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NEURAL REGENERATION RESEARCH 

Natural polyphenols effects on protein aggregates in 
Alzheimer’s and Parkinson’s prion-like diseases 

Introduction
General presentation of polyphenols
In plants, polyphenols (or phenolic compounds) play an 
essential role, in protection from ultraviolet radiation and 
against aggression by pathogens or predators, contribute 
to their colour and flavour and facilitate growth and repro-
duction. To date, more than 8000 natural polyphenols have 
been identified in plants (Pandey and Rizvi, 2009). They may 
be grouped into classes according to the shared structural 
characteristics of their carbon skeletons. The main classes 
include phenolic acids and derivatives (hydroxybenzoic and 
hydroxycinnamic), flavonoids (flavanols, flavonols, flavones, 
flavanones, isoflavones, chalcones, anthocyanins), tannins 
(condensed or hydrolysable), stilbenes, lignans, coumarins, 
lignins (Naczk and Shahidi, 2006). Polyphenols share one 
common feature: an aromatic ring with at least one hydroxyl 
substituent. However, they vary greatly in their complexity 
from phenols to the highly polymerized tannins. They occur 
predominantly as conjugates with one or more sugars resi-
dues generally linked to hydroxyl groups or, less frequently, 
aromatic carbon atoms (Pandey and Rizvi, 2009). The prin-
ciple sugar residue is glucose, while others (e.g., galactose, 
rhamnose, xylose or arabinose) are also encountered (Bravo, 
1998). When ingested, polyphenols enter the digestive sys-
tem primarily in form of glycosides, although some agly-
cones may be present. Before absorption, these compounds 
must be hydrolysed by endogenous enzymes (Pandey and 
Rizvi, 2009). This metabolism should be kept in mind when 
interpreting results, since the forms reaching the blood and 
tissues are different from those present in food: the most 
common polyphenols in our diet are not necessarily those 
showing highest concentration of active metabolites in tar-
get tissues (Pandey and Rizvi, 2009). 

Biological activities and health implications of polyphenols 
In the last decade of 20th century, the major researches fo-
cused on antioxidant activity of polyphenols due to their 
properties to scavenge free radical such as reactive oxygen 
species or hydroxyl radicals, which are produced in living 
organisms. Due to their unpaired electron, free radicals are 
very reactive species and their overproduction can cause 
damage to all biological macromolecules (DNA, proteins, 
lipids), resulting in cell alteration. Polyphenols can also 
act as antioxidants through their capacity to chelate metal 
ions such as iron. Some of them have antioxidant activity 
stronger than the reference water soluble vitamin E ana-
logue Trolox, (Fauconneau et al., 1997). There are increasing 
evidences that polyphenols may protect cell constituents 
against oxidative damage and limit various disease associat-
ed with oxidative stress. Number of in vitro and in vivo stud-
ies have demonstrated that polyphenols intake limits the 
incidence of coronary heart diseases, in particular athero-
sclerosis in which low density lipoprotein (LDL) oxidation 
play a key mechanism in the development of this pathology. 
Likewise, studies provide evidence for a protective role of a 
diet rich in polyphenols against chronic diseases including 
cancers (Anantharaju et al., 2016) and diabetes (Jung et al., 
2007). In more recent works, polyphenols may provide pro-
tection in neurodegenerative disorders, such as Alzheimer’s 
disease (AD) and Parkinson’s disease (PD) (Figure 1). 

AD and PD
AD and PD are the most common neurodegenerative dis-
orders. For demographic reasons, these two diseases affect 
an increasing percentage of population. The common mo-
lecular mechanism observed in these neurodegenerative 
diseases is the formation of protein aggregates (Hashimoto 
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et al., 2003). The ubiquitin-proteasome system cannot re-
move these aggregates not only because they are in excessive 
quantities but also because these proteins are misfolded, 
have excessive sizes and consequently present resistance to 
degradation. Indeed, aggregation and accumulation of these 
misfolded proteins in the central nervous system is due to 
a result of changes in the native proteins conformation and 
is consequent to aberrant production or overexpression of 
specific proteins, leading to progressive neurological impair-
ment and neuronal dysfunction observed in AD (Hashimoto 
et al., 2003; Gadad et al., 2011) and in PD (Guerrero et al., 
2013). Autophagy, as a lysosomal pathway, could play an 
important role in preventing the accumulation of abnormal 
proteins (Kroemer and Levine, 2008). However, defects of 
autophagy and accumulation of protein aggregates are ob-
served in neurodegenerative diseases such as AD (Lee et al., 
2010; Gusdon et al., 2012; Francois et al., 2014) and PD (Wu 
et al., 2011; Lynch-Day et al., 2012). 

AD and PD share some neuropathological features with 
prion diseases and consequently these neurodegenerative 
diseases are considered as prion-like diseases. They involve 
proteins able to aggregate, β-amyloid (Aβ) peptide, tau, 
α-synuclein (α-syn) and synphilin-1, following conforma-
tional changes (Toni et al., 2017). Moreover, metal ions can 
directly bind to them, enhancing aggregates formation. 

AD is the most prevalent neurodegenerative disease. 
It accounts for an estimated 60% to 80% of all dementias 
(Alzheimer’s Association, 2017), which concerns more than 
36 million people in the Word and the number of affected 
people is expected to be more than 115 million in 2050 (Alz-
heimer’s Disease International, 2015). The estimated preva-
lence exceeds 10% for people over 65 years old (Alzheimer’s 
Association, 2017). Extracellular senile plaques, constituted 
by deposition of aggregated Aβ peptides and intraneuronal 
neurofibrillary tangles (NFTs) composed by accumulation 
of hyperphosphorylated tau protein are two of the major 
histopathological lesions leading to the progression of the 
pathogenesis in this disease. Aβ is mainly produced by amy-
loidogenic metabolism of amyloid precursor protein, by the 

Figure 1 Classification of representative natural polyphenols 
reported in this article as modulating protein aggregates in 
Alzheimer’s disease and Parkinson’s disease.

sequential action of β- and γ-secretases, leading to the lib-
eration of peptide between 39 and 42 amino-acid residues. 
This last undergoes conformation modifications, acquires 
a β-sheet structure and so becomes prone to aggregation 
(Greenwald and Riek, 2010, 2012). Tau is a soluble micro-
tubule protein present in neuronal cells that plays a dom-
inant role in axonal growth and neuronal development by 
stabilizing the micro-tubular assembly (Mietelska-Porowska 
et al., 2014). Under pathological conditions, up regulation 
of kinases (Dolan and Johnson, 2010) and down regulation 
of phosphatases (Liu et al., 2005) result in hyperphosphor-
ylation of tau protein, leading to double helical insoluble 
filaments and tangled clumps NFTs. These last form inside 
the neuronal cell body during the progression of AD and are 
relatively insoluble protein complexes (Iqbal et al., 2014). 

PD is a progressive motor disease and is the second most 
common neurodegenerative disease after AD. It affects close 
to 5% of people over 65 years old (Wirdefeldt et al., 2011). 
It is characterized by the progressive loss of dopaminergic 
neurons from the substantia nigra region of the brain, with 
some surviving nigral dopaminergic neurons containing 
cytosolic filamentous inclusions known as Lewy bodies (LBs) 
and Lewy neurites (LNs). These toxic proteins are due to 
abnormal protein folding and endoplasmic reticulum stress 
and there are many, such as α-syn (Irizarry et al., 1998; 
Spillantini et al., 1998) and synphilin-1 (Wakabayashi et al., 
2000). α-syn, a major fibrillar component of LBs and LNs, 
is a presynaptic neuronal protein. Its precise function is not 
well known but it may play a role in signals transmission 
and in the regulation of the dopamine. In physiological 
conditions, α-syn is soluble. However, under pathological 
conditions, it undergoes abnormal conformation, becomes 
insoluble and leads to toxic aggregates. Synphilin-1 is an 
α-syn-interacting protein also present in the LBs, which pro-
motes inclusion formation (Xie et al., 2010). 

Polyphenols Effects on Aggregates in 
Alzheimer’s and Parkinson’s Prion-Like Diseases
Polyphenols are described to have beneficial effects on pri-
on-like diseases (Additional Table 1 and Figure 2). Indeed, 
PAQUID study described that consumption of high levels of 
flavonoid polyphenols decrease the risk of dementia by 50% 
(Commenges et al., 2000). Many of them decrease amyloid, 
tau, α-syn and synphilin-1 deposits, by inhibition of their 
formation or by disaggregation of them (Stefani and Rigacci, 
2014; Sivanesam and Andersen, 2016; Nabavi et al., 2017; 
Velander et al., 2017; Habtemariam, 2018). These proper-
ties are mediated by direct interaction with proteins or by 
interaction with metal ions promoting aggregation. Indeed, 
polyphenols are able to bind and chelate many different 
bivalent metals, such as Cu2+, Zn2+ and Fe2+, involved in am-
yloid aggregation (Singh et al., 2008; Mandel et al., 2011). 
Since soluble amyloid oligomers of Aβ, α-syn and tau appear 
to have structural features in common (Kayed et al., 2003), 
a number of compounds that inhibited the assembly of Aβ, 
α-syn and tau may recognise and interact with this common 
structure. 
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Polyphenols and AD  
Polyphenols and β-amyloid peptide
Effects of numerous natural polyphenols on in vitro β-am-
yloid peptide aggregation/disaggregation and on amyloid 
deposits formation in vivo are studied and described (Figure 
2A and Additional Table 1). Many polyphenols, such as 
wine-or olive tree-related polyphenols, tannic acid, curcum-
in, and EGCG, were described to inhibit in vitro β-amyloid 
aggregation in fibrils and disaggregation of them (Velander 
et al., 2017). These properties are mediated by interaction 
with metal ions promoting aggregation or by direct interac-
tion with amyloid peptide but also by direct interaction of 
them with polyphenols, notably by interfering with β-sheets 
(Toni et al., 2017). 
Thus, Ono et al. (2003) showed by fluorescence spectroscop-
ic analysis with thioflavin T and electron microscopy that, in 
vitro, wine-related polyphenols (myricetin, morin, querce-
tin, kaempferol (+)-catechin and (–)-epicatechin) dose-de-
pendently inhibited formation and extension of fibrillary Aβ 
(fAβ) from Aβ1–40 and Aβ1–42. Moreover, these polyphenols 
dose-dependently destabilized preformed fAβs, with overall 
activity of the molecules examined in the order of: myricetin 
= morin = quercetin > kaempferol > (+)-catechin = (–)-epi-
catechin. The same authors demonstrated similar effects for 
tannic acid on the formation, extension and destabilization 
of fAβ (Ono et al., 2004). Rivière et al. (2007) examined the 
effects of stilbenes on Aβ25–35 fibril formation, using UV-vis-
ible measurements and electron microscopy. The inhibitory 
properties of resveratrol, piceid, resveratrol diglucoside, 
piceatannol, astringin and viniferin were characterized and 
compared. Resveratrol and piceid were shown to be the most 
efficient to inhibit Aβ polymerization (Rivière et al., 2007). 
The ability of multiple polyphenolic glycosides and their 
esterified derivative to interact with metal ions and met-
al-free/-associated Aβ, and further control both metal-free 
and metal-induced Aβ aggregation was investigated through 
western blot assay, transmission electron microscopy, ultra-
violet (UV)-visible spectroscopy, fluorescence spectroscopy, 

and nuclear magnetic resonance (NMR) spectroscopy by 
Korshavn et al. (2015) The cytotoxicity of the compounds 
and their ability to mitigate the toxicity induced by both 
metal-free and metal-bound Aβ were also examined. Thus, 
verbascoside, natural product present in olive tree and its 
esterified derivative was shown to regulate the aggregation 
and cytotoxicity of metal-free and/or metal-associated Aβ 
to different extents (Korshavn et al., 2015). A recent study 
demonstrated that trans ε-viniferin disaggregated Aβ1–42 
with better efficiency than resveratrol (Vion et al., 2017). 

These effects can be partially explained by interaction of 
polyphenols with amyloid peptide. Thus, a non-covalent 
complex between ε-viniferin glucoside and Aβ was observed 
by electrospray ionization mass spectrometry (Richard et 
al., 2011). Moreover, in a recent review, rosmarinic acid was 
described to also directly interact with Aβ1–42 (Taguchi et al., 
2017). These molecules interfere with β-sheet to exert their 
activity (Francioso et al., 2015). But polyphenols effects on 
metal ions contribute also to their properties. An assay using 
2-(5-Bromo-2-pyridylazo)-5-[N-propyl-N-(3-sulfopropyl)
amino]phenol disodium salt dihydrate (5-Br-PAPS) allowing 
the examination of Zn(II) and Cu(II) complexation showed 
that gallic acid, EGCG, and curcumin are multifunctional 
agents (Chan et al., 2016). 

Many in vivo studies demonstrated in different AD models 
that polyphenols inhibited amyloid deposits in brain mice. 
Thus, it was shown that curcumin, injected peripherally into 
aged APPsweTg2576 mice crossed the blood brain barrier 
(BBB) and bound to amyloid plaques, reducing amyloid 
levels and plaque formation decisively (Yang et al., 2005). 
Another study, using in vivo multiphoton microscopy, 
demonstrated that curcumin crossed the BBB and labeled 
senile plaques and cerebrovascular amyloid angiopathy in 
another model of AD, APP(Swe)/PS1dE9 mice. Moreover, 
systemic treatment on these mice with curcumin for 7 days 
cleared and reduced existing plaques (Garcia-Alloza et al., 
2007). When these same mice were fed during 6 months, 
between 3 and 9 months of age, with polyphenol-rich grape 

 A    B   

Figure 2 Main effects of cited polyphenols modulating protein aggregates in Alzheimer’s disease (A) and Parkinson’s disease (B).
EGCG: Epigallocatechin 3-gallate; NDGA: nordihydroguaiaretic acid.
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seed extract, containing gallic acid, catechin, epicatechin 
and proanthocyanidins or with curcumin, a decrease of Aβ 
deposition was observed (Wang et al., 2009). In the same 
way, when APPsweTg2576 were fed with myricetin, nor-
dihydroguaiaretic acid (NDGA) or rosmarinic acid for 10 
months from the age of 5 months, amyloid plaques in mice 
brains were significantly decreased (Hamaguchi et al., 2009). 
Resveratrol administrated by food at AD Tg19959 mice 
during 45 days also diminished plaque formation in a region 
specific manner, in medial cortex, striatum and hypothala-
mus (Karuppagounder et al., 2009). 

Polyphenols and tau 
Some polyphenols were also shown to inhibit phosphor-
ylation and aggregation of tau. For example, EGCG was 
described to bind tau in this phosphorylation site with high 
affinity and to modify tridimensional structure of tau, lead-
ing to inhibition of its aggregation (Gueroux et al., 2017). 
A recent study showed that, by direct interaction with tau, 
rosmarinic acid prevented β-sheet assembly (Cornejo et 
al., 2017). Grape seed-derived polyphenol extract seems to 
potentially interfere with the assembly of tau peptides into 
neurotoxic aggregates (Wang et al., 2010). Same authors 
showed that oral administration of this extract significantly 
decreased the development of AD type tau neuropathology 
in the brain of Thy-1 mutated human tau (TMHT) mouse 
model of AD through mechanisms associated with atten-
uation of extracellular signal-receptor kinase 1/2 signaling 
in the brain (Wang et al., 2010). Moreover, polyphenols 
induce disaggregation of aggregated tau (Duff et al., 2010) 
and modify ultrastructure of paired helical filaments isolated 
from AD brains, decreasing enlargement of filaments (Ks-
iezak-Reding et al., 2012). Both daily intraperitoneal injec-
tions between 12 and 14 months and oral treatment between 
8 and 14 months by green tea EGCG induced decrease of 
insoluble hyperphosphorylated tau in brain of APPswe 
Tg2576 mice (Rezai-Zadeh et al., 2005, 2008). Moreover, a 
systemic treatment with curcumin during 7 days, partially 
restored distorted neurites in APP(Swe)/PS1dE9 mice (Gar-
cia-Alloza et al., 2007). 

Polyphenols and PD 
Polyphenols and α-syn
In vitro, α-syn has been shown to form amyloid fibrils 
and these fibrils have been detected in patient with PD in 
the form of plaques in the brain. However, autopsies have 
shown that there is no correlation between the amount 
of fibrils and the severity of PD (Goldberg and Lansbury, 
2000). A prominent hypothesis is that the soluble β-oligo-
mers which are formed prior to the formation of mature 
fibrils are the cause of cytotoxicity, probably by membrane 
pore formation (Sivanesam and Andersen, 2016). Therefore, 
the prevention of protein aggregation and oligomerization 
is an attractive strategy in combating the neurodegenera-
tion because it acts on the very beginning of the proposed 
cellular pathway leading to cell death. In order to modulate 
amyloidogenesis pathways, common strategies are (i) to 

prevent α-syn from forming toxic oligomers, (ii) to increase 
the amyloidogenesis so that α-syn spends very little time in 
the presumably toxic oligomers state, and (iii) to direct α-syn 
to form off-pathway non¬toxic aggregates (Sivanesam and 
Andersen, 2016). 

Effects of natural polyphenols on α-syn aggregation/
disaggregation are studied and described (Figure 2B and 
Additional Table 1). Using fluorescence spectroscopy with 
thioflavin S and electron microscopy, Ono and Yamada 
(2006) examined the effects of 13 antioxidants on the for-
mation and destabilization of preformed α-syn fibrils. Their 
anti fibrillogenic and fibril-destabilizing activity was in the 
order: tannic acid = nordihydroguaiaretic acid = curcumin 
= rosmarinic acid = myricetin > kaempferol = ferulic acid > 
catechin = epi-catechin. Thus, they concluded that these an-
tioxidants could prevent the development of α-synucleinop-
athies, not only through scavenging reactive oxygen species, 
but also through directly inhibiting the deposition of fibrils 
in the brain. Masuda et al. (2006) tested 39 polyphenols 
and 14 from them are strong inhibitors of α-syn filament 
assembly. Baicalein, delphinidin, gallocatechin gallate, and 
rosmarinic acid seem to be of particular interest for their 
properties to inhibit α-syn filament formation. They formed 
soluble, non cytotoxic (on human neurons SH-SY5Y cells), 
oligomeric α-syn, probably by binding to the C-terminal 
region, suggesting that this may be the mechanism by which 
filament formation is inhibited. 48 different flavonoids be-
longing to several classes were tested by Meng et al. (2010) 
for their ability to inhibit the aggregation of α-syn by stabi-
lizing non-pathogenic protein conformation. Majority of the 
flavonoids inhibit α-syn polymerization either delaying or 
completely abolishing fibril formation and disaggregate the 
preformed fibrils into monomer and non¬pathogenic oligo-
mers. Molecule such as baicalein tightly bind to the protein 
and greatly stabilize its native unfold conformation. The 
mechanism of the strong inhibition is mostly due to the for-
mation of Schiff base (Meng et al., 2009). Hong et al. (2008) 
specified that baicalein-stabilized oligomers are β-sheet-en-
riched according to Circular Discroism and Fourier Trans-
form Infra Red analysis. They did not form fibrils even 
after very prolonged incubation. Oligomers were extremely 
stable. These baicalein-stabilized oligomers, being added to 
the solution of the aggregating α-syn, were able to notice-
ably inhibit its fibrillation. Using confocal single-molecule 
fluorescence spectroscopy, Caruana et al. (2011) used the 
structural diversity of 14 polyphenols to define key molecu-
lar scaffolds most effective in inhibiting oligomer formation 
by α-syn and disaggregating pre-formed oligomers. They 
found that baicalein, EGCG, nordihydroguaiaretic acid, mo-
rin, myricetin, quercetin and tannic acid have strong effects. 
They conclude that the best candidate required: (1) aromatic 
recognition elements that would allow non-covalent binding 
to the α-syn monomer/oligomer and (2) hydroxyl groups 
(especially the presence of three > two > one –OH group on 
the same ring structure) that would hinder the progress of 
the self-assembly process and/or destabilize its structure. In 
another work, Caruana confirmed the ability of α-syn oligo-
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mers to permeabilise phospholipids membranes, potentially 
via pore-forming mechanism resembling the mechanism of 
neuronal toxicity in vivo (Caruana et al., 2012). They found 
that a group of small-molecule polyphenols (Nordihydro-
guaiaretic acid, Morin, Baicalein and Apigenin) strongly 
protect against membrane perturbation induced by aggre-
gated wild-type and mutant (A30P, A53T) α-syn. 

Some studies focused more specifically on one polyphenol 
and drew attention. Curcumin has been extensively studied 
on different models of neurodegenerative diseases and the 
results suggested that it could be of interest in the treatment 
of these pathologies. However, the potential efficacy of cur-
cumin is limited owing to its poor potency and bioavailabil-
ity. For this reason, Ahsan et al. (2015) screened different 
curcumin derivatives and they found that curcumin pyrazole 
derivatives inhibit α-syn aggregation and reduce α-syn asso-
ciated neurotoxicity by employing several biophysical, im-
aging techniques, dot blot and cell based assays. EGCG bind 
to the natively unfolded polypeptides, forming complexes 
and preventing their conversion into toxic, on-pathway ag-
gregation intermediates. The stimulation of this off-pathway 
led to the reduced cytotoxicity (Ehrnhoefer et al., 2008). It 
has also been suggested that EGCG is capable of binding to 
the oligomeric state of α-syn, destabilizing it and preventing 
it from interacting with membranes that would ultimately 
lead to cytotoxicity (Lorenzen et al., 2014). In a recent study, 
Yang et al. (2017) showed that EGCG exhibited its protec-
tive effect against α-syn mediated cytotoxicity, not only by 
producing the off-pathway compact oligomers, but also by 
facilitating the conversion of “active” oligomers into fibrils, 
thus accelerating the removal of active oligomers which could 
exert the membrane disruption and subsequent cellular de-
generation. Gallic acid potently inhibited the formation of fi-
brils of α-syn and reduced the rate of formation of oligomers 
(Liu et al., 2014). It binds to soluble, non-toxic oligomers and 
stabilize their structure. Additionally, by using structure ac-
tivity relationship, data obtained from 14 structurally similar 
benzoic acid derivatives showed that the inhibition of α-syn 
fibrillation was related to the number of hydroxyl moieties 
and their position on the phenyl ring (Ardah et al., 2014). 
Piceatannol inhibited the formation of α-syn fibrils and was 
able to destabilize preformed filaments. Furthermore, it pro-
tected PC12 (neuron like) cells against α-syn-induced toxicity 
(Temsamani et al., 2016). Albani et al. (2009) showed that 
resveratrol pre-treatment protect SK-N-BE cells from the 
toxicity arising from aggregation-prone protein (α-syn-
(A30P), mutated α-syn in familial Parkinsonism). 

In animal models of PD, several studies clearly demon-
strated that various polyphenols possess neuroprotective 
effects, but no study provided information on interaction 
between polyphenols and α-syn and on fibrils formation. 

Polyphenols and synphilin-1 
Few studies described the role of polyphenols in aggre-
gation of synphilin-1. However, Pal et al demonstrated 
that a curcumin analogue, the 3,5-bis(2-flurobenzylidene)
piperidin-4-one induced a marked decrease in synphilin-1 

aggregation in the dopaminergic SHSY-5Y cells (Pal et al., 
2011). This curcumin analog prevents this aggregation by 
preventing covalent modifications and by maintaining the 
expression of the protein disulfide isomerase. 

Conclusion
This paper reviews the significant papers that demonstrated 
beneficial effects of natural polyphenols against protein aggre-
gates found in AD an PD. These properties can be explained 
by the capacity of polyphenols to inhibit aggregation of major 
components of pathological aggregates, i.e., Aβ in amyloid 
plaques, tau in NTF, α-syn and synphilin-1 in LB and LNs 
and to partially disaggregate them. Many mechanisms are 
implicated, such as direct interaction of polyphenols with 
β-sheets of these proteins, leading to inhibition of abnormal 
conformational changes or hyperphosphorylation, but also by 
interaction with metal ions promoting aggregation. These ef-
fects are particularly interesting because polyphenols possess 
other beneficial properties, such as antioxidative, anti-inflam-
matory, pro-autophagic and neuroprotective activities. These 
properties, by themselves, may participate in the reduction in 
protein aggregation and deposition, without a direct effect of 
polyphenols on the process of protein aggregation and depo-
sition. As multi-targeting drugs, polyphenols may lead to the 
development of therapeutic agents that could prove useful 
in combating AD and PD. However, it is difficult to predict 
nontoxic efficient doses for in vivo studies and clinical trials, 
because there is not necessarily a conversion relationship 
between in vitro and in vivo doses, notably because in vivo ex-
periments are influenced by complex factors such as neuroen-
docrine system and immunity (Chen et al., 2018). Moreover, 
the doses between humans and animals are usually converted 
by body surface area calculation method, but this result may 
be not reliable because of the differences in drug metabolism 
between these two species. 

To our knowledge, no clinical trial studied the role of poly-
phenols in the formation of protein aggregates in prion-like 
diseases. The only clinical studies investigating polyphenols 
effects in neurodegenerative diseases evaluated their role to 
prevent or treat cognitive impairment associated with neuro-
degeneration. Such, clinical trials using only resveratrol and 
curcumin showed their efficacy to preserve or restore cog-
nitive function (Mazzanti and Di Giacomo, 2016), but these 
beneficial effects are not necessary be explained only by their 
action on aggregates. It would be necessary to evaluate bene-
ficial effects of the other polyphenols on major symptoms in 
AD and PD, i.e., cognitive decline in AD and motor disorders 
in PD and to clarify relation between the role of polyphenols 
on protein aggregates and their symptomatic effects. 
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