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1. Introduction

Die ta ry  po lyphenols  a re  common secondary 
metabolites in various plant foods, which derive 
from L-phenylalanine and play an important role in 
the normal growth and functions of the plants (1). 
They are available for the pigmentation of flower, 
fruit and vegetables to adapt to use bees or moths as 
pollinators and seed dispersers. They protect plants 
against ultraviolet light, act as the plant defense against 
pathogenic microorganisms, for example, phenolic 
monoterpenes (such as carvacrol, thymol, etc.) have 
antifungal activity against plant pathogenic fungi (2,3). 
Recently, human epidemiological studies have shown 
that there is a positive correlation between the intake 
of polyphenols and the incidence of many chronic 

degenerative diseases, such as cardiovascular diseases, 
cancers, neurodegenerative diseases and diabetes (4,5). 
One typical case is "French Paradox phenomenon" 
which is referred to as a relatively low incidence of 
coronary heart disease (CHD) in the French population, 
despite consuming a diet rich in saturated fat (6). The 
possible explanation for the lower CHD in the French is 
the large consumption of wines, which are rich in some 
polyphenols. Another typical case is "Mediterranean 
diet" which was characterized by high consumption of 
olive oil, unrefined cereals, vegetables, fruits; moderate 
consumption of fish, cheese and wine, which was 
rich in dietary polyphenols. The health benefits and 
protective effects of "Mediterranean diet" against age-
related cognitive decline and cognitive impairment of 
Alzheimer's disease (AD) and vascular dementia (VaD) 
were well documented (7,8). Therefore, there has been 
growing scientific interest in various chemical properties 
and biological effects of dietary polyphenols on chronic 
degenerative diseases. 
 More than 8,000 different polyphenols have been 
identified in edible plants. Their diverse chemical 
structures contribute to their multiple functions including 
anti-oxidative, anti-inflammatory, anti-carcinogenic, 
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cardioprotective actions and anti-platelet properties, etc. 
(9,10). However, the structure-activity relationship of 
dietary polyphenols is still unclear. Importantly, dietary 
polyphenols are found to bring potential danger to human 
health (11). Some dietary polyphenols have mutagenic 
and/or pro-oxidant effects, as well as interference 
with endogenous essential biochemical pathways (12-
14). Therefore, this review will summarize the recent 
understanding of the structure and structure-activity 
relationship, the therapeutic effects and molecular 
mechanism of dietary polyphenols on human diseases, 
and the polyphenols-gut microbiota interactions as 
well as the potential dangers of individual dietary 
polyphenols.

2. The molecular structure and structure-activity 
relationship of dietary polyphenols

Chemically, dietary polyphenols consist of one or 
more hydroxyl groups directly attached to a benzene 
ring. They can be classified according to their structure 
as flavonoids, phenolic acid derivatives, and the less 
common stilbenes or lignans in Table 1, and most 
percentages exist in the form of flavonoids (4,15). 
Flavonoids have a common C6-C3-C6 structure 
consisting of two aromatic rings linked by a three carbon 
chain, and are usually organized as an oxygenated 
heterocycle in Figure 1. Among non-flavoniods 
polyphenols (Figure 2), stilbenes have a common C6-
C2-C6 structure consisting of two aromatic rings linked 
through a two carbon bridge with a double bond in Figure 
2B (16). One of Stilbenes, resveratrol, has gotten more 
attention because of its multiple biological functions. 
Lignans consist of mostly two phenylpropanoid moieties 
connected via their side chain C8 carbons (17). They can 
be converted to enterodiol and enterolactone by intestinal 
bacteria in Figure 2C. 
 On the basis of the structural discrepancies, the 
structure-activity relationships of polyphenols have 
been established in vitro and in vivo (Table 2). Several 
catechins have shown their ability to induce apoptosis in 
human cancer cells (18). It has been found that catechins 

with a pyrogallol-type structure in a B-ring induced 
apoptosis and a 3-O-gallate group in a cis-relationship 
to the B ring enhanced the activity, whereas catechins 
without a pyrogallol-type structure in a molecule lacked 
this activity. (-)-epigallocatechin-3-gallate (EGCG) and 
its metabolite products, such as pyrogallol, gallic acid 
or quinones also have been reported to have important 
roles in inducing apoptosis (19). By investigating the 
molecular structure-affinity relationship of natural 
polyphenols for γ-globulin, Xiao et al. demonstrated 
that galloylated catechins and catechol-type catechins 
exhibited higher binding affinities for γ-globulin than 
non-galloylated and pyrogallol-type catechins (20). 
They also found that the glycosylation of resveratrol 
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Table 1. The categories of the representative polyphenolic 
compounds

Categories                           Representative compounds

1. Flavonoids
    Flavanols               (-)-Epigallocatechin-3-gallate (EGCG); 
                Epigallocatechin (EGC); (+)-Catechin.
    Flavonols               Myricetin; Quercetin.
    Flavones               Apigenin; Luteolin; Chrysin.
    Isoflavones               Genistein; Daidzein; Glycitein.
    Flavanones               Hesperetin; Naringenin.
    Anthocyanins               Anthocyanidins; Procyanidine.
2. Phenolic acids derivatives     Caffeic acid
3. Stilbenes               Resveratrol; Piceatannol.
4. Lignans                Secoisolariciresinol; Matairesinol.
5. Phenolic monoterpenes         Carvacrol, Thymol

Figure 1. The chemical structure of different classes of 
Flavonoids. (A) The basic skeleton of flavonoid; (B) Flavanol; 
(C) Flavonol; (D) Flavone; (E) Isoflavone; (F) Flavanone.

Figure 2. The chemical structure of non-flavoniods 
polyphenols. (A) Caffeic acid (phenolic acids); (B) The basic 
skeleton of stilbene and resveratrol (stilbenes); (C) Enterodiol 
and enterolactone (lignans).
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relevant to the inhibitory property against the activity 
of matrix metalloproteinase 9 (MMP-9), which plays an 
important role in the turnover of basement membrane 
type IV collagen during the formation of atherosclerotic 
plaques (24). However, Cai et al. reported that although 
lignans had hydroxyl groups, their radical scavenging 
activity was very weak. Lack of the ortho-dihydroxy 
structure was the main reason (25). In addition, the 
antifungal activity of phenolic monoterpenes (carvacrol, 
thymol) was related to the basic structures of phenolic 
hydroxyl and monoterpene, while the position of 
phenolic hydroxyl has no significant effect. Moreover, 
the ester derivatives of carvacrol or thymol showed 
stronger antifungal activity against pathogenic fungi 
than their parent structure (2).

3. The beneficial effects of polyphenols on several 
chronic degenerative diseases

Numerous action mechanisms of polyphenols including 
anti-oxidation, free radical scavenging, mitochondrial 
protection and anti-cancerization, regulation on 
transcription factors and membrane receptors have 
been investigated. Some research demonstrated that 
dietary polyphenols have important potential for 
effective treatment of chronic degenerative diseases 
(CDD) like cardiovascular diseases (CVD), cancers and 
neurodegenerative diseases (4).

3.1. Dietary polyphenols and cardiovascular diseases

Die ta ry  po lyphenols  a re  benef ic ia l  in  many 
cardiovascular diseases, including myocardial ischemia/
reperfusion, platelet aggregation, inflammation and 
atherosclerosis (26). Among numerous plausible 

decreased its affinity for γ-globulin. Moreover, 
cardioprotective effects of flavonoids are mainly due 
to the multiple hydroxyl groups in their molecules. 
Multiple hydroxyl groups conferred upon the molecule 
inhibition of lipid peroxidation, chelating redox-active 
metals and attenuating other processes involving 
reactive oxygen species. Methoxy groups in flavonoids 
introduce unfavorable steric effects and increase the 
lipophilicity and membrane partitioning, which result 
in decreased antioxidation. A double bond and carbonyl 
function in the heterocycle or polymerization of the 
nuclear structure increases free radical scavenging 
activity by affording a more stable flavonoid radical 
through conjugation and electron delocalization (21). 
Daidzein, a soy isoflavone, possessed potent hydroxyl 
radical scavenging activity through forming stable 
daidzein radicals with highly reactive hydroxyl radicals 
by a hydrogen abstraction reaction with both OH 
functional groups, the 4'-OH and 7'-OH site of daidzein. 
The high enthalpic stabilization involved in daidzein 
radical formation at the 4'-OH site can be partly 
attributed to better solvation through hydrogen-bonding 
interactions with water and higher electron density 
delocalization of the radical over the adjacent aromatic 
ring (22). Both anthocyanidins and anthocyanins showed 
better antiradical and reductant activities than trolox 
and catechol. A structure-activity relationship study 
showed that, the 3-OH group improved hydrogen atom 
donation because of the stabilization by anthocyanidins 
semiquinone-like resonance, while radicals of the 4, 5 
or 7-OH groups could only be stabilized by resonance 
through pyrylium oxygen in the presence of the 3-OH 
group. The 3-OH group also enhanced electron donation 
(23). Furthermore, Saragusti et al. have demonstrated 
that flavonoid R3'-OH and R4'-OH substitutions were 

Table 2. Structure-activity relationship of dietary polyphenols

Polyphenol compounds 

Flavonoids

Catechins

Isoflavones

Anthocyanins

Stibenes
Lignans
Phenolic monoterpenes

                                    Group in structure

Methoxy groups
Multiple hydroxyl groups

A double bond and carbonyl in the heterocycle
R3'-OH and R4'-OH substitutions 

pyrogallol-type structure in B ring
Without pyrogallol-type structure in B ring
3-O-gallate group in cis- relationship to the B ring in catechins
Galloylated catechins and Catechol-type catechins

4'-OH and 7'-OH site of daidzein

3-OH group 

Glycosylation of resveratrol
Without ortho-dihydroxy group
Phenolic hydroxyl and monoterpene in carvacrol or thymol
Ester derivatives of carvacrol or thymol

                                   Activity

Decrease antioxidation
Inhibition on lipid peroxidation and ROS, chelating 
redox-active metals
Increase free radical scavenging activity
Inhibit MMP-9 activity

Apoptosis induction
Lack of apoptosis induction
Increase apoptosis induction
Higher affinity to γ-globulin than non-galloylated 
or  pyrogallol-type

Increase hydroxyl radical scavenging activity

Better antiradical and reductant activities than trolox 
and catechol

Decreased affinity to γ-globulin
Weak radical scavenging activity
Antifungal activity
Increased antifungal activity
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mechanisms, which may be involved in cardiovascular 
protection, improvement of endothelial function 
and inhibition of angiogenesis in blood vessels has 
been shown. Yang et al. reported that resveratrol, 
an antioxidant existing in red wine, was effective in 
preventing myocardial ischemia/reperfusion injury 
which may be due to its antioxidant activity and 
upregulation of vascular endothelial growth factor B 
(27). EGCG, a bioactive ingredient of green tea, plays a 
protective role in the cardiovascular system by inhibiting 
the expression of angiotensin II type 1 receptor (AT-1R) 
and extracellular regulated protein kinases 1/2 (ERK1/2) 
and p38 mitogen-activated protein kinase (MAPK) 
signals, resulting in a decrease of proliferation of human 
vascular smooth muscle cells (HVSMCs) induced 
by homocysteine (Hcy) (28). Furthermore, dietary 
polyphenols have positive effects on vascular function 
and platelet function in humans to attenuate thrombosis. 
The consumption of polyphenol rich foods might 
impart anti-thrombotic and cardiovascular protective 
effects via their inhibition of platelet hyperactivation 
or aggregation. Polyphenols also alleviated fibrinogen 
binding to platelet surface (GPIIb-IIIa) receptors to 
reduce platelet recruitment for aggregation and inhibit 
platelet degranulation by targeting various additional 
platelet activation pathways (e.g. by blocking platelet-
ADP, collagen receptors) (29). Khan et al. demonstrated 
that flavonoids were responsible for several health-
promoting properties, such as outstanding preclinical 
antiplatelet effects, and provided an ideal approach 
as templates for new, clinically effective and safe 
antiplatelet agents (30). Omega-3 polyunsaturated 
fatty acids (PUFA) rich Mediterranean diet has 
protective effects for CVD by reducing the risk for 
sudden death induced by cardiac arrhythmias and 
could treat hyperlipidemia and hypertension. Foods 
with omega-3 PUFA, purple grape juice (PGJ), and 
wine all reduce platelet aggregation and P-selectin 
expression (31). PGJ suppressed platelet-mediated 
thrombosis by decreasing platelet aggregation and 
superoxide production, increasing platelet-derived NO 
release which represented a potential mechanism for the 
beneficial effects of PGJ in CVD. An abundance of new 
evidence points to inflammation as a major participant 
in the pathogenesis and development of cardiovascular 
diseases. Polyphenols have been reported to directly 
inhibit inflammatory responses of the innate immune 
system, such as nuclear factor-kappa B (NF-κB), and 
activate anti-inflammatory gene transcription factors, 
such as peroxisome proliferators-activated receptors-γ 
(PPAR-γ), adenosine monophosphate activated protein 
kinase (AMPK), etc. to exert a protective effect against 
hypertension, atherosclerosis, dyslipidemias (32). The 
impact of polyphenols on the same molecular targets as 
pharmacological interventions on inflammation makes 
it possible to develop a unique, non-pharmacological 
approach for CVD treatment.

3.2. Dietary polyphenols and cancers

Though great progress has been made in cancer 
therapy in the past several decades, the incidence and 
mortality of cancer has been increasing endlessly. 
By epidemiologic investigation, polyphenols-rich 
diets have been shown to be associated with a lower 
risk of cancers. Therefore, numerous studies have 
been conducted to explore the beneficial effects of 
polyphenols on various cancers. Green tea polyphenols 
defend healthy cells from malignant transformation 
and induce apoptosis locally in oral cancer cells (33). 
Polyphenols extracted from both green tea and ginger 
showed antiproliferative and apoptosis-mediated 
cytotoxic effects on human non-small lung cancer 
cells (34). Polyphenols and sterols extracted from 
virgin argan oil have also shown antiproliferative and 
pro-apoptotic effects on human prostate cancer cell 
lines (35). Lignans, recognized as the greatest class 
of phytoestrogens in the Western diet, have a negative 
correlation with breast cancer risk in postmenopausal 
women (36). Apigenin (4',5,7-trihydroxyflavone), a 
major plant flavone, has shown anticancer properties 
reducing the risk of certain cancers alone and/or 
increasing the efficacy of several chemotherapeutic 
drugs. It could affect several molecular and cellular 
targets related to a variety of human cancers, in 
particular, inducing differential effects in causing 
minimal toxicity to normal cells (37). However, the 
underlying mechanisms are still unclear. Kang et al. 
indicated that polyphenols exerted anti-tumor actions as 
small molecular inhibitors of signaling cascades and src 
family kinase (38). EGCG induced apoptosis in human 
acute promyelocytic leukemia NB4 cells and increased 
the level of Bcl-2-associated X protein (Bax) protein 
expression via upregulating Src homology 1 domain-
containing protein tyrosine phosphatase (SHP-1)-
p38αMAPK- Bax cascade (10). EGCG in combination 
with Am80 (a synthetic retinoid) synergistically 
induced apoptosis in human lung cancer cell line PC-9 
and up-regulated expressions of growth arrest and 
DNA damage-inducible gene 153 (GADD153), death 
receptor 5, p21waf1 genes by increasing acetylation 
levels in nonhistone proteins such as p53, α-tubulin via 
down-regulation of histone deacetylase 4, 5, 6 (39). 
In addition, inflammation is increasingly found to be 
involved in the development of different types of cancer 
and the anti-inflammatory property of some polyphenols 
might provide a therapeutic window for the treatment of 
cancer. For example, curcumin and rutin reduced tumor-
associated inflammation in HPV16-transgenic FVB/
n mice through inhibition of the expression of cyclo-
oxygenase-2 (COX-2) (40). Curcumin has also been 
reported to restore the level of tumor suppressor p53 
through increasing nuclear factor-erythroid 2 related 
factor 2 (Nrf2) activation and upregulation of tumor 
growth factor β (TGF-β) and inducible nitric oxide 
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synthase (iNOS) in lymphoma bearing mice (41). These 
indicate that polyphenols have the potential for the 
development of new strategies for cancer prevention.

3.3. Dietary polyphenols and neurodegenerative diseases

The typical diagnosis of AD includes neuropathological 
lesions, such as amyloid plaques and cerebral 
amyloid angiopathy, and substantial neuronal loss 
(42). Resveratrol, which has been found in more than 
70 plant species, promotes the non-amyloidogenic 
cleavage of the amyloid precursor protein, enhances 
clearance of amyloid beta-peptides, and reduces 
neuronal damage (43). EGCG, the major component 
of green tea, exerted a neurorescue effect against 
functional and neurochemical deficits in a mouse model 
of Parkinson disease (PD) by regulating the iron-export 
protein ferroportin in substantia nigra and reducing 
oxidative stress (44). The flavanone hesperetin, has 
also been shown to have a protective effect on an 
early model of PD induced by 6-hydroxydopamine via 
mitigation of nigral DNA fragmentation as an index 
of apoptosis and prevention of loss of substantia nigra 
pars compacta (SNC) dopaminergic neurons (45). 
Except for the amyloid neurotoxicity, mitochondrial 
dysfunction and oxidative damage may also play 
important roles in the slowly progressive neuronal death 
(46,47). Numerous studies have indicated that dietary 
polyphenolic compounds exhibited neuroprotective 
effects through scavenging free radicals and increasing 
anti-oxidant capacity in vitro and in vivo AD models. 
Furthermore, they could facilitate the endogenous 
antioxidant system by stimulating transcription (48,49). 
Feng et al. reported that grape seed extract (GSE) 
reduced the concentration of brain 8-isoprostaglandin 
F2α and proapoptotic protein c-jun in the brain cortex 
improving neurofunctional abnormalities caused by 
hypoxia-ischemia. GSE also reduced brain injury by 
suppressing lipid peroxidation after reoxygenation in 
rat pups (50). Long-term consumption of fermented 
rooibos herbal tea significantly reduced brain edema 
and neuronal apoptosis by reducing lipid peroxidation 
levels and increasing total antioxidant capacity in 
Wistar rats following cerebral ischemia induced by 
bilateral occlusion of the common carotid arteries 
(51). Oral consumption of flavonoids may promote 
neural protection by facilitating the expression of gene 
products responsible for detoxifying the ischemic 
microenvironment through both anti-oxidative and anti-
inflammatory actions. In particular, the transcriptional 
factor, nuclear factor erythroid 2-related factor 2 
(NFE2L2), has emerged as a critical regulator of 
flavonoid-mediated protection through induction of 
various cytoprotective genes (52). Some reports have 
shown that the neuroprotective effects of polyphenols 
may be associated with activation or inhibition of some 
cellular signaling pathways involving Sirtuin 1 (SIRT1), 

AMPK, etc. Resveratrol is the first polyphenolic 
compound, which has been shown to activate SIRT1 
(53). SIRT1 plays an essential role in the ability of 
moderate doses of resveratrol to stimulate AMPK 
and improve mitochondrial function both in vitro 
and in vivo (54). Wang et al. reported that resveratrol 
reversed rotenone-induced neurotoxicity through 
activation of the SIRT/Akt1 signaling pathway and 
reduction of reactive oxygen species (ROS) production 
in PC12 cells (55). A recent report showed that 
strawberry supplementation improved aging-associated 
impairments in mitochondrial function and biogenesis 
through increasing the expression of AMPK cascade 
genes and decreasing intracellular ROS levels and 
lipid and DNA damage in old rats (56). Studies with 
lower organisms have also revealed that the increase of 
AMPK activity could extend lifespan (57).

4. The potential cellular and molecular mechanism 
of polyphenols on chronic degenerative diseases 

Molecular mechanisms underlying the potential 
therapeutic role of polyphenols on CDD have been 
investigated (Table 3). Here, we will briefly summarize 
the regulation effects of dietary polyphenols on DNA 
damage, transcription factors and mRNA expression.

4.1. Dietary polyphenols inhibit DNA damage

DNA is easily assaulted by the byproducts of cellular 
metabolism, background radiation and environmental 
mutagens. Particularly, DNA double-strand breaks may 
result in cell death or cancer if improperly repaired. It 
could be induced by reactive oxygen species, ionizing 
radiation and some anti-cancer drugs. Polyphenols and 
flavonoids in artichoke leaf tincture have been shown 
to inhibit oxidative DNA damage to limit the effects 
of the atherogenic diet through reducing monocyte 
chemoattractant protein-1 (MCP-1) expression (58). Seo 
and Lee demonstrated that antioxidant supplementation 
including polyphenols, ascorbate and curcumin to 
lymphocytes inhibited benz[a]anthracene-induced 
oxidative DNA damage in vitro (59). Resveratrol has 
also shown the ability to antagonize DNA damage 
induced by aflatoxin B1 in human lymphocytes (60). 
Dietary polyphenols such as quercetin, myricetin 
and catechin could protect HepG2 cells against DNA 
strand breaks and oxidized pyrimidines induced 
by N-nitrosodimethylamine, N-nitrosopyrrolidine 
and benzo(a)pyrene, which are three carcinogenic 
compounds in the environment (61). Furthermore, 
the hypermethylation of promoter sequences is the 
main mechanism of epigenetic inactivation of various 
genes that are necessary for the accurate regulation of 
apoptosis, cell cycle or DNA repair. Studies reported 
that polyphenols (EGCG, dietary black tea and 
coffee polyphenols, annurca apple polyphenols) have 
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demethylation activity by inhibiting mammalian DNA 
methyltransferase 3a (Dnmt3a) to show potential anti-
cancer effects, or improvement of brain performance 
(62,63).

 4.2. Dietary polyphenols regulate transcription factors

Nuclear transcription factor NF-κB regulates the 
expression of many genes, which encode proteins 
involved in immune response, inflammatory reaction, 
apoptosis and neurodegenerative diseases (64,65). 
Special polyphenols could modulate the expression of 
genes, which are regulated by NF-κB at multiple levels. 
For example, Epicatechin and dimeric procyanidins 
B2 restrained NF-κB activation in Jurkat T cells and 
Hodgkin's lymphoma cells by interacting with NF-
κB proteins and preventing the binding of NF-κB to 
the DNAκB sites (66,67). It is noteworthy that NF-κB 
can be constitutively activated in most types of human 
cancer including breast, colon, skin, lung, esophagus, 
pancreas, prostate and gliomas and plays a critical 
role in the regulation of cell survival, proliferation and 
apoptosis (68,69). A polyphenolic fraction of green tea 
(GTP) inhibited cell proliferation and induced apoptosis 
of human osteosarcoma SAOS-2 cells by decreasing 
nuclear DNA binding of NF-κB/p65 and lowering 
the NF-κB/p65 and p50 levels in the cytoplasm and 
nucleus (70). Moreover, red wine metabolites may 

delay the activation of different transcription factors, 
NF-κB and activator protein-1 induced by TNF-α to 
prevent cell adhesion (71). PPAR-γ is another nuclear 
receptor and transcription factor, which is involved in 
cell control, proliferation and differentiation, exerting     
anti-inflammatory, anti-cancer and insulin-sensitizing 
actions. Polyphenols have been reported to regulate 
the expression of both PPAR-γ and NF-κB. Curcuma 
longa polyphenols have been shown to improve 
obesity-related metabolic disorders by upregulating 
the gene expression of PPAR-γ and decreasing the 
production of pro-inflammatory molecules such as 
NF-κB, MCP-1, interleukin 6 (IL-6), etc. in 3T3-L1 
adipose cells exposed to hydrogen peroxide (H2O2)-
mediated oxidative stress (72). Choi et al. has also 
shown that galangin exerts anti-inflammatory effects 
by inhibiting NF-κB activity and increasing expression 
and transcriptional activity of PPAR-γ in polyinosinic-
polycytidylic acid (poly(I:C)) (a viral mimic dsRNA 
analog)-stimulated microglia (73).

4.3. Dietary polyphenols regulate mRNA expression

Telomerase, a specialized reverse transcriptase, has 
an important role in cell fate, for example, sustaining 
cell proliferation resulting in tumorigenesis and 
mutagenesis. The activity of telomerase correlates with 
the degree of malignancy and senescence (74). Tea 

Table 3. Molecular mechanism of dietary polyphenols for treatment of CDD

Disease 

Cardiovascular disease

Neurodegenerative disease

Cancer

                                         Action

Antiproliferation of HVSMCs
Antiplatelet aggregation

Free radical scavenging
Anti-inflammation
Anti-arthrosclerosis
Endothelial NO production
Endothelial protection by inhibiting PAI-1

Clearance of amyloid beta-peptides; Reduction of 
oxidative stress and lipid peroxidation; Mitigation of DNA 
fragmentation; Prevention of loss of dopaminergic neurons; 
Antihypoxia-ischemia
Neuroprotection
Relieve neurotoxicity and improve mitochondrial function
Demethylation activity to improve brain performance

Anti-tumor actions
Apoptosis induction 

Antiproliferation
Reduced tumor-associated inflammation

                              Signal pathway

↓AT-1R, ↓p-ERK1/2, ↓p-P38/MAPK
↓Fibrinogen binding to GPIIb-IIIa receptor;
↓P-selectin expression

↓NF-kB, ↑PPAR-γ and AMPK
↓MCP-1
↓Cav-1 mRNA level
↑EC p38, ↑ERK1/2, ↑JNK

↓brain 8-isoPGF2α, ↓c-jun
↑NFE2L2; Regulation on iron-export protein ferroportin
↑SIRT/Akt1, ↑AMPK
↓Dnmt3a

↓Src family kinase
↑Bax, upregualt ion of SHP-1-p38MAPK-Bax; 
↑GADD153; ↑death receptor 5; ↑p21waf1 genes; ↑p53, 
↑Nrf2, ↑TGF-β, ↑iNOS
↑SIRT1/Akt
↓Telomerase mRNA level
↓COX2; ↓NF-kB/p65 activation; ↑PPAR-γ

HVSMCs: human vascular smooth muscle cells; AT-1R: angiotensin II type 1 receptor; ERK1/2: extracellular regulated protein kinases 1/2; MAPK: 
mitogen-activated protein kinase; NF-κB: Nuclear transcription factor; PPAR-γ: peroxisome proliferators-activated receptors-γ; AMPK: AMP-
activated protein kinase; MCP-1: monocyte chemoattractant protein-1; Cav-1: caveolin-1; EC p38: endothelial cell p38; PAI-1: plasminogen activator 
inhibitor type-1; JNK: c-Jun N-terminal kinase; 8-isoPGF2α: 8-iso-prostaglandin F2α; NFE2L2: nuclear factor erythroid 2-related factor 2; SIRT: 
Sirtuin 1; Dnmt3a: DNA methyltransferase 3a; SHP-1: Src homology 1 domain-containing protein tyrosine phosphatase; GADD153: growth arrest 
and DNA damage-inducible gene 153; iNOS: inducible nitric oxide synthase; COX2: cyclooxygenase 2.
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polyphenols of EGCG and epigallocatechin (EGC) 
showed repression activities on carcinogenesis by 
inhibiting mRNA expression of human telomerase 
reverse transcriptase (hTERT) in human lung carcinoma 
H1299 cells, human oral cancer OECM-1 cells and 
tongue squamous-cell carcinoma cells (SAS) (75). 
In the cardiovascular system, caveolin-1 (Cav-1), a 
negative regulator of endothelial nitric oxide synthase, 
influences various aspects of cardiovascular function. 
Green tea polyphenols could down-regulate mRNA 
levels of Cav-1 in bovine aortic endothelial cells time- 
and dose-dependently via activating ERK1/2 and 
inhibiting p38MAPK signaling (76). Furthermore, there 
is a positive association between plasminogen activator 
inhibitor type-1 (PAI-1) and the development and 
progression of CVD. Catechin and quercetin showed 
cardiovascular protection through down-regulating the 
PAI-1 mRNA level in endothelial cells via activating 
ERK1/2 and c-Jun N-terminal kinase (JNK) (77). A 
resveratrol-rich grape has also been reported to reduce 
low-density lipoprotein (LDL)-cholesterol, oxidized 
LDL and apolipoprotein B (ApoB) and improve 
the inflammatory and fibrinolytic status in patients 
undergoing primary prevention of CVD through 
decreasing thrombogenic PAI-1 by modulating six key 
inflammation-related transcription factors involved in 
inflammation and cell migration (78).

5. The polyphenols-gut microbiota interactions 

There  exis ts  a  complex microbial  ecosystem 
comprising considerable metabolic versatility in the 
human intestinal tract (79). Reports have shown that 
dietary polyphenols could affect the composition and 
function of gut microbiota involved in the maintenance 
of gastrointestinal health. The equilibrium of the 
gut microbiota in return keeps the bioavailability 
and physiological activity of dietary polyphenols. 
The growth of certain pathogenic bacteria such 
as Clostridium perfringens, Clostridium difficile 
and Bacteroides spp. were significantly repressed 
by tea phenolics and their derivatives, while the 
growth of commensal anaerobes like Clostridium 
spp., Bifidobacterium spp. and probiotics such as 
Lactobacillus sp. were not affected. This suggested 
that different strains of intestinal bacteria had different 
sensitivity to tea phenolics and their metabolites (80). 
Moreover, consistent evidence from Shanthi et al. 
indicates that polyphenols have potential to alter gut 
microecology and confer positive gut health benefits 
by regulating the total number of beneficial microflora 
in the gut (81). There is a growing body of evidence 
that gut microbiota contributes to colon tumorigenesis. 
Polyphenols can inhibit the development of colon 
tumorigenesis through affecting the composition and 
activity of the gut microbiota and anti-inflammation. 
On the other hand, gut microbiota are involved in 

the metabolism of polyphenols and convert dietary 
polyphenols into active and bioavailable metabolites. 
As gut microbiota vary among individuals, variations 
in gut microbiota can affect polyphenol activity by 
producing metabolites with different physiological 
significance (82). For example, the soy isoflavone 
daidzein is microbially biotransformed to equol, which 
has a more potent estrogenic action than the precursor 
itself. Being overweight or obese induced the gut 
microbial environment alteration and contributed to 
being incapable of metabolizing the soy isoflavone 
daidzine to O-desmethylangolensin (ODMA) in peri- 
and post-menopausal women (83). What's more, 
human intestinal bacteria could rapidly degrade 
cyranidin 3-glucoside (C3G, one of the major dietary 
anthocyanins) to phenolic acids in vitro. However, 
higher concentrations of phenolic acids were observed 
in the presence of intestinal bacteria, while these 
products appeared at considerably lower levels in the 
absence of bacteria (84). 

6. The potential danger of dietary polyphenols on 
human health

Many types of polyphenols are considered to be 
traditional herbal medicines and safety drug candidates. 
However, it is noteworthy that some actions of 
individual dietary polyphenols may have a potential 
danger to human health. Tannins, catechins, flavones 
and isoflavones have been considered as topo poisons, 
which could cause high numbers of broken and 
recombined chromosomes and chromosome aberrations 
in treated cells (85,86). Green tea polyphenols (GTPs) 
showed toxicity at high doses presumably due to pro-
oxidative properties in experimental rodents, such 
as hepatotoxicity, GTP-deteriorated dextran sodium 
sulfate (DSS)-induced intestinal inflammation and 
carcinogenesis, 1% GTPs induced nephrotoxicity in 
colitis mode mice, etc. (87). Quercetin transformed 
into an ortho-quinone after scavenging free radicals 
to decrease the level of many anti-oxidative cellular 
substances such as glutathione (GSH), and total anti-
oxidative capacity (88). Biso et al. reported that 
quercetin, quercetin-3-O-α-l-rhamnoside (quercitrin), 
myricetin and gallic acid derivatives showed mutagenic 
potential for peripheral blood cells by micronucleus 
test (Ames test), while they didn't show genotoxic 
activity in the mouse cells (90). Another study observed 
the mutagenicity of ten flavonoids, results showed 
that some flavonoids such as galangin, kaemferol and 
quercetin could be biotransformed into more genotoxic 
metabolites and showed signs of mutagenicity in 
Ames test (90). The structural requirements for 
mutagenicity is a flavonoid ring structure with a free 
hydroxyl group at the 3-position, a double bond at the 
2,3-position and a keto-group at the 4-position allowing 
the proton of the 3-hydroxyl group to tautomerize to 
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a 3-keto moiety. When free hydroxyl groups are not 
present in the B-ring, a metabolic activating system is 
required for the formation of a mutagenic compound 
(91). In addition, flavonoids in propolis induced both 
mutagenic and antimutagenic effects depending on its 
concentration (92). The result is consistent with the 
study that green propolis caused an increase in the 
damage to DNA in the peripheral blood cells of mice 
using micronucleus and single-cell gel electrophoresis 
assays (93). Comparable to green propolis, the extracts 
of baccharis dracunculifolia showed genotoxic and 
mutagenic effects by increasing the DNA damage in 
blood and liver tissues and the frequency of micronuclei 
in bone marrow in mice (94). Cecropia pachystachya, 
which contains chlorogenic acid, isoorientin, orientin, 
and isovitexin, were shown to be genotoxic to brain 
tissue because of the ability to cross the blood-brain 
barrier and act on the central nervous system and had 
mutagenic effects at higher doses (95).

7. Prospects of dietary polyphenols in treatment of 
CDD 

Recent investigations of the pharmacological actions 
of dietary polyphenols have showed that they have 
neuroprotection, free radical scavenging, anti-
oxidation, reduction of LDL-cholesterol and ApoB, anti-
inflammation, carcinogenesis repression, inhibition on 
DNA damage, etc. which promised strong potential 
for treatment of AD, PD, CVD, and cancers. However, 
more research will be needed to further investigate the 
structure-activity relationship of polyphenols molecules 
and the mechanism of biological effects including 
beneficial or deleterious effects before treating dietary 
polyphenols as therapeutic agents.
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