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Abstract

Individualized nutritional treatment with polyphenols has been proposed in the early stages of Alzheimer’s
disease. However, it remains unclear at what doses polyphenols and their metabolites enter the brain tissue and
whether they can act at sufcient concentrations. The present review provides useful insights into the multiple modes
of actions of selected polyphenols as potential therapeutic tools at the pre-clinical stage of Alzheimer’s disease, as
well as their ability to cross the blood-brain barrier and their detrimental efects after high dose consumptions. Several
studies proposed favonoids for their potential value in prevention and treatment of neurodegenerative diseases. The
scarcity of clinical data though highlights the need for conducting metabolomics studies and well-designed clinical
trials. Prolonged clinical trials with bioinformatics tools are needed to fully elucidate both neuroprotective efects and
possible risks from polyphenol consumption at concentrated high doses.

Keywords: Polyphenols; Alzheimer's disease; Neuroprotection; Cy-
totoxicity; Computer; Prediction; Safety

Abbreviations: 3xTg-AD: Triple Transgenic AD Mouse; AD: Al-
zheimer’s Disease; ABAD: AB-Binding Alcohol Dehydrogenase; AChE:
Acetylcholinesterase; ADME: Absorption, Distribution, Metabolism,
and Excretion; APP: Amyloid Precursor Protein; Basel: -secretase;
BDPP: Bioavailable Polyphenolic Preparation; BBB: Blood Brain Bar-
rier; BChE: Butyrylcholinesterase; BDNF: Brain Derived Neurotrophic
Factor; CAT: Catalase; CSF: Cerebrospinal Fluid; DOA: Decarboxy-
methyl Oleuropein Aglycone; EGCG: Epigallocatechin Gallate; ECG:
Epicatechin Gallate; EPIC: European Prospective Investigation into
Cancer and Nutrition; ER: Endoplasmic Reticulum; EVOO: Extra Vir-
gin Olive Oil; GDNF: Glial-Derived Neurotrophic Factor; GSH: Gluta-
thione; GSK-3: Glycogen Synthase Kinase-3; GSSG: Glutathione Disul-
phide; GSPE: Grape Seed Proanthocyanidin Extract; HMDB: Human
Metabolome Database; HT: Hydrotyrosol; IL-1p: Interleukin-1f3; INOS:
Inducible Nitric Oxide Synthase; JNK: c-Jun NH2-terminal Kinase;
MAPK: Mitogen Activated Protein Kinase; MDA: Malondialdehyde;
MIND: Mediterranean DASH Intervention for Neurodegenerative
Delay; MMP: Matrix Metalloproteinase; mPTP: mitochondrial Perme-
ability Transition Pore; NGF: Nerve Growth Factor; NF-kB: Nuclear
Factor-kappa B; NO: Nitric Oxide; Nrf2: Erythroid 2—related factor 2;
OA: Oleuropein Aglycone; PKC: Protein Kinase C; PPARGC1a: Peroxi-
some Proliferator-Activated Receptor Coactivator 1 Alpha; ppGalNAc-
Ts: polypeptide N-acetyl-a-galactosaminyltransferase; QSAR: Quanti-
tative Structure Activity Relationship; ROS: Reactive Oxygen Species;
SMILES: Simpli ed Molecular Input Line Entry System; TETs: Ten
Eleven Translocation methyl-cytosine dioxygenases; TNF-a: Tumor
Necrosis Factor alpha; TTR: Transthyretin, TEDB: Toxic Exposome

Database; T3DB: Toxin and Toxin Target Database

Introduction

e traditional Mediterranean diet and the MIND diet, a
combination of the Mediterranean and the DASH dietary regimen,
have been extensively studied as preventive non-pharmacological
tools for ameliorating symptoms of Alzheimer s disease (AD),
reducing the severity or inhibiting the disease progression. Dietary
recommendations for the prevention of AD and the maintenance of
brain health include a high consumption of polyphenol enriched foods
such as fruits, vegetables, nuts, herbs, spices and beverages including

red wine, teaand co ee [1,2].

Polyphenols are bioactive compounds that are spread in plant based
products such as oils, seeds, spices, dried legumes, fruits, vegetables,
cocoa and dark chocolate. More than 8000 are currently known in
nature and more than 4000 species have been identi ed. Polyphenol
intakes show heterogeneity in the European Prospective Investigation
into Cancer and Nutrition (EPIC) study using di erent dietary
assessment methods [3,4].

Animal studies or studies on cultured human cell lines revealed
a protective role of polyphenol consumption in diabetes, cancer,
cardiovascular diseases, osteoporosis and neurodegenerative diseases.
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» Anthocyanidins: Cyanidin, Delphinidin, Malvidin, Pelargonidin,
Peonidin

> Iso avones: Genistein, Daidzein

Literature Review
Polyphenols and blood-brain barrier permeability

Transmembrane di usion, saturable transport, adsorptive
endocytosis, and the extracellular pathways are some of the proposed
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MMPsare cysteineandserine-proteinasesthat may playanimportant
role in the AD pathogenesis and progression of human brain tumors.
Levels of MMP2 in CSF have shown a signi cant association with p-tau
and levels of MMP10 with tau and p-tau. Green tea catehinse cacy in
inhibiting Matrix Metalloproteinase (MMP)-2, MMP-9 and MMP-12
activities was assessed using substrate gel zymography combined with
electrophoresis technique and uorometric assays. e activities of
MMP-2 and MMP-9 were signi cantly suppressed by Epigallocatechin
Gallate (EGCG) and Epicatechin Gallate (ECG) [34-36].

Resveratrol: Major biological properties of resveratrol (3, 4,
5-trihydroxystilbene)  include antioxidant, anti-in ammatory,
neuroprotective, cardioprotective and anticancer mechanisms.
Resveratrol (RV) found predominantly in grape skins and red wine,
show protection from neurodegenerative diseases such as Alzheimer’s
disease, through antioxidant activity and by stimulating the proteins
SIRT1land AMPK leading to AR aggregation clearance. Sirtuinl is a
NAD+-dependent histone deacylase demonstrating neuroprotection
against AD. Furthermore, in Huntington’s disease models, resveratrol
regulates the expression of FOXO proteins, promoting neuronal
survival. Resveratrol (30 mg/kg/day for 8 weeks)-induced Sirtl
activation reduced phosphorylated tau levels in the hippocampus
region, as indicated in a rat AD model. A er a 52-week treatment with
resveratrol, a decline of proin ammatory cytokines such as IL-IR4, IL-
12P40, IL-12P70, TNF-a and chemokines has been observed. Finally,
resveratrol reduced the activity of the Glycogen Synthase Kinase-3
(GSK3B), inhibited Endoplasmic Reticulum (ER) stress in the mice
hippocampus, reduced APP expression and involved in the regulation
of synaptic plasticity, programmed cell death and cell survival [37-40].

Luteolin: Luteolin is a plant avonoid found in celery, chamomile,
olive oail, carrots, spinach, oregano and rosemary. Luteolin, and
genistein enhanced the secretion of neurotrophic factors, including
Nerve Growth Factor (NGF), Glial Derived Neurotrophic Factor
(GDNF), and Brain Derived Neurotrophic Factor (BDNF) in cultured
rat astrocytes.  ese neurotrophic factors are promoters of neuronal
survival, neurogenesis and synaptic plasticity. Luteolin also reduced
the amyloid production through inhibition of polypeptide N-acetyl-o-
Galactosaminyl Transferase ( ppGalNAc-Ts) isoforms in vitro and in
cells.  ese enzymes initiate the process of O-GalNAc glycosylation of
APP leading to AD pathogenesis [41-43].

Myricetin: Myricetin (3,5,7,3',4',5'-hexahydroxy avonol) has been
indicated as a potent therapeutic avonoid in many diseases including
in ammatory diseases, atherosclerosis, cerebral ischemia, diabetes
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Summary of major polyphenolic compounds with their dietary
sources, proposed neuroprotective activities, potential toxicity and
BBB permeation. Adapted from http://phenol-explorer.eu/, http://ctf.
iitrindia.org/toxdpp/, https://tox-new.charite.de/protox_I1/. LD50,
Lethal Dose, the amount of a chemical which causes the death of 50% of
a population of test animals via oral, dermal, inhalation or intravenous;
ToxDP2 Database, Toxicity Prediction of Dietary Polyphenols, ProTox-
11, prediction of toxicity of chemicals.

Pro-oxidant activity and toxicity of polyphenolic compounds

Polyphenols oxidize in cell culture media producing a range of free

radicals including O,»—H,0,, semiquinones and quinones with potential
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