway, procyanidins may modulate TkappaB
kinase activity as well as cytoplasmic retention of the dimer p65:
p50. In the subsequent steps, procyanidins appear to inhibit the
nuclear translocation of NF-kB pro-inflammatory dimers, and their
subsequent binding to the promoter regions of target genes [49]. It
has been demonstrated that microglial cells submitted to hypoxia
and supplemented with resveratrol significantly decrease NF-kB
activation and increase Brain-derived Neurotrophic Factor (BDNF)
and IL-10 gene expression [50]. In a similar way, activation of
the SirT transcription factor by resveratrol induces deacetylation
of the NF-kB-p65 active dimer, inhibiting its binding to DNA,
consequently suppressing the expression of cyclooxygenases,
peroxidases and lipoxidases associated with various inflammatory
pathways.

Fructose-fed diabetic rats treated with resveratrol showed
decreased activity of the NF-kB-p65 molecular pathway, as
well as attenuated OS, in heart tissue [51]. These results further
suggest that the anti-inflammatory properties of PP appear to occur
mainly via inhibition of the NF-kB pathway [52], with consequent
reduction of gene expression, translation and secretion of several
pro-inflammatory mediators. The Early Growth Response Gene-1
(EGR1) transcribes a superfamily of nuclear transcription factors
named EGR-1 proteins, which act as modulatory factors for cell
differentiation, mitogenesis, haematopoiesis, angiogenesis and
tissue repair [53,54], but are also involved in carcinogenesis,
atherosclerosis, liver fibrosis, OS and inflammation [54]. Turmeric
is rich in curcumin, a PP known for its anti-inflammatory properties
[55,56] and discussed later in this review. The main inflammatory
signalling pathway inhibited by curcumin is believed to be the one
controlled by EGR1 [55]. Curcumin is also believed to suppress
the EGRI1 gene activity by interruption of the ERK signalling
pathway [53]. A study employing Caco-2 and HT-29 cells, which
are non- and low-mucus producing colorectal adenocarcinoma
cells, respectively, treated with curcumin showed reduced binding
activity of the EGRI1 transcription factor to its Epidermal Growth
Factor Receptor (EGFR), which also functions as a responsive
element to curcumin [53].

PP have been recently described as inhibitors of the gene
expression of Oestrogen Receptor, EGFR and ERK, as well
as modulators of ERK phosphorylation and modulators of the
Phosphatidylinositol 3-kinase / Protein Kinase B (PI3K/Akt)
pathway [57]. These pathways are involved in vital cell functions
such as growth, proliferation, differentiation, mobility, survival
and intracellular transport [57]. The Serine/Threonine Kinase
PI3K/Akt pathway can be induced by OS, which in turn induces
pro-inflammatory responses. However, the excessive activation
of this pathway is linked to the pathogenesis of chronic diseases
that feature a pro-inflammatory component, such as NAFLD,
atherosclerosis and myocardial infarction [58].

The transcription pathway modulated by Nrf2 is an important
mechanism employed by the cell to control OS levels. When
bound to the Kelch-like ECH-Associated Protein (Keap1), Nrf2 is
inactivated, sequestered in the cytosol and degraded via ubiquitin-
proteasomes. Molecular insults of oxidative nature induce Nrf2
phosphorylation, which releases Keap1 for degradation by ubiquitin
proteasomes, with subsequent translocation of the activated Nrf2
to the cell nucleus. Once in the nucleus, Nrf2 heterodimerizes with
Small Musculoaponeurotic Fibrosarcoma (small Maf) proteins,
facilitating its specific binding to the Antioxidant Response
Element (ARE) promoter regions, transcribing antioxidant and
phase II detoxifying enzymes that combat the original molecular
insults [46,59,60]. OS levels modulate the activity of the Keapl/
Nrf2 pathway, and more recently, it has been found this pathway
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can also be activated by PP [61]. Because the Keapl/Nrf2
heterodimer induces the expression of detoxifying and antioxidant
enzymes, PP supplementation could be relevant to minimize the
biochemical disarrangements observed in the pathophysiology of
obesity-associated inflammatory metabolic disorders.

In NAFLD for example, the activation of pro-inflammatory
signalling pathways in hepatocytes due to translocation of
lipopolysaccharides from the gut lumen, or due to the higher
influx of pro-inflammatory cytokines secreted by the excessive
amounts of adipose tissue, are some of the molecular mechanisms
known to induce OS in various cell compartments [62]. In that
regard, it is known that NF-kB can supress the transcription of
ARE-dependent genes [46], and both Nrf2 and NF-kB compete
for binding to the CREB. The upregulation of Nrf2 by PP may
reduce the activity of the pro-inflammatory NF-kB [63], which
reinforces the hypothesis that PP have relevant anti-inflammatory
and anti-oxidant properties. PP may exert not only a direct effect
stimulating the formation of the small Maf-Nrf2 dimer, but also
pre-transcriptionally, activating kinases such as PI3K, p38, ERK,
PKC and JNK, which in turn release the Nrf2 transcription off its
inhibitory complex Keap1/Nrf2. It is understood PP not only can
act in the ubiquitin-proteasome pathway inhibiting proteolytic
degradation of the Nrf2 and thereby prolonging its half-life, PP
can also promote Nrf2 translocation to the nucleus and its binding
to ARE, consequently inducing the transcription of target genes
[64,65].

The promoter regions ARE and Xenobiotic-Responsive
Element (XRE) are found in various target genes regulated by Nrf2.
Constitutively, Nrf2 binds to ARE and induces upregulation of
anti-oxidant systems, whilst XRE is activated by the transcription
factor Aryl Hydrocarbon Receptor (AhR), leading to the same
effect [46]. Both harmful xenobiotics and PP, including resveratrol
and curcuminoids, can lead to the activation of AhR. Consequently,
PP consumption favours the elimination of xenobiotics and
carcinogens such as dioxin, once all these molecules compete for
binding to the AhR [66-70].

Resveratrol Supplementation in
Associated Metabolic Disorders

Obesity-

Recent evidence suggests that resveratrol, via its antioxidant
and anti-inflammatory actions on various metabolic pathways, may
positively influence outcomes associated with the management of
obesity-associated metabolic disorders [71]. A meta-analysis study
involving 388 individuals supplemented daily with doses ranging
from 8 to 1,500 mg of resveratrol showed significantly improved
glycaemic control and insulin sensitivity in the T2D participants
included in the study [41]. A case-control study involving patients
with uncomplicated T2D and patients with proliferative and non-

proliferative diabetic retinopathy found significantly decreased
levels of BDNF and Lipoxin A4 (LXA4), and increased IL-6,
in relation to healthy control subjects [72]. Whilst IL-6 is pro-
inflammatory, LXA4 is heavily involved in the resolution of
inflammation. It is believed resveratrol supplementation may
be employed as adjunctive therapy in T2D; several studies
have found evidence of BDNF increased levels with resveratrol
supplementation [50,73-75].

A randomised double-blind placebo-controlled study
involving 50 NAFLD patients investigated the effects of 500 mg
resveratrol supplementation for 12 weeks [76]. All participants were
professionally advised to follow a lower calorie / lower fat diet and
encouraged to adopt positive lifestyle changes, and a subgroup was
additionally supplemented with resveratrol. Significant reductions
in anthropometric markers and blood AST were found in both
groups, but the resveratrol-supplemented group showed reduced
ALT, pro-inflammatory cytokines, cytokeratin-18, NF-kB activity
and lower steatosis, as compared to the participants receiving
nutritional and lifestyle advice only [76]. This study showed that
resveratrol supplementation in combination with nutritional and
lifestyle advice was more effective than advice alone in reducing
liver inflammation, steatosis and apoptosis.

A more recent placebo-controlled randomised clinical study,
this time employing a higher dose of resveratrol for a longer period
of time, was conducted with overweight individuals diagnosed
with NAFLD and increased transaminases [77]. In this study,
volunteers were given 1.5 g resveratrol supplementation daily for
six months. Resveratrol supplementation promoted a small but
statistically significant decrease in intrahepatic lipid content. On
the other hand, resveratrol was ineffective in improving the other
biomarkers of liver pathology, insulin sensitivity and metabolic
profile measured. The authors also report adverse effects were
seen in one participant [77]. The studies of [76,77] report different
results regarding the outcomes of resveratrol supplementation in
NAFLD, however it is worth highlighting specific methodologies
employed for each study.

Although the results described above suggest a beneficial,
and promising, effect of resveratrol supplementation for the
management and treatment of obesity-related metabolic disorders,
caution is advised regarding possible side effects. In a clinical study
involving healthy individuals receiving a daily supplementation of
1 g resveratrol for four weeks, the activity of the Cytochrome P450
(CYP) isoenzymes CYP1A2, 2D6, 2C9 and 3A4 were measured
through metabolism of its specific compound targets caffeine,
dextromethorphan, losartan and buspirone, respectively [78]. It
was found that resveratrol supplementation induced the activity
of CYP1A2 but inhibited the activity of 2D6, 2C9 and 3A4. As
the CYP isoenzymes metabolize over three quarters of the drugs
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currently approved and commercially available for administration
in humans [71], the aforementioned study of [78] suggests a
relatively high dose of resveratrol has the potential to adversely
affect drug pharmacokinetics and pharmacodynamics in a wide
context. In light of such observation, due care is recommended
when co-administering resveratrol and drugs due to the risk of
altering drug bioavailability and efficacy.

Another possibly detrimental effect of resveratrol must
be noted. The effects of resveratrol on hepatitis viral replication
was investigated in an in vitro model employing hepatocellular
carcinoma cells and in an in vivo model of hepatitis B. Resveratrol
treatment was found to promote deacetylation of PGC-la via
activation of SirT1, subsequently increasing the transcriptional
activity of PPAR-y, which induced further replication of Hepatitis
B virus (HBV) [79]. Similarly, the effects of resveratrol on Hepatitis
C virus (HCV) replication potential was also investigated. Cultured
hepatocytes infected with HCV and treated with resveratrol
showed increased viral replication and reduced response to the
antiviral drugs ribavirin and Interferon gamma (IFNy) [80]. If
these experimental results can be applied to humans, it may be
suggested resveratrol supplementation could increase HBV and
HCYV replication and consequently exacerbate the manifestations
of viral hepatitis. Substantial scientific evidence has so far
demonstrated beneficial effects of resveratrol supplementation for
metabolic diseases; however, resveratrol may not be recommended
for the nutritional therapy of patients with hepatitis. The nutritional
advice given to NALFD patients without viral hepatitis should
carefully consider the resveratrol dosage and the supplementation
period, and should always prioritize a nutritionally balanced diet.

Grape Polyphenol Supplementation in Obesity-
Associated Metabolic Disorders

Resveratrol is found abundantly in purple and dark grapes,
but the plant polyphenols normally found in grape extract, which
comprises seeds, skin and juice, comprise a mixture of other
compounds including phenolic acids, anthocyanins, quercetin,
myricetin, and other flavonoids in various concentrations [81,82]. It
is therefore reasonable to suggest that the health benefits attributed
to the consumption of grape-derived products are the result of
a combined effect of all the polyphenols consumed, rather than
resveratrol alone. In that regard, the effects of grape polyphenols on
cardiovascular function have been the aim of substantial research
in recent times. A double-blind study involving men with metabolic
syndrome and supplemented with a freeze-dried grape polyphenol
powder or a placebo for 30 days showed that the supplemented
group had reduced levels of cell adhesion molecules, as well as
improved vascular function and blood pressure, at the end of the
supplementation period [83]. A meta-analysis which evaluated
572 articles and filtered out 24 clinical studies for further analysis

demonstrated that supplementation with grape polyphenols at
daily doses ranging from 150 mg to 1400 mg significantly reduced
systolic blood pressure, but to a lower extent than antihypertensive
medications [84].

Blumberg et al. [85] conducted a literature review appraising
studies which investigated the effects of pure grape juice of the
Concord cultivar, and compared these results to other studies
which investigated similar effects, but this time induced by a
wider range of polyphenol-rich foods and drinks. The authors
found associations between Concord grape polyphenol intake and
improved flow-mediated vasodilation, blood pressure, platelet
aggregation, and also a positive association with resistance of
LDL-cholesterol to oxidation [85]. Grape polyphenols appear
to have beneficial effects on different constituents of metabolic
syndrome, reducing glycaemia, pro-inflammatory biomarkers
and LDL oxidization, as well as preventing plasma postprandial
oxidative stress and increasing total antioxidant capacity [86]. The
daily doses of grape seed extract often used in clinical trials were
in the range of 150 to 600 mg/kg, which appeared to be powerful
enough to promote positive outcomes for the metabolic syndrome
sufferers included in those investigations [86].

Olive Oil Supplementation in Obesity-Associated
Metabolic Disorders

Olives are known for their antioxidant properties and
rich composition of polyphenols, including flavonols, lignans,
glycosides, hydroxytyrosol and several phenolic alcohols [87,88].
The antiobesogenic and antidiabetic properties of olive oil, which
is considered a major ingredient of the traditional Mediterranean
diet, have been investigated in several epidemiological studies
and clinical trials. [89] observed in a Spanish population-based
study a lower incidence of obesity in individuals who consumed
proportionally more olive oil and less sunflower oil, in relation
to the opposite, over the course of six years. A study involving
overweight non-insulin-treated T2D patients found that the
ingestion of polyphenol-rich extra-virgin olive oil equivalent to
577 mg of phenolic compounds / kg of body weight (BW) for
4 weeks significantly reduced fasting plasma glucose, HbAlc,
serum visfatin, Aspartate Aminotransferase (AST), Alanine
Aminotransferase (ALT) and Body Mass Index (BMI) [90].

Biomarkers of cardiovascular function have also been
investigated in studies on olive oil. For example, [91] investigated
the effects of polyphenol-rich olive oil supplementation for 3
weeks on LDL cholesterol, apolipoprotein B-100 (ApoB-100)
and atherogenicity, measured as number of small LDL particles
and LDL oxidizability, in a controlled trial involving healthy men.
Atherogenesis biomarkers, ApoB-100 and Very Low-Density
Lipoprotein (VLDL) were significantly lower, and LPL gene
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expression was significantly higher, in the group supplemented
with polyphenol-rich olive oil. There appears to be, however, a
dose-dependent effect. In a randomized double-blind crossover-
controlled trial, [92] supplemented 33 hypercholesterolemic, but
otherwise healthy, volunteers with 25 mL/day of a standard raw
virgin olive oil (80 ppm of phenolic compounds), virgin olive oil
enriched with its own polyphenols (500 ppm), and virgin olive
oil enriched with its own polyphenols plus thyme polyphenols
(totalling 500 ppm). Volunteers who received olive oil enriched
with its own polyphenols, as well as those who received olive
oil enriched with its own polyphenols plus thyme polyphenols,
improved their lipoprotein subclass profile, decreased the total
LDL particle/total High-Density Lipoprotein (HDL) particle,
small HDL/large HDL, and HDL-cholesterol/HDL-P ratios, and
decreased the lipoprotein-to-insulin resistance index after 3 weeks
of supplementation.

Curcumin Polyphenols in Obesity-Associated
Metabolic Disorders

Curcumin, a yellow-orange plant polyphenol found
in turmeric, has drawn attention for its antioxidant, anti-
inflammatory, hypoglycaemic and neuroprotective properties [93].
The effects of 500 mg or 750 mg curcumin daily supplementation
for 12 weeks on protein oxidation and BDNF levels were tested
in a controlled trial involving 40 non-diabetic obese men [94].
Despite not having any effect on BDNF serum levels, curcumin
decreased protein oxidation at the end of the trial. In another study
employing 1 g curcumin daily supplementation for 8 weeks in a
group of metabolic syndrome sufferers, adiponectin levels were
significantly increased and leptin significantly decreased at the end
of the supplementation period [95].

The effects of curcumin supplementation on NAFLD
have been investigated in a randomized double-blind placebo-
controlled study. NAFLD patients who received daily doses of 70
mg curcumin for 8 weeks showed significantly reduced BMI, total
cholesterol, LDL-cholesterol, triglycerides, AST, ALT, glycaemia,
HbAlc and liver fat content as compared to the control group
[96]. In a trial involving nephropathic diabetic patients, turmeric
oral supplementation equivalent to 22.1 mg curcumin daily for
2 months reduced proteinuria, IL-8 and Transforming Growth
Factor-Beta (TGF-P) without observed side effects [97].

A meta-analysis of randomized controlled trials found
reduced IL-6 levels following curcuminoid supplementation
[98]. This study did not suggest a significant association between
circulating IL-6 and the alleged beneficial effects of curcuminoids
related to supplementation dose or duration; however, a significant
association between the IL-6-lowering effects of curcumin and
IL-6 concentration at baseline was found. The authors suggest the

positive effects of curcumin lowering IL-6 may be more evident
in individuals with the highest levels of systemic inflammation.
On the other hand, a systematic review and meta-analysis of
randomized controlled trials found that curcumin supplementation
did not influence serum total cholesterol, LDL-cholesterol,
triglycerides and HDL-cholesterol levels [99]. This review
considered heterogeneous populations and concluded that further
trials involving specific target populations are necessary for a more
conclusive opinion.

Ginkgo biloba Polyphenols in Obesity-Associated
Metabolic Disorders

Ginkgo biloba extracts (GbE) have been traditionally used
in the prevention and treatment of several chronic diseases, mainly
due to its attributed antioxidant, anti-inflammatory, vasodilator,
cardioprotective and antiedematogenic properties [100-105].
Standardized GbE contains in average a mixture of flavonoids,
terpenes, bilobalides and ginkgolides, along with less than 5 ppm of
ginkgolic acids, which are toxic [105,106] More specifically, GbE
flavonoids are recognized as antioxidants, bilobalides are believed
to present anti-apoptotic, anti-inflammatory and neuroprotective
properties, and ginkgolides may play an inhibitory role on the
Platelet-activating Factor [107]. It has been suggested that GbE
may reduce glycaemia and insulin resistance. [108] observed
that the daily intake of 120 mg of standardized GbE for 3 months
significantly stimulated pancreatic B-cell function and insulin
production by humans with normal glucose tolerance. The same
protocol of treatment was able to reduce glycated haemoglobin
in T2D patients, without affecting other parameters involved in
glucose metabolism [109].

In a rodent model of diet-induced obesity, [110] observed
that daily supplementation of GbE at 500 mg / Kg BW for 2
weeks increased Insulin Receptor Substrate 1 (IRS-1) and Akt
phosphorylation levels, followed by inhibition of the Protein
Tyrosine Phosphatase 1B (PTP-1B) - an inhibitory protein of the
insulin signalling pathway - in gastrocnemius muscle. The authors
also observed reduced food intake and body adiposity, as well as
improved serum lipid profile, at the end of the supplementation
period [110]. Another study from the same group [111] employing
similar experimental procedures found reduced visceral adiposity,
lowered NF-kB-p65 phosphorylation, increased insulin receptor
(IR) and Akt phosphorylation in the retroperitoneal adipose tissue
of diet-induced obese rats after GbE supplementation [111].
GbE supplementation was also effective in stimulating the gene
expression of adiponectin receptor AdipoR1 and IL-10, with a
concomitant reduction of TNF-a gene expression [111].

The anti-inflammatory properties of GbE have been
investigated both in vitro and in vivo. GbE was found to significantly
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reduce the nuclear translocation of NF-kB-p50 and NF-kB-p65,
which are involved in the synthesis of pro-inflammatory cytokines,
such as TNF-a and IL-6 [112,113]. Similarly, the potential for
GbE in reducing body fat accumulation has been observed. [114]
described a potential lipolytic effect of GbE flavonoids due to
their inhibitory effect on the cAMP-phosphodiesterase complex in
epididymal adipose tissue of rats. [115] demonstrated that GbE
biflavones stimulated lipolysis in 3T3-L1 adipocyte cell culture.
Taken together, these results suggest that GbE supplementation is
associated with improved insulin signalling as well as suppressed
pro-inflammatory pathways. Such findings highlight a potential
for GbE as a possible therapeutic tool for the prevention
and management of obesity-associated metabolic disorders.
Notwithstanding, the lack of more significant studies in human
populations, also investigating chronic use, side-effects and risks
associated with toxicity, warrant further investigations.

Green Tea Polyphenols

The main compounds of Green Tea (GT) (Camellia sinensis)
solid extracts are polyphenols belonging to the large family of
catechins, the most studied ones including Epigallocatechin-3-
Gallate (EGCG), Epicatechin (EC), Epigallocatechin (EGC) and
Epicatechin-3-Gallate (ECG). The concentration of GT bioactive
compounds can vary significantly depending on various factors, for
example origin of the plant, infusion time and water temperature,
but in average approximately 50 to 100 mg of catechins can be
found in a typical 250 mL cup of green tea [116]. Lipid-lowering
and anti-obesity properties have been attributed to GT catechins,
due to their alleged effects on reducing lipid emulsification and
absorption, also suppressing lipogenesis and adipogenesis [117].
Previous studies have discussed the alleged properties of GT
extract upon modulation of cardiovascular function, obesity and
oxidative stress [118-120].

A randomized double-blind placebo-controlled crossover
study involving healthy individuals tested the effects of daily
supplementation for 4 weeks with 100 mg epicatechin on
cardiovascular function and insulin response [121]. Whilst
epicatechin supplementation showed no significant effect on
fasting blood glucose levels, lipid profile, systolic blood pressure,
nitric oxide plasma levels, endothelin 1 and arterial stiffness after 4
weeks of supplementation, it did show an improvement on insulin
sensitivity [121]. The effects of GT extract supplementation for
eight weeks, combined or not with a programme of physical
activity, were investigated in a double-blind placebo-controlled
study involving overweight or obese women [122]. At the end of
the supplementation intervention period, the authors observed that
exercise combined with GT supplementation was more effective
in reducing body fat, waist circumference, plasma triglycerides,
as well as increasing resting metabolic rate, lean body mass and

muscle strength, as compared to the exercised group supplemented
with placebo [122].

Studies involving GT polyphenols and low-calorie diets
have also been conducted. A randomized double-blind placebo-
controlled study involving obese premenopausal women
investigated the association between a low-calorie diet and 300
mg EGCG daily supplementation for 12 weeks. EGCG associated
with the low-calorie diet was not more effective in reducing body
weight, adiposity, insulin resistance, lipid profile and inflammatory
biomarkers than the low-calorie diet alone [122]. However, another
study following a different protocol found evidence of weight
loss after EGCG supplementation: [124] conducted a randomized
double-blind placebo-controlled clinical study involving women
with central obesity supplemented for 12 weeks with 856.8 mg
EGCG, a dose much higher than the one employed in the study
of [123]. [124] found increased weight loss and reduced waist
circumference in the EGCG supplemented group, as compared to
its respective placebo group. Reduced plasma ghrelin and increased
adiponectin were also found.

Consensus regarding the effects of EGCG supplementation on
metabolism is yet to be reached. A randomized placebo-controlled
trial involving overweight and obese individuals investigated
the combined effects of 282 mg EGCG and 80 mg resveratrol
daily supplementation for 12 weeks [125]. The authors found no
changes in plasma metabolic biomarkers, nor changes in insulin-
stimulated glucose disposal, gluconeogenesis, lipolysis markers,
energy expenditure or total body fat between the groups. However,
a tendency for visceral fat reduction was seen in the supplemented
group, as well as smaller increase in plasma triglyceride induction
after a fasting-high fat refeeding meal, in relation to the respective
control group [125].

The biochemical properties of Camellia sinensis have
been described in the scientific literature; however, it is not yet
fully understood whether its supplementation could lead to, or
exacerbate, liver damage. Cases of hepatotoxicity associated with
GT extract intake have been reported [126]. These rare cases
were often individuals consuming high doses of GT extract for
prolonged period of time, or in combination with synthetic drugs,
or in cases of previously established liver disease. It remains
unknown whether the observed cases of liver damage could be
attributed to the consumption of GT extract exclusively, or to a
competitive mechanism of biotransformation between drug and
phytochemical, or due to tissue incompetence, for example in liver
disease [127].

A systematic review investigated the affinity of GT extract
with various isoforms of the CYP microsomal complex, their
possible interactions with drugs and the risks associated with drug-
induced liver injury [128]. It has been highlighted that despite a
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weak association between GT extract and the risk of drug-induced
liver injury, GT catechins may promote partial inhibition of some
CYP isoenzymes responsible for detoxification reactions of phase
I, and that the bioavailability of some drugs metabolized by
CYP3A4 has increased when administered in combination with
GT extract, which could potentially increase their concentration to
toxic levels [128].

Therefore, despite the low prevalence of hepatic toxicity
associated with GT, considering the worldwide popularity of
this herbal tea, health professionals should always consider an
individualized approach for the evaluation of benefits and potential
side effects of herbal medicine therapies. Particular consideration
is due to patients who already have chronic liver disease in the
Child-Pugh classes B or C range. The scientific evidence so far
available is not yet sufficient to assertively prove or disprove the
safety and beneficial effects of GT polyphenols on management
and or treatment of obesity and obesity-associated metabolic
disorders.

Directions for Future Work and Final

Considerations

Despite the elucidation of several molecular pathways
activated or inhibited by isolated plant polyphenols, some of them
briefly discussed in this review, the exact mechanisms on how
other nutrients, alongside other blood borne factors, influence the
molecular effects of polyphenols are yet to be fully understood.
Several investigations suggest that the metabolic effects associated
with the consumption of polyphenol-containing foods are not
limited to a single polyphenol only, but to a mixture of compounds,
which further suggests a combination of polyphenolic agents with
antioxidant properties may have a potential therapeutic approach.
In light of that, as new therapeutic interventions take significant
time to reach the general population, the development of additional
supporting strategies, including nutritional interventions that can
target specific molecular pathways affected in metabolic disorders,
offers a new and promising therapeutic avenue.

The successful prevention of obesity and obesity-associated
metabolic disorders is heavily dependent on a range of healthy and
positive lifestyle choices, including active lifestyles and healthy
diets. Such diets include low consumption of ultra-processed
foods and contain naturally occurring sources of flavonoids and
resveratrol, as well as antioxidant nutrients such as vitamins and
trace elements, found in broad variety of fruits, vegetables, whole
grains, beans and seeds. If an obesity-associated metabolic disorder
develops, either as consequence of biochemical disturbance or
chronic positive energy balance, the prescription of complementary
nutritional therapeutics should follow similar principles, which
are based on the prescription of nutritionally adequate diets and

lower consumption of ultra-processed foods, in combination with
supplementation, when justified.

Despite the widely publicised promising effects of plant
polyphenols as therapeutic options in metabolic disorders, a careful
evaluation of the benefits and risks of plant extract supplementation,
be it in pharmacological doses or doses higher than those found in
naturally occurring foods, is mandatory. As adverse effects have
already been described after phytochemical supplementation, the
risk of toxicity should be always considered. This consideration is
even more relevant where patients are being treated with multiple
allopathic medicines, in which the risk of metabolite interaction
can alter the pharmacokinetics and pharmacodynamics of all
compounds administered. Phytochemicals and nutraceuticals can
compete with other substrates for the same cytochrome P450
isoforms, and therefore their inappropriate prescription may
jeopardize patient’s health.

Due to the heterogeneity of the clinical studies so far
conducted, which are understandably different in experimental
procedures, frequency and duration of interventions, and specific
inclusion criteria, for example severity of obesity and associated
co-morbidities, the safe recommendation of the phytochemicals
briefly discussed here has not yet been established. The patient’s
genetic background, for example their ethnicity or the presence
of Single Nucleotide Polymorphisms, as well as their microbiome
and phytochemical bioavailability, are additional confounding
factors that should be considered when assessing the applicability
of clinical trials and the interpretation of findings to real life
scenarios. Therefore, nutritional interventions for the prevention
and management of obesity and associated co-morbidities should
address first the intake of a quantitatively and qualitatively adequate
diet, which provides natural sources of dietary polyphenols
including flavonoids and resveratrol. The recommendations for
a healthy diet should be encouraged before the prescription of
isolated phytochemical supplementation.

Ethical Statement

Not applicable as no ethical issues regarding this desk-based
study have been identified

Acknowledgements

The authors are thankful to Craig Ellis Howard, Bruna Hirata
and Jacob Ballard for assistance with text review, references and
formatting.

Funding

The authors received no financial support for this research.
The authors are grateful to the University of Worcester for funding
the publication costs.

9

J Obes Nutr Disord, an open access journal
ISSN: 2577-2244

Volume 03; Issue 03



Citation: de Jesus RP, Mota JF, Gonzalez-Muniesa P, Waitzberg DL, Telles MM, et al. (2018) Plant Polyphenols in Obesity and Obesity-Associated Metabolic Dis-
orders: A Narrative Review of Resveratrol and Flavonoids Upon the Molecular Basis of Inflammation. Overview of Obesity. J Obes Nutr Disord: JOND-129. DOI:
10.29011/2577-2244.100029

Authors’ Contributions

All authors contributed to the design, literature appraisal,

critical discussion and conclusions of the study. Dr Passos
and Dr Bueno were also involved in write-up and layout of the
manuscript. All authors share equal responsibility for the contents
of the manuscript.

Conflict of interest

None of the authors have any conflict of interest to disclose.

References

1.

10.

1.

Duseja A, Singh SP, Saraswat VA, Acharya SK, Chawla YK, et al.
(2015) Non-alcoholic Fatty Liver Disease and Metabolic Syndrome -
Position Paper of the Indian National Association for the Study of the
Liver, Endocrine Society of India, Indian College of Cardiology and
Indian Society of Gastroenterology. J Clin Exp Hepatol 5:51-68.

Long MT, Fox CS (2016) The Framingham Heart Study--67 years of
discovery in metabolic disease. Nature Reviews Endocrinology 12:
177-183.

Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI (2009)
Harmonizing the metabolic syndrome: a joint interim statement of the
International Diabetes Federation Task Force on Epidemiology and
Prevention; National Heart, Lung, and Blood Institute; American Heart
Association; World Heart Federation; International Atherosclerosis So-
ciety; and International Association for the Study of Obesity. Circula-
tion 120: 1640-1645.

Wilson PW, D’Agostino RB, Parise H, Lisa Sullivan L, Meigs JB,
(2005) Metabolic syndrome as a precursor of cardiovascular disease
and type 2 diabetes mellitus. Circulation 112: 3066-3072.

Mahabaleshwarkar R, Taylor YJ, Spencer MD, Mohanan S (2016)
Prevalence of Metabolic Syndrome in a Large Integrated Health Care
System in North Carolina. North Carolina Medical Journal 77: 168-
174.

Narayanappa S, Manjunath R, Kulkarni P (2016) Metabolic Syndrome
among Secondary School Teachers: Exploring the Ignored Dimension
of School Health Programme. Journal of Clinical and Diagnostic Re-
search 10: LC10-LC14.

Brunt EM, Wong VW, Nobili V, Day CP, Sookoian S, et al. (2015)
Non-alcoholic fatty liver disease. Nature Reviews Disease Primers 1:
15080.

Varoni EM, Lo Faro AF, Sharifi-Rad J, Iriti M (2016) Anticancer Molecu-
lar Mechanisms of Resveratrol. Frontiers in Nutrition 3: 8.

Lachenmeier DW, Godelmann R, Witt B, Riedel K, Rehm J (2014) Can
resveratrol in wine protect against the carcinogenicity of ethanol? A

probabilistic dose-response assessment. International Journal of Can-

cer 134: 144-153.

Tresserra-Rimbau A, Guasch-Ferré M, Salas-Salvadé J (2016) Intake
of Total Polyphenols and Some Classes of Polyphenols Is Inversely
Associated with Diabetes in Elderly People at High Cardiovascular
Disease Risk. The Journal of Nutrition 146: 767-777.

Hounsome N, Hounsome B, Tomos D, Edwards-Jones G (2008) Plant

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

metabolites and nutritional quality of vegetables. Journal of Food Sci-
ence 73: R48-65.

Andersen OM, Markham KR (2005) Flavonoids: chemistry, biochemis-
try and applications. CRC press.

Kim Y, Keogh JB, Clifton PM (2016) Polyphenols and Glycemic Con-
trol. Nutrients 8: 17.

Close GL, Hamilton DL, Philp A, Burke LM, Morton JP, et al. (2016)
New strategies in sport nutrition to increase exercise performance.
Free Radical Biology & Medicine 98: 144-158.

Walle T, Browning AM, Steed LL, Reed SG, Walle UK (2005) Flavonoid
glucosides are hydrolyzed and thus activated in the oral cavity in hu-
mans. The Journal of Nutrition 135: 48-52.

Duefias M, Mufioz-Gonzalez |, Cueva C, Ana JG, Fernando SP et al.
(2015a) A survey of modulation of gut microbiota by dietary polyphe-
nols. Biomed Research International 2015: 850902.

Duefias M, Cueva C, Mufioz-Gonzélez |, Ana JG, Fernando SP, et al.
(2015) Studies on Modulation of Gut Microbiota by Wine Polyphenols:
From Isolated Cultures to Omic Approaches. Antioxidants 4: 1-21.

Marin L, Miguélez EM, Villar CJ, Lombo F (2015) Bioavailability of di-
etary polyphenols and gut microbiota metabolism: antimicrobial prop-
erties. Biomed Res Int 2015:905215.

Volp ACP, Renhe IRT, Barra K, Stringheta P (2008) Flavonéides anto-
cianinas: caracteristicas e propriedades na nutricdo e saude. Revista
Brasileira de Nutricao Clinica 23: 141-149.

Langcake P, Pryce RJ (1977) A new class of phytoalexins from grape-
vines. Experientia 33: 151-152.

Walle T, Hsieh F, DeLegge MH, Oatis JE, Walle U (2004) High absorp-
tion but very low bioavailability of oral resveratrol in humans. Drug
Metabolism & Disposition 32: 1377-1382.

Kucinska M, Piotrowska H, Luczak MW, Mikula-Pietrasik J, Ksiazek K,
et al. (2014) Effects of hydroxylated resveratrol analogs on oxidative
stress and cancer cells death in human acute T cell leukemia cell line:
prooxidative potential of hydroxylated resveratrol analogs. Chemico-
Biological Interactions 209: 96-110.

Regev-Shoshani G, Shoseyov O, Bilkis | (2003) Glycosylation of res-
veratrol protects it from enzymic oxidation. Biochemical Journal 374:
157-163.

Santner SJ, Feil PD, Santen RJ (1984) In situ estrogen production via
the estrone sulfatase pathway in breast tumors: relative importance
versus the aromatase pathway. The Journal of Clinical Endocrinology
& Metabolism 59: 29-33.

Moosavi F, Hosseini R, Saso L, Firuzi O (2015) Modulation of neu-
rotrophic signalling pathways by polyphenols. Drug Design, Develop-
ment and Therapy 10: 23-42.

Foufelle F, Ferré P (2005) Role of adenosine monophosphate-activat-
ed protein kinase in the control of energy homeostasis. Current Opin-
ion in Clinical Nutrition & Metabolic Care 8: 355-360.

Green MF, Anderson KA, Means AR (2011) Characterization of the
CaMKKB-AMPK signalling complex. Cell Signal 23: 2005-2012.

Kurimoto Y, Shibayama Y, Inoue S, Soga M, Takikawa M, et al. (2013)

10

J Obes Nutr Disord, an open access journal
ISSN: 2577-2244

Volume 03; Issue 03


https://www.ncbi.nlm.nih.gov/pubmed/25941433
https://www.ncbi.nlm.nih.gov/pubmed/25941433
https://www.ncbi.nlm.nih.gov/pubmed/25941433
https://www.ncbi.nlm.nih.gov/pubmed/25941433
https://www.ncbi.nlm.nih.gov/pubmed/25941433
https://www.ncbi.nlm.nih.gov/pubmed/26775764
https://www.ncbi.nlm.nih.gov/pubmed/26775764
https://www.ncbi.nlm.nih.gov/pubmed/26775764
https://www.ncbi.nlm.nih.gov/pubmed/19805654
https://www.ncbi.nlm.nih.gov/pubmed/19805654
https://www.ncbi.nlm.nih.gov/pubmed/19805654
https://www.ncbi.nlm.nih.gov/pubmed/19805654
https://www.ncbi.nlm.nih.gov/pubmed/19805654
https://www.ncbi.nlm.nih.gov/pubmed/19805654
https://www.ncbi.nlm.nih.gov/pubmed/19805654
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.105.539528
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.105.539528
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.105.539528
https://www.ncbi.nlm.nih.gov/pubmed/27154881
https://www.ncbi.nlm.nih.gov/pubmed/27154881
https://www.ncbi.nlm.nih.gov/pubmed/27154881
https://www.ncbi.nlm.nih.gov/pubmed/27154881
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2016&volume=10&issue=4&page=LC10&issn=0973-709x&id=7631
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2016&volume=10&issue=4&page=LC10&issn=0973-709x&id=7631
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2016&volume=10&issue=4&page=LC10&issn=0973-709x&id=7631
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2016&volume=10&issue=4&page=LC10&issn=0973-709x&id=7631
https://www.ncbi.nlm.nih.gov/pubmed/27188459
https://www.ncbi.nlm.nih.gov/pubmed/27188459
https://www.ncbi.nlm.nih.gov/pubmed/27188459
https://www.frontiersin.org/articles/10.3389/fnut.2016.00008/full
https://www.frontiersin.org/articles/10.3389/fnut.2016.00008/full
https://onlinelibrary.wiley.com/doi/full/10.1002/ijc.28336
https://onlinelibrary.wiley.com/doi/full/10.1002/ijc.28336
https://onlinelibrary.wiley.com/doi/full/10.1002/ijc.28336
https://onlinelibrary.wiley.com/doi/full/10.1002/ijc.28336
https://academic.oup.com/jn/article/146/4/767/4630702
https://academic.oup.com/jn/article/146/4/767/4630702
https://academic.oup.com/jn/article/146/4/767/4630702
https://academic.oup.com/jn/article/146/4/767/4630702
https://www.ncbi.nlm.nih.gov/pubmed/18460139
https://www.ncbi.nlm.nih.gov/pubmed/18460139
https://www.ncbi.nlm.nih.gov/pubmed/18460139
https://www.ncbi.nlm.nih.gov/pubmed/26742071
https://www.ncbi.nlm.nih.gov/pubmed/26742071
https://www.ncbi.nlm.nih.gov/pubmed/26855422
https://www.ncbi.nlm.nih.gov/pubmed/26855422
https://www.ncbi.nlm.nih.gov/pubmed/26855422
https://www.ncbi.nlm.nih.gov/pubmed/15623831
https://www.ncbi.nlm.nih.gov/pubmed/15623831
https://www.ncbi.nlm.nih.gov/pubmed/15623831
https://www.hindawi.com/journals/bmri/2015/850902/
https://www.hindawi.com/journals/bmri/2015/850902/
https://www.hindawi.com/journals/bmri/2015/850902/
http://www.mdpi.com/2076-3921/4/1/1
http://www.mdpi.com/2076-3921/4/1/1
http://www.mdpi.com/2076-3921/4/1/1
https://www.hindawi.com/journals/bmri/2015/905215/
https://www.hindawi.com/journals/bmri/2015/905215/
https://www.hindawi.com/journals/bmri/2015/905215/
https://www.researchgate.net/publication/285830123_Flavonoides_antocianinas_Caracteristicas_e_propriedades_na_nutricao_e_saude
https://www.researchgate.net/publication/285830123_Flavonoides_antocianinas_Caracteristicas_e_propriedades_na_nutricao_e_saude
https://www.researchgate.net/publication/285830123_Flavonoides_antocianinas_Caracteristicas_e_propriedades_na_nutricao_e_saude
https://www.ncbi.nlm.nih.gov/pubmed/844529
https://www.ncbi.nlm.nih.gov/pubmed/844529
https://www.ncbi.nlm.nih.gov/pubmed/15333514
https://www.ncbi.nlm.nih.gov/pubmed/15333514
https://www.ncbi.nlm.nih.gov/pubmed/15333514
https://www.ncbi.nlm.nih.gov/pubmed/24398169
https://www.ncbi.nlm.nih.gov/pubmed/24398169
https://www.ncbi.nlm.nih.gov/pubmed/24398169
https://www.ncbi.nlm.nih.gov/pubmed/24398169
https://www.ncbi.nlm.nih.gov/pubmed/24398169
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1223563/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1223563/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1223563/
https://www.ncbi.nlm.nih.gov/pubmed/6725522
https://www.ncbi.nlm.nih.gov/pubmed/6725522
https://www.ncbi.nlm.nih.gov/pubmed/6725522
https://www.ncbi.nlm.nih.gov/pubmed/6725522
https://www.dovepress.com/modulation-of-neurotrophic-signaling-pathways-bynbsppolyphenols-peer-reviewed-article-DDDT
https://www.dovepress.com/modulation-of-neurotrophic-signaling-pathways-bynbsppolyphenols-peer-reviewed-article-DDDT
https://www.dovepress.com/modulation-of-neurotrophic-signaling-pathways-bynbsppolyphenols-peer-reviewed-article-DDDT
https://www.ncbi.nlm.nih.gov/pubmed/15930957
https://www.ncbi.nlm.nih.gov/pubmed/15930957
https://www.ncbi.nlm.nih.gov/pubmed/15930957
https://www.ncbi.nlm.nih.gov/pubmed/21807092
https://www.ncbi.nlm.nih.gov/pubmed/21807092
https://pubs.acs.org/doi/10.1021/jf401190y

Citation: de Jesus RP, Mota JF, Gonzélez-Muniesa P, Waitzberg DL, Telles MM, et al. (2018) Plant Polyphenols in Obesity and Obesity-Associated Metabolic Dis-
orders: A Narrative Review of Resveratrol and Flavonoids Upon the Molecular Basis of Inflammation. Overview of Obesity. J Obes Nutr Disord: JOND-129. DOI:
10.29011/2577-2244.100029

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

Black soybean seed coat extract ameliorates hyperglycemia and in-
sulin sensitivity via the activation of AMP-activated protein kinase in

diabetic mice. Journal of Agricultural and Food Chemistry 61: 5558-  44.

5564.

Yasuda T (2016) MAP Kinase Cascades in Antigen Receptor Signal-
ling and Physiology. Current Topics in Microbiology and Immunology

393: 211-231. 45.

Vauzour D, Rodriguez-Mateos A, Corona G, Oruna-Concha MJ, Spen-
cer JPE (2010) Polyphenols and human health: prevention of disease
and mechanisms of action. Nutrients 2: 1106-1131.

46.

Thiel G, Roéssler OG (2016) Resveratrol stimulates cyclic AMP re-
sponse element mediated gene transcription. Molecular Nutrition &
Food Research 60: 256-265.

47.

Schmidt M, Evellin S, Weernink PA, Dorp FV, Rehmann H, et al. (2001)
A new Phospholipase-C-calcium signalling pathway mediated by cy-

clic AMP and a Rap GTPase. Nature Cell Biology 3: 1020-1024. 48.

Dusaban SS, Brown JH (2015) PLCe mediated sustained signalling

pathways. Advances in Biological Regulation 57: 17-23. 49.

Park SJ, Ahmad F, Philp A, Burgin AB, Manganiello V, et al. (2012)
Resveratrol ameliorates aging-related metabolic phenotypes by inhib-

iting cCAMP phosphodiesterases. Cell 148: 421-433. 50.

Chen S, Xiao X, Feng X, Li W, Zhou N et al. (2012) Resveratrol in-
duces Sirt1-dependent apoptosis in 3T3-L1 preadipocytes by activat-
ing AMPK and suppressing AKT activity and survivin expression. The

Journal of Nutritional Biochemistry 23: 1100-1112. 51.

Salman T, Argon A, Kebat T, Vardar E, Erkan N, et al. (2016) The prog-
nostic significance of survivin expression in gallbladder carcinoma.
APMIS 124: 633-638.

52.

Cheung CH, Huang CC, Tsai FY, Lee JY, Cheng SM, et al. (2013)
Survivin - biology and potential as a therapeutic target in oncology.
OncoTargets and Therapy 6: 1453-1462.

Wang Q, Sun X, Li X, Dong X, Li P, et al. (2015a) Resveratrol attenu- 53,

ates intermittent hypoxia-induced insulin resistance in rats: involve-
ment of Sirtuin 1 and the phosphatidylinositol-4,5-bisphosphate 3-ki-
nase/AKT pathway. Molecular Medicine Reports 11: 151-158.

Thompson AM, Martin KA, Rzucidlo EM (2014) Resveratrol induces 54,

vascular smooth muscle cell differentiation through stimulation of
SirT1 and AMPK 9: e85495.

Baur JA, Ungvari Z, Minor RK, Le Couteur DG, de Cabo R (2012) Are 55,

sirtuins viable targets for improving healthspan and lifespan? Nature
Reviews Drug Discovery 11: 443-461.

Liu K, Zhou R, Wang B, Mi MT (2014) Effect of resveratrol on glu-

cose control and insulin sensitivity: a meta-analysis of 11 randomized  56.

controlled trials. The American Journal of Clinical Nutrition 99: 1510-
1519.

Wang S, Liang X, Yang Q, Fu X, Rogers CJ, et al. (2015b) Resveratrol 57.

induces brown-like adipocyte formation in white fat through activation
of AMP-activated protein kinase (AMPK) a1. International Journal of

Obesity 39: 967-976. 58.

Kim S, Jin Y, Choi Y, Park T (2011) Resveratrol exerts anti-obesity effects
via mechanisms involving down-regulation of adipogenic and inflam-

matory processes in mice. Biochemical Pharmacology 81: 1343-1351.

Timmers S, Konings E, Bilet L, Houtkooper RH, van de Weijer T, et al.
(2011) Calorie restriction-like effects of 30 days of resveratrol supple-
mentation on energy metabolism and metabolic profile in obese hu-
mans. Cell Metabolism 14: 612-622.

Zhang Y, Chen ML, Zhou Y, Gao YX, Ran L, et al. (2015) Resveratrol
improves hepatic steatosis by inducing autophagy through the cAMP
signalling pathway. Molecular Nutrition and Food Research 59: 1443-
1457.

Bryan HK, Olayanju A, Goldring CE, Park BK (2013) The Nrf2 cell
defence pathway: Keap1-dependent and -independent mechanisms
of regulation. Biochemical Pharmacology 85: 705-717.

Baud V and Collares D (2016) Post-Translational Modifications of
RelB NF-kB Subunit and Associated Functions. Cells 5: 22.

Lu T, Stark GR (2015) NF-kB: Regulation by Methylation. Cancer Re-
search 75: 3692-3695.

Martinez-Micaelo N, Gonzalez-Abuin N, Ardévol A, Pinent M, Blay MT
(2012) Procyanidins and inflammation: molecular targets and health
implications. Biofactors 38: 257-265.

Song J, Cheon SY, Jung W, Lee WT, Lee JE (2014) Resveratrol in-
duces the expression of interleukin-10 and brain-derived neurotrophic
factor in BV2 microglia under hypoxia. International Journal of Molecu-
lar Sciences 15: 15512-15529.

Bagul PK, Deepthi N, Sultana R, Banerjee SK (2015) Resveratrol
ameliorates cardiac oxidative stress in diabetes through deacetylation
of NFkB-p65 and histone 3. The Journal of Nutritional Biochemistry
26: 1298-1307.

Lajter I, Pan SP, Nikles S, Ortmann S, Vasas A, et al. (2015) Inhibition
of COX-2 and NF-kB1 Gene Expression, NO Production, 5-LOX, and

COX-1 and COX-2 Enzymes by Extracts and Constituents of Onopor-
dum acanthium. Planta Medica 81: 1270-1276.

Chen A, Xu J, Johnson AC (2006) Curcumin inhibits human colon can-
cer cell growth by suppressing gene expression of epidermal growth
factor receptor through reducing the activity of the transcription factor
Egr-1. Oncogene 25: 278-287.

He Y, Yue Y, Zheng X, Zhang K, Chen S, et al. (2015) Curcumin, in-
flammation, and chronic diseases: how are they linked? Molecules 20:
9183-9213.

Moon Y, Glasgow WC, Eling TE (2005) Curcumin suppresses interleu-
kin 1beta-mediated microsomal prostaglandin E synthase 1 by altering
early growth response gene 1 and other signalling pathways. Journal
of Pharmacology and Experimental Therapeutics 315: 788-795.

Shehzad A, Ha T, Subhan F, Lee YS (2011) New mechanisms and the
anti-inflammatory role of curcumin in obesity and obesity-related meta-
bolic diseases. European Journal of Nutrition 50: 151-161.

Mocanu MM, Nagy P, Széllési J (2015) Chemoprevention of Breast
Cancer by Dietary Polyphenols. Molecules 20: 22578-22620.

Koga T, Suico MA, Shimasaki S, Watanabe E, Kai Y, et al. (2015) En-
doplasmic Reticulum (ER) Stress Induces Sirtuin 1 (SIRT1) Expression
via the PI3K-Akt-GSK3p Signaling Pathway and Promotes Hepatocel-
lular Injury. The Journal of Biological Chemistry 290: 30366-30374.

11

J Obes Nutr Disord, an open access journal
ISSN: 2577-2244

Volume 03; Issue 03


https://pubs.acs.org/doi/10.1021/jf401190y
https://pubs.acs.org/doi/10.1021/jf401190y
https://pubs.acs.org/doi/10.1021/jf401190y
https://pubs.acs.org/doi/10.1021/jf401190y
https://pubs.acs.org/doi/10.1021/jf401190y
https://pubs.acs.org/doi/10.1021/jf401190y
https://pubs.acs.org/doi/10.1021/jf401190y
https://pubs.acs.org/doi/10.1021/jf401190y
https://pubs.acs.org/doi/10.1021/jf401190y
https://pubs.acs.org/doi/10.1021/jf401190y
https://pubs.acs.org/doi/10.1021/jf401190y
https://link.springer.com/chapter/10.1007/82_2015_481
https://link.springer.com/chapter/10.1007/82_2015_481
https://link.springer.com/chapter/10.1007/82_2015_481
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3257622/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3257622/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3257622/
https://onlinelibrary.wiley.com/doi/abs/10.1002/mnfr.201500607
https://onlinelibrary.wiley.com/doi/abs/10.1002/mnfr.201500607
https://onlinelibrary.wiley.com/doi/abs/10.1002/mnfr.201500607
https://www.nature.com/articles/ncb1101-1020
https://www.nature.com/articles/ncb1101-1020
https://www.nature.com/articles/ncb1101-1020
https://www.ncbi.nlm.nih.gov/pubmed/25453218
https://www.ncbi.nlm.nih.gov/pubmed/25453218
https://www.cell.com/abstract/S0092-8674%2812%2900030-X
https://www.cell.com/abstract/S0092-8674%2812%2900030-X
https://www.cell.com/abstract/S0092-8674%2812%2900030-X
https://www.ncbi.nlm.nih.gov/pubmed/22137261
https://www.ncbi.nlm.nih.gov/pubmed/22137261
https://www.ncbi.nlm.nih.gov/pubmed/22137261
https://www.ncbi.nlm.nih.gov/pubmed/22137261
https://onlinelibrary.wiley.com/doi/abs/10.1111/apm.12551
https://onlinelibrary.wiley.com/doi/abs/10.1111/apm.12551
https://onlinelibrary.wiley.com/doi/abs/10.1111/apm.12551
https://www.dovepress.com/survivin-ndash-biology-and-potential-as-a-therapeutic-target-in-oncolo-peer-reviewed-article-OTT
https://www.dovepress.com/survivin-ndash-biology-and-potential-as-a-therapeutic-target-in-oncolo-peer-reviewed-article-OTT
https://www.dovepress.com/survivin-ndash-biology-and-potential-as-a-therapeutic-target-in-oncolo-peer-reviewed-article-OTT
https://www.spandidos-publications.com/10.3892/mmr.2014.2762
https://www.spandidos-publications.com/10.3892/mmr.2014.2762
https://www.spandidos-publications.com/10.3892/mmr.2014.2762
https://www.spandidos-publications.com/10.3892/mmr.2014.2762
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0085495
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0085495
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0085495
https://www.ncbi.nlm.nih.gov/pubmed/22653216
https://www.ncbi.nlm.nih.gov/pubmed/22653216
https://www.ncbi.nlm.nih.gov/pubmed/22653216
https://academic.oup.com/ajcn/article/99/6/1510/4577489
https://academic.oup.com/ajcn/article/99/6/1510/4577489
https://academic.oup.com/ajcn/article/99/6/1510/4577489
https://academic.oup.com/ajcn/article/99/6/1510/4577489
https://www.nature.com/articles/ijo201523
https://www.nature.com/articles/ijo201523
https://www.nature.com/articles/ijo201523
https://www.nature.com/articles/ijo201523
https://www.ncbi.nlm.nih.gov/pubmed/21439945
https://www.ncbi.nlm.nih.gov/pubmed/21439945
https://www.ncbi.nlm.nih.gov/pubmed/21439945
https://www.ncbi.nlm.nih.gov/pubmed/22055504
https://www.ncbi.nlm.nih.gov/pubmed/22055504
https://www.ncbi.nlm.nih.gov/pubmed/22055504
https://www.ncbi.nlm.nih.gov/pubmed/22055504
https://www.ncbi.nlm.nih.gov/pubmed/25943029
https://www.ncbi.nlm.nih.gov/pubmed/25943029
https://www.ncbi.nlm.nih.gov/pubmed/25943029
https://www.ncbi.nlm.nih.gov/pubmed/25943029
https://www.ncbi.nlm.nih.gov/pubmed/23219527
https://www.ncbi.nlm.nih.gov/pubmed/23219527
https://www.ncbi.nlm.nih.gov/pubmed/23219527
https://www.ncbi.nlm.nih.gov/pubmed/27153093
https://www.ncbi.nlm.nih.gov/pubmed/27153093
https://www.ncbi.nlm.nih.gov/pubmed/26337909
https://www.ncbi.nlm.nih.gov/pubmed/26337909
https://iubmb.onlinelibrary.wiley.com/doi/abs/10.1002/biof.1019
https://iubmb.onlinelibrary.wiley.com/doi/abs/10.1002/biof.1019
https://iubmb.onlinelibrary.wiley.com/doi/abs/10.1002/biof.1019
https://www.ncbi.nlm.nih.gov/pubmed/25184950
https://www.ncbi.nlm.nih.gov/pubmed/25184950
https://www.ncbi.nlm.nih.gov/pubmed/25184950
https://www.ncbi.nlm.nih.gov/pubmed/25184950
https://www.ncbi.nlm.nih.gov/pubmed/26298192
https://www.ncbi.nlm.nih.gov/pubmed/26298192
https://www.ncbi.nlm.nih.gov/pubmed/26298192
https://www.ncbi.nlm.nih.gov/pubmed/26298192
https://www.ncbi.nlm.nih.gov/pubmed/26383017
https://www.ncbi.nlm.nih.gov/pubmed/26383017
https://www.ncbi.nlm.nih.gov/pubmed/26383017
https://www.ncbi.nlm.nih.gov/pubmed/26383017
https://www.nature.com/articles/1209019
https://www.nature.com/articles/1209019
https://www.nature.com/articles/1209019
https://www.nature.com/articles/1209019
http://www.mdpi.com/1420-3049/20/5/9183
http://www.mdpi.com/1420-3049/20/5/9183
http://www.mdpi.com/1420-3049/20/5/9183
https://www.ncbi.nlm.nih.gov/pubmed/16081677
https://www.ncbi.nlm.nih.gov/pubmed/16081677
https://www.ncbi.nlm.nih.gov/pubmed/16081677
https://www.ncbi.nlm.nih.gov/pubmed/16081677
https://www.ncbi.nlm.nih.gov/pubmed/21442412
https://www.ncbi.nlm.nih.gov/pubmed/21442412
https://www.ncbi.nlm.nih.gov/pubmed/21442412
https://www.ncbi.nlm.nih.gov/pubmed/26499802
https://www.ncbi.nlm.nih.gov/pubmed/26499802
https://www.ncbi.nlm.nih.gov/pubmed/26499802
https://www.ncbi.nlm.nih.gov/pubmed/26499802

Citation: de Jesus RP, Mota JF, Gonzélez-Muniesa P, Waitzberg DL, Telles MM, et al. (2018) Plant Polyphenols in Obesity and Obesity-Associated Metabolic Dis-
orders: A Narrative Review of Resveratrol and Flavonoids Upon the Molecular Basis of Inflammation. Overview of Obesity. J Obes Nutr Disord: JOND-129. DOI:
10.29011/2577-2244.100029

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Hine CM, Mitchell JR (2012) NRF2 and the Phase Il Response in
Acute Stress Resistance Induced by Dietary Restriction. Journal of
Clinical & Experimental Pathology 4: 7329.

Houghton CA, Fassett RG, Coombes JS (2016) Sulforaphane and
Other Nutrigenomic Nrf2 Activators: Can the Clinician’s Expectation
Be Matched by the Reality? Oxidative Medicine and Cellular Longevity
2016: 7857186.

Qi G, Mi Y, Wang VY, Li R, Huang S, et al. (2017) Neuroprotective action
of tea polyphenols on oxidative stress-induced apoptosis through the
activation of the TrkB/CREB/BDNF pathway and Keap1/Nrf2 signal-
ing pathway in SH-SY5Y cells and mice brain. Food and Function 8:
4421-4432.

Ray PD, Huang BW, Tsuji Y (2012) Reactive Oxygen Species (ROS)
homeostasis and redox regulation in cellular signaling. Cell Signal 24:
981-990.

Wagner AE, Terschluesen AM, Rimbach G (2013) Health promoting ef-
fects of brassica-derived phytochemicals: from chemopreventive and
anti-inflammatory activities to epigenetic regulation. Oxidative Medi-
cine and Cellular Longevity 2013: 964539.

Buendia |, Michalska P, Navarro E, Gameiro |, Egea J, et al. (2016)
Nrf2-ARE pathway: An emerging target against oxidative stress and
neuroinflammation in neurodegenerative diseases. Pharmacology and
Therapeutics 157: 84-104.

Son TG, Camandola S, Mattson MP (2008) Hormetic dietary phy-
tochemicals. Neuromolecular Medicine 10: 236-246.

Surai PF (2015) Silymarin as a Natural Antioxidant: An Overview of the
Current Evidence and Perspectives. Antioxidants 4: 204-247.

Milosevi¢ N, Milanovi¢ M, Abenavoli L, Milic N (2014) Phytotherapy
and NAFLD--from goals and challenges to clinical practice. Reviews
on Recent Clinical Trials 9: 195-203.

Smoliga JM, Baur JA, Hausenblas HA (2011) Resveratrol and health-
-a comprehensive review of human clinical trials. Molecular Nutrition
and Food Research 55: 1129-1141.

Saibabu V, Fatima Z, Khan LA, Hameed S (2015) Therapeutic Poten-
tial of Dietary Phenolic Acids. Advances in Pharmacological Sciences
2015: 823539.

Garcia-Nifio WR, Pedraza-Chaverri J (2014) Protective effect of cur-
cumin against heavy metals-induced liver damage. Food and Chemi-
cal Toxicology 69: 182-201.

Malhotra A, Bath S, Elbarbry F (2015) An Organ System Approach
to Explore the Antioxidative, Anti-Inflammatory, and Cytoprotective Ac-
tions of Resveratrol. Oxidative Medicine and Cellular Longevity 2015:
803971.

Kaviarasan K, Jithu M, Arif Mulla M, Sharma T2, Sivasankar S, et al.
(2015) Low blood and vitreal BDNF, LXA4 and altered Th1/Th2 cy-
tokine balance are potential risk factors for diabetic retinopathy. Me-
tabolism 64: 958-966.

Diaz-Gerevini GT, Repossi G, Dain A, Tarres MC, Das UN et al. (2016)
Beneficial action of resveratrol: How and why? Nutrition 32: 174-178.

Madhyastha S, Sekhar S, Rao G (2013) Resveratrol improves post-

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

natal hippocampal neurogenesis and brain derived neurotrophic fac-
tor in prenatally stressed rats. International Journal of Developmental
Neuroscience 31: 580-585.

Shojaei S, Panjehshahin MR, Shafiee SM, Khoshdel Z, Borji M, et al.
(2017). Differential Effects of Resveratrol on the Expression of Brain-
Derived Neurotrophic Factor Transcripts and Protein in the Hippocam-
pus of Rat Brain. Iranian Journal of Medical Sciences 42: 32-39.

Faghihzadeh F, Adibi P, Hekmatdoost A (2015) The effects of resver-
atrol supplementation on cardiovascular risk factors in patients with
non-alcoholic fatty liver disease: a randomised, double-blind, placebo-
controlled study. The British Journal of Nutrition 114: 796-803.

Heebgll S, Kreuzfeldt M, Hamilton-Dutoit S, Kjeer Poulsen M, Stadkil-
de-Jargensen H, et al. (2016) Placebo-controlled, randomised clinical
trial: high-dose resveratrol treatment for non-alcoholic fatty liver dis-
ease. Scandinavian Journal of Gastroenterology 51: 456-464.

Chow HH, Garland LL, Hsu CH, Vining DR, Chew WM, et al. (2010)
Resveratrol modulates drug- and carcinogen-metabolizing enzymes in
a healthy volunteer study. Cancer Prevention Research :1168-1175.

Shi Y, LiY, Huang C, Ying L, Xue J, et al. (2016) Resveratrol enhances
HBV replication through activating Sirt1-PGC-1a-PPARa pathway.
Scientific Reports 6: 24744.

Nakamura M, Saito H, lkeda M, Hokari R, Kato N, et al. (2010) An
antioxidant resveratrol significantly enhanced replication of hepatitis C
virus. World Journal of Gastroenterology 16: 184-192.

Leifert WR, Abeywardena MY (2008) Cardioprotective actions of grape
polyphenols. Nutrition Research 28: 729-737.

Pandey KB, Rizvi SI (2014) Role of red grape polyphenols as antidi-
abetic agents. Integrative Medicine Research 3: 119-125.

Barona J, Aristizabal JC, Blesso CN, Volek JS, Fernandez ML (2012)

Grape polyphenols reduce blood pressure and increase flow-mediated
vasodilation in men with metabolic syndrome. The Journal of Nutrition

142: 1626-1632.

Li SH, Zhao P, Tian HB, Chen LH, Cui LQ (2015) Effect of Grape
Polyphenols on Blood Pressure: A Meta-Analysis of Randomized Con-
trolled Trials 10: e0137665.

Blumberg JB, Vita JA, Chen CY (2015) Concord Grape Juice Polyphe-
nols and Cardiovascular Risk Factors: Dose-Response Relationships.
Nutrients 7: 10032-10052.

Akaberi M, Hosseinzadeh H (2016) Grapes (Vitis vinifera) as a Po-
tential Candidate for the Therapy of the Metabolic Syndrome. Phyto-
therapy Research 30: 540-556.

Raederstorff D (2009) Antioxidant activity of olive polyphenols in hu-
mans: a review. International Journal for Vitamin and Nutrition Re-
search 79: 152-165.

Rigacci S, Stefani M (2016) Nutraceutical Properties of Olive Qil Poly-
phenols. An Itinerary from Cultured Cells through Animal Models to
Humans. International Journal of Molecular Sciences 17: 843.

Soriguer F, Almaraz MC, Ruiz-de-Adana MS, Esteva |, Linares F, et al.
(2009) Incidence of obesity is lower in persons who consume olive oil.
European Journal of Clinical Nutrition 63: 1371-1374.

Santangelo C, Filesi C, Vari R, Scazzocchio B, Filardi T, et al. (2016)
Consumption of extra-virgin olive oil rich in phenolic compounds im-

12

J Obes Nutr Disord, an open access journal
ISSN: 2577-2244

Volume 03; Issue 03


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3595563/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3595563/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3595563/
https://www.hindawi.com/journals/omcl/2016/7857186/
https://www.hindawi.com/journals/omcl/2016/7857186/
https://www.hindawi.com/journals/omcl/2016/7857186/
https://www.hindawi.com/journals/omcl/2016/7857186/
https://pubs.rsc.org/en/content/articlelanding/2017/fo/c7fo00991g#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2017/fo/c7fo00991g#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2017/fo/c7fo00991g#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2017/fo/c7fo00991g#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2017/fo/c7fo00991g#!divAbstract
https://www.ncbi.nlm.nih.gov/pubmed/22286106
https://www.ncbi.nlm.nih.gov/pubmed/22286106
https://www.ncbi.nlm.nih.gov/pubmed/22286106
https://www.hindawi.com/journals/omcl/2013/964539/
https://www.hindawi.com/journals/omcl/2013/964539/
https://www.hindawi.com/journals/omcl/2013/964539/
https://www.hindawi.com/journals/omcl/2013/964539/
https://www.ncbi.nlm.nih.gov/pubmed/26617217
https://www.ncbi.nlm.nih.gov/pubmed/26617217
https://www.ncbi.nlm.nih.gov/pubmed/26617217
https://www.ncbi.nlm.nih.gov/pubmed/26617217
https://link.springer.com/article/10.1007/s12017-008-8037-y
https://link.springer.com/article/10.1007/s12017-008-8037-y
http://www.mdpi.com/2076-3921/4/1/204
http://www.mdpi.com/2076-3921/4/1/204
https://www.ncbi.nlm.nih.gov/pubmed/21688389
https://www.ncbi.nlm.nih.gov/pubmed/21688389
https://www.ncbi.nlm.nih.gov/pubmed/21688389
https://www.hindawi.com/journals/aps/2015/823539/
https://www.hindawi.com/journals/aps/2015/823539/
https://www.hindawi.com/journals/aps/2015/823539/
https://www.ncbi.nlm.nih.gov/pubmed/24751969
https://www.ncbi.nlm.nih.gov/pubmed/24751969
https://www.ncbi.nlm.nih.gov/pubmed/24751969
https://www.hindawi.com/journals/omcl/2015/803971/
https://www.hindawi.com/journals/omcl/2015/803971/
https://www.hindawi.com/journals/omcl/2015/803971/
https://www.hindawi.com/journals/omcl/2015/803971/
https://www.ncbi.nlm.nih.gov/pubmed/26004392
https://www.ncbi.nlm.nih.gov/pubmed/26004392
https://www.ncbi.nlm.nih.gov/pubmed/26004392
https://www.ncbi.nlm.nih.gov/pubmed/26004392
https://www.ncbi.nlm.nih.gov/pubmed/26706021
https://www.ncbi.nlm.nih.gov/pubmed/26706021
https://www.ncbi.nlm.nih.gov/pubmed/23850968
https://www.ncbi.nlm.nih.gov/pubmed/23850968
https://www.ncbi.nlm.nih.gov/pubmed/23850968
https://www.ncbi.nlm.nih.gov/pubmed/23850968
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5337763/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5337763/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5337763/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5337763/
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/effects-of-resveratrol-supplementation-on-cardiovascular-risk-factors-in-patients-with-nonalcoholic-fatty-liver-disease-a-randomised-doubleblind-placebocontrolled-study/2665ADF1B375C4F322754ABF7840A410
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/effects-of-resveratrol-supplementation-on-cardiovascular-risk-factors-in-patients-with-nonalcoholic-fatty-liver-disease-a-randomised-doubleblind-placebocontrolled-study/2665ADF1B375C4F322754ABF7840A410
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/effects-of-resveratrol-supplementation-on-cardiovascular-risk-factors-in-patients-with-nonalcoholic-fatty-liver-disease-a-randomised-doubleblind-placebocontrolled-study/2665ADF1B375C4F322754ABF7840A410
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/effects-of-resveratrol-supplementation-on-cardiovascular-risk-factors-in-patients-with-nonalcoholic-fatty-liver-disease-a-randomised-doubleblind-placebocontrolled-study/2665ADF1B375C4F322754ABF7840A410
https://www.ncbi.nlm.nih.gov/pubmed/26784973
https://www.ncbi.nlm.nih.gov/pubmed/26784973
https://www.ncbi.nlm.nih.gov/pubmed/26784973
https://www.ncbi.nlm.nih.gov/pubmed/26784973
https://www.ncbi.nlm.nih.gov/pubmed/20716633
https://www.ncbi.nlm.nih.gov/pubmed/20716633
https://www.ncbi.nlm.nih.gov/pubmed/20716633
https://www.nature.com/articles/srep24744
https://www.nature.com/articles/srep24744
https://www.nature.com/articles/srep24744
https://www.wjgnet.com/1007-9327/full/v16/i2/184.htm
https://www.wjgnet.com/1007-9327/full/v16/i2/184.htm
https://www.wjgnet.com/1007-9327/full/v16/i2/184.htm
https://www.ncbi.nlm.nih.gov/pubmed/19083481
https://www.ncbi.nlm.nih.gov/pubmed/19083481
https://www.ncbi.nlm.nih.gov/pubmed/28664087
https://www.ncbi.nlm.nih.gov/pubmed/28664087
https://www.ncbi.nlm.nih.gov/pubmed/22810991
https://www.ncbi.nlm.nih.gov/pubmed/22810991
https://www.ncbi.nlm.nih.gov/pubmed/22810991
https://www.ncbi.nlm.nih.gov/pubmed/22810991
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0137665
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0137665
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0137665
https://www.ncbi.nlm.nih.gov/pubmed/26633488
https://www.ncbi.nlm.nih.gov/pubmed/26633488
https://www.ncbi.nlm.nih.gov/pubmed/26633488
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.5570
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.5570
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.5570
https://econtent.hogrefe.com/doi/abs/10.1024/0300-9831.79.3.152
https://econtent.hogrefe.com/doi/abs/10.1024/0300-9831.79.3.152
https://econtent.hogrefe.com/doi/abs/10.1024/0300-9831.79.3.152
http://www.mdpi.com/1422-0067/17/6/843
http://www.mdpi.com/1422-0067/17/6/843
http://www.mdpi.com/1422-0067/17/6/843
https://www.nature.com/articles/ejcn200965
https://www.nature.com/articles/ejcn200965
https://www.nature.com/articles/ejcn200965
https://www.ncbi.nlm.nih.gov/pubmed/27344308
https://www.ncbi.nlm.nih.gov/pubmed/27344308

Citation: de Jesus RP, Mota JF, Gonzélez-Muniesa P, Waitzberg DL, Telles MM, et al. (2018) Plant Polyphenols in Obesity and Obesity-Associated Metabolic Dis-
orders: A Narrative Review of Resveratrol and Flavonoids Upon the Molecular Basis of Inflammation. Overview of Obesity. J Obes Nutr Disord: JOND-129. DOI:
10.29011/2577-2244.100029

proves metabolic control in patients with type 2 diabetes mellitus: a
possible involvement of reduced levels of circulating visfatin. Journal
of Endocrinological Investigation 39: 1295-1301.

105.

against alcohol-induced liver injury in rats. Phytotherapy Research 21:
234-238.

Mahadevan S, Park Y (2008) Multifaceted Therapeutic Benefits of

91. Hernaez A, Remaley AT, Farras M, Fernandez-Castillejo S, Subirana Ginkgo biloba L.. Chemistry, Efficacy, Safety, and Uses. Journal of
I, et al. (2015) Olive Oil Polyphenols Decrease LDL Concentrations Food Science 73: R14-R19.
jgsrtaDlLo'fAmft:ﬁ?oennﬂg-Iqshggzggz; Randomized Controlied Trial. The 106. Heinonen T, Gaus W (2015) Cross matching observations on toxico-

' ' logical and clinical data for the assessment of tolerability and safety of

92. Fernandez-Castillejo S, Valls RM, Castarier O, Rubié L1, Catalan U, et Ginkgo biloba leaf extract. Toxicology 327: 95-115.
al. (.2016). Polyphenol rich olive 0"5. improve Iipop_rotein particle athero- 107. Ahlemeyer B, Krieglstein J (2003) Pharmacological studies supporting
genic ra_t ios and subclass_e_s profile: A randomized, crossover, con- the therapeutic use of Ginkgo biloba extract for Alzheimer’s disease.
trolled trial. Molecular Nutrition and Food Research 60: 1544-1554. Pharmacopsychiatry 36: 8-14

93. Schaffer M, Schaffer PM, Zidan J, Bar Sela G (2011) Curcuma as 405, Kydolo GB (2000) The effect of 3-month ingestion of Ginkgo biloba
a functional food in the control of cancer and |r1ﬂammat|on. Current extract on pancreatic beta-cell function in response to glucose loading
Opinion in Clinical Nutrition & Metabolic Care 14: 588-597. in normal glucose tolerant individuals. The Journal of Clinical Pharma-

94. Franco-Robles E, Campos-Cervantes A, Murillo-Ortiz BO, Lépez-Bri- cology 40: 647-654.
ones S, Pérez-Vazquez VVV, et al. (2014) Effects of curcumin on brain- 109, Kudolo GB, Wang W, Javors M, Blodgett J (2006) The effect of the in-
derived neurotrophic factor levels and oxidative damage in obesity and gestion of Ginkgo biloba extract (EGb 761) on the pharmacokinetics of
diabetes. Applied Physiology, Nutrition, and Metabolism 39: 211-218. metformin in non-diabetic and type 2 diabetic subjects - A double blind

95. Panahi Y, Hosseini MS, Khalili N, Naimi E, Soflaei SS, et al. (2016) placebo-controlled, crossover study. Clinical Nutrition 25: 606-616.
Effects of supplementation with curcumin on serum adipokine concen-  110. Banin RM, Hirata BK, Andrade IS, Zemdegs JCS, Clemente APG, et
trations: A randomized controlled trial. Nutrition 32: 1116-1122. al. (2014) Beneficial effects of Ginkgo biloba extract on insulin signal-

. ) . ) ling cascade, dyslipidemia, and body adiposity of diet-induced obese

96. Rahmani S, Asgary S, Askari G Kesthrl M, .Hatamlp.our M, et "_"I' rats. Brazilian Journal of Medical and Biological Research 47: 780-788.
(2016) Treatment of Non-alcoholic Fatty Liver Disease with Curcumin:

A Randomized Placebo-controlled Trial. Phytotherapy Research 30:  111. Hirata BK, Banin RM, Dornellas AP, Andrade IS, Zemdegs JCS, et al.

1540-1548. (2015) Ginkgo biloba extract improves insulin signaling and attenuates
) . o inflammation in retroperitoneal adipose tissue depot of obese rats. Me-

97. Khajehdehi P, Pakfetrat M, Javidnia K, Azad F, Malekamkan L, et al. diators of Inflammation 2015: 419106.

(2011) Oral supplementation of turmeric attenuates proteinuria, trans-

forming growth factor-B and interleukin-8 levels in patients with overt ~ 112. Zhou YH, Yu JP, Liu YF, Teng XJ, Ming M, et al. (2006) Effects of

type 2 diabetic nephropathy: a randomized, double-blind and placebo- Ginkgo biloba extract on inflammatory mediators (SOD, MDA, TNF-

controlled study. Scandinavian Journal of Urology and Nephrology 45: alpha, NF-kappaBp65, IL-6) in TNBS-induced colitis in rats. Mediators

365-370. of Inflammation 2006: 92642.

98. Derosa G, Maffioli P, Simental-Mendia LE, Bo S, Sahebkar A (2016)  113. Liu SQ, Yu JP, Chen HL, Luo HS, Chen SM, et al. (2006) Therapeutic
Effect of curcumin on circulating interleukin-6 concentrations: A sys- effects and molecular mechanisms of Ginkgo biloba extract on liver fi-
tematic review and meta-analysis of randomized controlled trials. brosis in rats. The American Journal of Chinese Medicine 34: 99-114.
Pharmacological Research 111: 394-404. 114. Saponara R, Bosisio E (1998) Inhibition of cAMP-phosphodiesterase

99. Sahebkar A (2014) A systematic review and meta-analysis of random- by biflavones of Ginkgo biloba in rat adipose tissue. Journal of Natural
ized controlled trials investigating the effects of curcumin on blood lipid Products 61: 1386-1387.
levels. Clinical Nutrition 33: 406-414. 115. DellAgli M, Bosisio E (2002) Biflavones of Ginkgo biloba stimulate

100. Ho LJ, Hung LF, Liu FC, Hou TY, Lin LC, et al. (2013) Ginkgo biloba lipolysis in 3T3-L1 adipocytes. Planta Medica 68: 76-79.
extract individually inhibits JNK activation and induces c-Jun degrada- 14 jswko E, Diugotecka B, Makaruk B, Cieslinski | (2015) The effect of green
tion in human chondrocytes: potential therapeutics for osteoarthritis tea extract supplementation on exercise-induced oxidative stress pa-
8: €82033. rameters in male sprinters. European Journal of Nutrition 54: 783-791.

101. Hibatallah J, Carduner C, Poelman MC (1999) In-vivo and in-vitro 117. Huang J Wang Y Xie Z. Zhou Y. Zhang Y et al. (2014) The anti-
assessment of the free-radical-scavenger activity of Ginkgo flavone obesity effects of green tea in human intervention and basic molecular
glycosides at high concentration. Journal of Pharmacy and Pharma- studies. European Journal of Clinical Nutrition 68: 1075-1087.
cology 51: 1435-1440.

o 118. Mitscher LA, Jung M, Shankel D, Dou JH, Steele L, et al. (1997) Chemo

102. Rostokgr G, Behar A, Lagrue G (2000) Vascular hyperpermeability in protection: a review of the potential therapeutic antioxidant properties
nephrotic edema. Nephron 85: 194-200. of green tea (Camellia sinensis) and certain of its constituents. Medici-

103. Mehisen J, Drabaek H, Wiinberg N, Winther K (2002) Effects of a nal Research Reviews 17: 327-365.

Ginkgo biloba extract on forearm haemodynamics in healthy volun- 149 Moore RJ, Jackson KG, Minihane AM (2009) Green tea (Camellia sin-
teers. Clinical Physiology and Functional Imaging 22: 375-378. ensis) catechins and vascular function. British Journal of Nutrition 102:
104. Yuan G, Gong Z, Li J, Li X (2007) Ginkgo biloba extract protects 1790-1802.
13 Volume 03; Issue 03

J Obes Nutr Disord, an open access journal
ISSN: 2577-2244


https://www.ncbi.nlm.nih.gov/pubmed/27344308
https://www.ncbi.nlm.nih.gov/pubmed/27344308
https://www.ncbi.nlm.nih.gov/pubmed/27344308
https://www.ncbi.nlm.nih.gov/pubmed/27344308
https://www.ncbi.nlm.nih.gov/pubmed/27344308
https://www.ncbi.nlm.nih.gov/pubmed/27344308
https://www.ncbi.nlm.nih.gov/pubmed/27344308
https://www.ncbi.nlm.nih.gov/pubmed/27344308
https://www.ncbi.nlm.nih.gov/pubmed/27344308
https://www.ncbi.nlm.nih.gov/pubmed/27344308
https://www.ncbi.nlm.nih.gov/pubmed/26136585
https://www.ncbi.nlm.nih.gov/pubmed/26136585
https://www.ncbi.nlm.nih.gov/pubmed/26136585
https://www.ncbi.nlm.nih.gov/pubmed/26136585
https://www.ncbi.nlm.nih.gov/pubmed/26992050
https://www.ncbi.nlm.nih.gov/pubmed/26992050
https://www.ncbi.nlm.nih.gov/pubmed/26992050
https://www.ncbi.nlm.nih.gov/pubmed/26992050
https://www.ncbi.nlm.nih.gov/pubmed/21986478
https://www.ncbi.nlm.nih.gov/pubmed/21986478
https://www.ncbi.nlm.nih.gov/pubmed/21986478
http://www.nrcresearchpress.com/doi/abs/10.1139/apnm-2013-0133#.W6R_5WgzYdU
http://www.nrcresearchpress.com/doi/abs/10.1139/apnm-2013-0133#.W6R_5WgzYdU
http://www.nrcresearchpress.com/doi/abs/10.1139/apnm-2013-0133#.W6R_5WgzYdU
http://www.nrcresearchpress.com/doi/abs/10.1139/apnm-2013-0133#.W6R_5WgzYdU
https://www.ncbi.nlm.nih.gov/pubmed/27297718
https://www.ncbi.nlm.nih.gov/pubmed/27297718
https://www.ncbi.nlm.nih.gov/pubmed/27297718
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.5659
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.5659
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.5659
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.5659
https://www.tandfonline.com/doi/citedby/10.3109/00365599.2011.585622?scroll=top&needAccess=true
https://www.tandfonline.com/doi/citedby/10.3109/00365599.2011.585622?scroll=top&needAccess=true
https://www.tandfonline.com/doi/citedby/10.3109/00365599.2011.585622?scroll=top&needAccess=true
https://www.tandfonline.com/doi/citedby/10.3109/00365599.2011.585622?scroll=top&needAccess=true
https://www.tandfonline.com/doi/citedby/10.3109/00365599.2011.585622?scroll=top&needAccess=true
https://www.tandfonline.com/doi/citedby/10.3109/00365599.2011.585622?scroll=top&needAccess=true
https://www.ncbi.nlm.nih.gov/pubmed/27392742
https://www.ncbi.nlm.nih.gov/pubmed/27392742
https://www.ncbi.nlm.nih.gov/pubmed/27392742
https://www.ncbi.nlm.nih.gov/pubmed/27392742
https://www.ncbi.nlm.nih.gov/pubmed/24139527
https://www.ncbi.nlm.nih.gov/pubmed/24139527
https://www.ncbi.nlm.nih.gov/pubmed/24139527
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0082033
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0082033
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0082033
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0082033
https://onlinelibrary.wiley.com/doi/abs/10.1211/0022357991777083
https://onlinelibrary.wiley.com/doi/abs/10.1211/0022357991777083
https://onlinelibrary.wiley.com/doi/abs/10.1211/0022357991777083
https://onlinelibrary.wiley.com/doi/abs/10.1211/0022357991777083
https://www.ncbi.nlm.nih.gov/pubmed/10867533
https://www.ncbi.nlm.nih.gov/pubmed/10867533
https://onlinelibrary.wiley.com/doi/full/10.1046/j.1475-097X.2002.00445.x
https://onlinelibrary.wiley.com/doi/full/10.1046/j.1475-097X.2002.00445.x
https://onlinelibrary.wiley.com/doi/full/10.1046/j.1475-097X.2002.00445.x
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.2054
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.2054
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.2054
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3841.2007.00597.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3841.2007.00597.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3841.2007.00597.x
https://www.ncbi.nlm.nih.gov/pubmed/25446328
https://www.ncbi.nlm.nih.gov/pubmed/25446328
https://www.ncbi.nlm.nih.gov/pubmed/25446328
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2003-40454
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2003-40454
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2003-40454
https://accp1.onlinelibrary.wiley.com/doi/abs/10.1002/j.1552-4604.2000.tb05991.x
https://accp1.onlinelibrary.wiley.com/doi/abs/10.1002/j.1552-4604.2000.tb05991.x
https://accp1.onlinelibrary.wiley.com/doi/abs/10.1002/j.1552-4604.2000.tb05991.x
https://accp1.onlinelibrary.wiley.com/doi/abs/10.1002/j.1552-4604.2000.tb05991.x
https://europepmc.org/abstract/med/16698134
https://europepmc.org/abstract/med/16698134
https://europepmc.org/abstract/med/16698134
https://europepmc.org/abstract/med/16698134
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-879X2014000900780
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-879X2014000900780
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-879X2014000900780
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-879X2014000900780
https://www.hindawi.com/journals/mi/2015/419106/
https://www.hindawi.com/journals/mi/2015/419106/
https://www.hindawi.com/journals/mi/2015/419106/
https://www.hindawi.com/journals/mi/2015/419106/
https://www.hindawi.com/journals/mi/2006/092642/abs/
https://www.hindawi.com/journals/mi/2006/092642/abs/
https://www.hindawi.com/journals/mi/2006/092642/abs/
https://www.hindawi.com/journals/mi/2006/092642/abs/
https://www.worldscientific.com/doi/abs/10.1142/S0192415X06003679
https://www.worldscientific.com/doi/abs/10.1142/S0192415X06003679
https://www.worldscientific.com/doi/abs/10.1142/S0192415X06003679
https://pubs.acs.org/doi/abs/10.1021/np970569m
https://pubs.acs.org/doi/abs/10.1021/np970569m
https://pubs.acs.org/doi/abs/10.1021/np970569m
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2002-19876
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2002-19876
https://link.springer.com/article/10.1007/s00394-014-0757-1
https://link.springer.com/article/10.1007/s00394-014-0757-1
https://link.springer.com/article/10.1007/s00394-014-0757-1
https://www.nature.com/articles/ejcn2014143
https://www.nature.com/articles/ejcn2014143
https://www.nature.com/articles/ejcn2014143
https://www.ncbi.nlm.nih.gov/pubmed/9211396
https://www.ncbi.nlm.nih.gov/pubmed/9211396
https://www.ncbi.nlm.nih.gov/pubmed/9211396
https://www.ncbi.nlm.nih.gov/pubmed/9211396
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/green-tea-camellia-sinensis-catechins-and-vascular-function/B18C5209893F360E6AD7DCA3C5247EDD
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/green-tea-camellia-sinensis-catechins-and-vascular-function/B18C5209893F360E6AD7DCA3C5247EDD
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/green-tea-camellia-sinensis-catechins-and-vascular-function/B18C5209893F360E6AD7DCA3C5247EDD

Citation: de Jesus RP, Mota JF, Gonzalez-Muniesa P, Waitzberg DL, Telles MM, et al. (2018) Plant Polyphenols in Obesity and Obesity-Associated Metabolic Dis-
orders: A Narrative Review of Resveratrol and Flavonoids Upon the Molecular Basis of Inflammation. Overview of Obesity. J Obes Nutr Disord: JOND-129. DOI:
10.29011/2577-2244.100029

120.

121.

122.

123.

Grove KA, Lambert JD (2010) Laboratory, epidemiological, and human
intervention studies show that tea (Camellia sinensis) may be useful in
the prevention of obesity. The Journal of Nutrition 140: 446-453.

Dower JI, Geleijnse JM, Gijsbers L, Zock PL, Kromhout D, et al. (2015)
Effects of the pure flavonoids epicatechin and quercetin on vascular
function and cardiometabolic health: a randomized, double-blind, pla-
cebo-controlled, crossover trial. American Journal of Clinical Nutrition
101: 914-921.

Cardoso GA, Salgado JM, Cesar Mde C, Carlos Mario DP (2013) The
effects of green tea consumption and resistance training on body com-
position and resting metabolic rate in overweight or obese women.
Journal of Medicinal Food 16: 120-127.

Mielgo-Ayuso J, Barrenechea L, Alcorta P, Larrarte E (2014) Effects
of dietary supplementation with epigallocatechin-3-gallate on weight
loss, energy homeostasis, cardiometabolic risk factors and liver func-
tion in obese women: randomised, double-blind, placebo-controlled
clinical trial. British Journal of Nutrition 111: 1263-1271.

124.

125.

126.

127.

128.

Chen 1J, Liu CY, Chiu JP, Hsu CH (2016) Therapeutic effect of high-
dose green tea extract on weight reduction: A randomized, double-
blind, placebo-controlled clinical trial. Clinical Nutrition 35: 592-599.

Most J, Timmers S, Warnke |, Jocken JWE, Boekschoten MV, et al.
(2016) Combined epigallocatechin-3-gallate and resveratrol supple-
mentation for 12 wk increases mitochondrial capacity and fat oxida-
tion, but not insulin sensitivity, in obese humans: a randomized con-
trolled trial. American Journal of Clinical Nutrition 104: 215-227.

Javaid A, Bonkovsky HL (2006) Hepatotoxicity due to extracts of Chi-
nese green tea (Camellia sinensis): a growing concern. Journal of He-
patology 45: 334-335.

Mazzanti G, Di Sotto A, Vitalone A (2015) Hepatotoxicity of green tea:
an update. Archives of Toxicology 89: 1175-1191.

Teschke R, Zhang L, Melzer L (2014) Green tea extract and the risk of
drug-induced liver injury. Expert Opinion on Drug Metabolism & Toxi-
cology 10: 1663-1676.

14

J Obes Nutr Disord, an open access journal
ISSN: 2577-2244

Volume 03; Issue 03


https://academic.oup.com/jn/article/140/3/446/4600358
https://academic.oup.com/jn/article/140/3/446/4600358
https://academic.oup.com/jn/article/140/3/446/4600358
https://www.ncbi.nlm.nih.gov/pubmed/25934864
https://www.ncbi.nlm.nih.gov/pubmed/25934864
https://www.ncbi.nlm.nih.gov/pubmed/25934864
https://www.ncbi.nlm.nih.gov/pubmed/25934864
https://www.ncbi.nlm.nih.gov/pubmed/25934864
https://www.liebertpub.com/doi/abs/10.1089/jmf.2012.0062
https://www.liebertpub.com/doi/abs/10.1089/jmf.2012.0062
https://www.liebertpub.com/doi/abs/10.1089/jmf.2012.0062
https://www.liebertpub.com/doi/abs/10.1089/jmf.2012.0062
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/effects-of-dietary-supplementation-with-epigallocatechin3gallate-on-weight-loss-energy-homeostasis-cardiometabolic-risk-factors-and-liver-function-in-obese-women-randomised-doubleblind-placebocontrolled-clinical-trial/422DE575A56FCE3D13B2983A0C7E3D72
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/effects-of-dietary-supplementation-with-epigallocatechin3gallate-on-weight-loss-energy-homeostasis-cardiometabolic-risk-factors-and-liver-function-in-obese-women-randomised-doubleblind-placebocontrolled-clinical-trial/422DE575A56FCE3D13B2983A0C7E3D72
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/effects-of-dietary-supplementation-with-epigallocatechin3gallate-on-weight-loss-energy-homeostasis-cardiometabolic-risk-factors-and-liver-function-in-obese-women-randomised-doubleblind-placebocontrolled-clinical-trial/422DE575A56FCE3D13B2983A0C7E3D72
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/effects-of-dietary-supplementation-with-epigallocatechin3gallate-on-weight-loss-energy-homeostasis-cardiometabolic-risk-factors-and-liver-function-in-obese-women-randomised-doubleblind-placebocontrolled-clinical-trial/422DE575A56FCE3D13B2983A0C7E3D72
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/effects-of-dietary-supplementation-with-epigallocatechin3gallate-on-weight-loss-energy-homeostasis-cardiometabolic-risk-factors-and-liver-function-in-obese-women-randomised-doubleblind-placebocontrolled-clinical-trial/422DE575A56FCE3D13B2983A0C7E3D72
https://www.ncbi.nlm.nih.gov/pubmed/26093535
https://www.ncbi.nlm.nih.gov/pubmed/26093535
https://www.ncbi.nlm.nih.gov/pubmed/26093535
https://academic.oup.com/ajcn/article/104/1/215/4569664
https://academic.oup.com/ajcn/article/104/1/215/4569664
https://academic.oup.com/ajcn/article/104/1/215/4569664
https://academic.oup.com/ajcn/article/104/1/215/4569664
https://academic.oup.com/ajcn/article/104/1/215/4569664
https://www.journal-of-hepatology.eu/article/S0168-8278(06)00278-9/abstract
https://www.journal-of-hepatology.eu/article/S0168-8278(06)00278-9/abstract
https://www.journal-of-hepatology.eu/article/S0168-8278(06)00278-9/abstract
https://www.ncbi.nlm.nih.gov/pubmed/25975988
https://www.ncbi.nlm.nih.gov/pubmed/25975988
https://www.tandfonline.com/doi/abs/10.1517/17425255.2014.971011?journalCode=iemt20
https://www.tandfonline.com/doi/abs/10.1517/17425255.2014.971011?journalCode=iemt20
https://www.tandfonline.com/doi/abs/10.1517/17425255.2014.971011?journalCode=iemt20

