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PERSPECTIVE

Polyphenols for the prevention and 
treatment of dementia diseases

The greatest risk factor for neurodegeneration is aging. How-
ever genetics at birth only contributes 20–25% to the determi-
nants of lifespan, so we actually have around 75% control over 
how well individuals age in body and brain. Health is the real 
wealth and that everyone can significantly control/achieve sus-
tainable health and quality of life through lifestyle choices needs 
to be better promoted. Dementia is predominantly a disease 
of aging with millions of people suffering from dementia and 
Alzheimer’s disease (AD) and in recent years little has happened 
to change and improve the cognitive functions of elderly people 
(2015 Alzheimer’s disease facts and figures). Every 4 seconds 
there is a new case of dementia in the world and with 7.7 mil-
lion cases annually, the estimated global cost of AD and demen-
tia disease is $604 billion.

Diet has a dynamic molecular impact on human health. The 
nature and quantity of dietary intake profoundly influenc-
es cellular functions, epigenetic alterations and mechanisms 
that control gene expression. Food technology has provided 
an over-supply of processed food for the western diet and has 
profoundly changed our eating habits and choices. In modern 
times our appetites have outgrown our energy needs and this 
has impacted negatively on our minds and bodies (Ulijaszek et 
al., 2012). The diet related chronic diseases of modern society 
are now the single largest cause of death encompassing diabetes, 
cardiovascular disease, hypertension, obesity and cognitive 
decline (Scheme). To sustain healthy aging requires dietary 
restraint, a reduction of the consumption of processed foods 
and fatty diets, with negative nutritional attributes such as 
high energy refined sugars, saturated fats, high sodium con-
tent and an increasing affinity and tendency to consume those 
with positive health attributes including nutraceuticals, phyto-
chemicals and micronutrient rich foods. Carbohydrates, lipids 
and proteins are the primary dietary fuels that yield metabolic 
energy providing body function and performance, whereas 
dietary phytochemicals and herbal medicines rich in poly-
phenols (Hügel, 2015) are associated with a decreased risk of 
several human chronic diseases, sustain the cellular molecular 
machinery, preventing the development of disorders, gain of 
toxic function and disease conditions. For example, by stim-
ulating lipid metabolism in rats, the green tea flavanol epigal-
locatechin gallate (EGCG) reversed the high-fat diet induced 
hypercholesterolemic levels in rats and provided protection for 
the cardiovascular system. The enzymatic and non-enzymatic 
antioxidant levels were improved, activated sirtuin 1, endothe-
lial nitric oxide synthase and adenosine monophosphate-ac-
tivated protein kinase α, are all indicators that the protective 
effect of EGCG and other catechins in green tea act as strong 
activating agents through stimulation of the metabolism of 
high-level fats that may lead to a lower risk of developing heart 
disease (Zhong et al., 2015).

Natural products utilized in folk medicine have demonstrated 
safety profiles since they have already been utilized for decades 
for the treatment of disease in humans and animals, we use 
them as templates for the generation of analogues for the de-
velopment of therapeutic compounds, and probing molecular 
mechanisms underlying cellular dysfunction. The major liabil-
ities of herbal medicinal products have poor biocompatibility, 
pharmacokinetic profiles and BBB permeability. 

Alkaloids, terpenes, polyphenolic compounds represent the 
most prevalent classes of herbal constituents with anti-demen-
tia benefit. It is unclear to what extent many of these bioactive 
phytochemicals, utilized in single or herbal formulae doses can 
reach the brain in sufficient concentrations and in a biologically 
active form to exert their neuroprotective effects (Hügel and 
Jackson, 2014). For AD therapy, herbal products offer a wider 
range of brain-targets, nutritional benefits, safer dosage, long-
term applications and efficacious treatment of AD pathology. 
For in vivo and large epidemiological studies, the quality assur-
ance of herbal bioactives and production of mass quantities is 
another challenge for the translation of natural products into 
therapeutic agents. The majority of herbs are consumed as 
aqueous extracts so their formulation has to provide increased 
bioavailability and blood brain barrier permeability. Strategies 
for enhancing polyphenol bioavailability include encapsulation 
as phospholipid nanoparticles; incorporation with biodegrad-
able polymers; use of bioactive analogues; modifications to 
improve pharmacokinetics, use of adjuvants as absorption en-
hancers. 

Dementia is a multifactorial disease, linked to aging, environ-
mental impacts and is different in each patient. Herbs and food 
supplements are readily available so it is imperative that the 
molecular mechanisms of their significant health benefits are 
determined so herbs or formulations are able to complement 
approved drugs and provide the best therapeutic treatment 
against Aβ toxicity. 

Polyphenols are found in a wide variety of foodstuffs and 
beverages and the high intake of fruits, vegetables, herbs and 
many plant foods is inversely related to the incidence of sever-
al degenerative diseases, highlighting the increased consumer 
attention to the importance of a balanced diet in relation to 
human health. It has been estimated that a balanced diet may 
provide around 1 g of polyphenols daily. Polyphenols are able to 
(a) react with free radicals blocking their activity, (b) modulate 
the expression of genes [epigenetics] involved in metabolism, 
act as signaling molecules increasing antioxidant defense, and 
(c) protect and repair DNA damage. Our research efforts focus 
on the molecular mechanisms that correlate the health benefits 
of polyphenols against the most common diseases related to ox-
idative stress driven pathologies, including neurodegenerative, 
cancer, cardiovascular diseases, inflammation, type II diabetes 
and metabolic syndrome diseases.

Another characteristic feature of polyphenols is their inter-
actions with peptides and proteins. Animal and human stud-
ies have demonstrated that dietary flavonoids from chocolate, 
including (-)epicatechin, promote cardiovascular health, the 
result of antioxidant and antithrombotic mechanisms. The 
consumption of dark chocolate increases blood plasma (-)
epicatechin, these effects are diminished when consumed with 
milk/milk chocolate. This indicates not only milk proteins, but 
also other dietary foods may interact/impair/reduce bioavail-
ability and the absorption of flavonoids from chocolate in vivo 
negating the potential health benefits from dark chocolate. A 
high cocoa flavanol intervention enhances dentate gyrus func-
tion, improving cognition in older adults, most likely by the 
improved vascular function of (-)-epicatechin. Fortunately 
the ubiquitous polyphenol-protein interactions also have ben-
eficial effects. The propensity of certain natural polyphenols 
to interact with Aβ42 monomers, blocks their rapid self-associ-
ation to form low molecular weight oligomers, enables poly-
phenols to function as Aβ42 inhibitors.  One of our challenges 
in designing Aβ42 inhibitors is to find the chemical ‘Polyphenol 
Lipinskinisation’ changes necessary, that is, to modify poly-
phenol structures to improve their pharmacokinetics and 
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efficacy. Aβ42 peptides misfold into soluble oligomers and pro-
tofibrils associated with AD. The mechanism of Aβ inhibition 
is driven by hydrophobic interactions that involve π-π bond-
ing between the planar faces of the polyphenol structure and 
the aromatic residues of Aβ42. Additionally, hydrogen bonding 
occurs between the peptide and the phenolic hydroxyl groups. 
The polyphenols intercede/impose between two β42-amyloid 
aromatic residues prevents their π-π stacking, blocking the 
amyloid self-assembly-β-oligomer-sheet-fibril formation 
and gain of toxic function. Herbal polyphenols are known to 
also modulate Aβ production by stimulating the α-secretase 
and inhibiting the β-site amyloid precursor protein cleaving 
enzyme-1 (BACE1), γ-protease pathways. (−)-Epicatechin, 
epigallocatechin are potent inhibitors of amyloid precursor 
protein processing (APP). Some phenolics show both, a strong 
inhibition of APP-Aβ generation and anti-amyloidogenic 
binding (Hügel and Jackson, 2012). The flavonoids quercetin 
and myricetin (Figure) inhibit BACE1 activity, dose-de-
pendently inhibit amyloid fibril formation with myricetin > 
quercetin > catechin = epicatechin. Similarly, EGCG, resvera-
trol, curcumin, oleuropein, pentagalloylglucose inhibit β-am-
yloid misfolding and aggregation by forming nontoxic com-
plexes with the peptide, they also have other benefits against 
the onset of neurodegeneration. EGCG directly interacts with 
β-sheet structures in amyloid fibrils leading to an decrease in 
the binding of Aβ to the fluorescent dye thioflavin T and pro-
motes the assembly of large, spherical oligomersintosafe spe-
cies, unable to seed fibrillogenesis; remodels Aβ mature fibrils 
into smaller, amorphous protein aggregates by direct binding 
to the β-sheet-rich aggregates and mediating a conforma-
tional change without generating potentially toxic oligomers 
(Ehrnhoefer et al., 2008). Curcumin is the main constituent of 
the spice turmeric, whose extensive use apparently accounts 
for the lower prevalence of AD in the Indian population. In 
vitro curcumin inhibits fibril formation and also destabilizes 
preformed fibrils, binds to plaques and reduces amyloid lev-
els in vivo. Curcumin and resveratrol bind to the N-terminus 
(residues 5−20) of Aβ42 monomers. Many in vitro studies have 
demonstrated the multiple potential therapeutic effects of 
resveratrol, found in herbs, red wine, but its in vivo efficacy 
is controversial. The beneficial effects of resveratrol may con-
tribute to its protective effects on cognitive function, however 
the volume of red wine to be consumed for resveratrol thera-
py is not practicable. Danshen constituents, salvianolic acid B, 
rosmarinic acid, tanshinones inhibit Aβ42, disaggregate fibrils, 
and protect cultured cells. Oleuropein in olive oilprevents-
formation of β-amyloid oligomers, and dietary oleuropein 
aglycone improves the cognitive performance of young/mid-
dle-aged mice. 

Key points
• The global population is growing, therefore also aging and de-
mentia increases in almost all parts of the world.
• Studies related to autosomal dominant AD indicate that the 
disease process begins around 20 years prior to onset of demen-
tia (Bateman et al., 2012).
• Recent research provides evidence that life style factors and 
environmental stresses that increase blood pressure may also 
increase the risk of AD through Angiotensin II-angiotensin 
type1a pathway (Liu et al., 2015).
• There is a need to generate more healthy consumer food 
products, and with public passion, encourage early adoption of 
healthy lifestyle — better diets and regular exercise as preventive 
strategies to reduce cognitive impairment.
• To explain the extended AD pathogenic process over 2 de-

cades, amyloidosis, the incremental neuronal damage caused by 
non-sequestered β-oligomers is the early pathological event and 
accumulates over time eventually resulting in neurodegenera-
tion (hypometabolism) and then widespread cognitive impair-
ment (Narayan et al., 2014; Yau et al., 2015).
• (−)-Epicatechin and other flavonoid inhibitors of BACE1 
proteolysis/cleavage of APP could be protective against early 
amyloidosis events of AD provided they are included in the diet. 
Studies suggest the efficacy of orally delivered (−)-epicatechin 
in a transgenic model of AD in reducing Aβ42 production and 
pathology via modulation of BACE1 as a risk reduction strate-
gy, supporting the positive effects of flavonoid rich diets against 
the development of cognitive impairment (Cox et al., 2015).
• The increase intake of flavonoids and polyphenols is a dietary 
preventative strategy to (a) reduce β-amyloid formation and (b) 
competitively prevent β-amyloid misfolding and toxicity against 
development of AD. A key question is: can these findings trans-
late into preventative benefit for healthy humans?
• The protective effects of flavonoid rich diets against the devel-
opment of dementia needs to be translated into clinical trials 
to directly test their efficacy in at risk individuals or those with 
mild cognitive impairment.

In conclusion, despite extensive knowledge about how diet and 
nutrition has advanced beyond understanding cellular energy 
status, diet related chronic diseases of modern society are now 
the single largest cause of death. Epidemiological investigations 
indicate that nutrition and dietary patterns are modifiable 
risk factors that can help limit and prevent chronic diseases, 
enabling the achievement of the overall objective in slowing 
human aging diseases such as AD and thereby improving the 
quality of healthspan of everyone.
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Scheme Snapshot of 
strategies to counter 
mental and physical 
human aging diseases. 
Su m m a r i l y  b o d y  a n d 
brain aging diseases and 
dysfunctions are major 
health risk factors. The 
red colors are health risks 
and potential problems to 
be minimized; peripheral 
inward green arrows, and 
black outward arrows 
represent contributions to 
wellbeing, dietary metrics 
for minimizing dietary 
related aging diseases and 
the health (Wong, 2014) 
risk factors and chronic 
problems.

Figure Structures of 
polyphenols found in 
widely consumed plant 
foods and herbs with 
cognitive enhancement 
and neurological 
protection properties 
against dementia.


