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Abbreviations: 3xTg-AD: Triple Transgenic AD Mouse; AD: Al-
zheimer’s Disease; ABAD: Aβ-Binding Alcohol Dehydrogenase; AChE: 
Acetylcholinesterase; ADME: Absorption, Distribution, Metabolism, 
and Excretion; APP: Amyloid Precursor Protein; Base1: β-secretase; 
BDPP: Bioavailable Polyphenolic Preparation; BBΒ: 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-1β: Interleukin-1β; 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; PPARGC1α: Peroxi-
some Proliferator-Activated Receptor Coactivator 1 Alpha; ppGalNAc-
Ts: polypeptide N-acetyl-α-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 
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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 sufficient 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 effects after high dose consumptions. Several 
studies proposed flavonoids 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 effects and 
possible risks from polyphenol consumption at concentrated high doses.

red wine, tea and 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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MMPs are cysteine and serine-proteinases that may play an important 
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 catehins’e�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 
SIRT1and AMPK leading to Aβ aggregation clearance. Sirtuin1 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 Sirt1 
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-α 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 oil, 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-α-
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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Caffeic acid 
C9H8O4

Whole grain flour, sunflower seed, 
Black chokeberry, date, prune juice, 

dried oregano, thyme, sage,
rosemary, spices

(Ceylan Cinnamon, cymin, ginger)
 

 Inhibition of AChE activity and 
nitrite synthesis;

Suppression of oxidative 
stress;

Suppression of
inflammation 
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Naringenin
C15H12O5

Orange, Mexican oregano, grapefruit 
juice

 Suppression of 
neuroinflammation;

Inhibition of AChe activity in a 
dose-dependent manner

Hepatotoxicity,
carcinogenicity,

non mutagenicity 
reported (ToxDP2 

Database)
Predicted LD50: 2000 

mg/kg
Predicted Toxicity Class: 

4(ProTox-II)

Low

Myricetin
C15H10O8

Chinese, bayberry, tea, wine, kale, 
berries,

oranges, tomatoes, honey

 
Inhibition of BACE1 activity; 

Enhancement of BDNF 
expression

Inhibition of BACE1 
activity; 

Enhancement of BDNF 
expression

Undefined

Cinnamaldehyde
C9H8O

 Cinnamomum plant
 Autophagy and αβ amyloid 

deposition clearance;
Destabilization of the whole 

amyloid fibril 

Predicted LD50: 500 
mg/kg

Predicted Toxicity Class: 
4(ProTox-II)

No available data

Oleuropein aglycone (OA)
C19H22O8

Extra virgin olive oil, black olives

Autophagy and αβ amyloid 
deposition clearance;

Destabilization of the whole 
amyloid fibril 

Predicted LD50: 500 
mg/kg

Predicted Toxicity Class: 
4(ProTox-II)

No available data

Hydroxytyrosol 
C8H10O3

Extra virgin olive oil, olives, wine

 Inhibition of tau aggregation ;
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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_II/. 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-
II, 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 O2•–H2O2, semiquinones and quinones with potential 

https://link.springer.com/article/10.14283/jpad.2019.28
https://link.springer.com/article/10.14283/jpad.2019.28
https://link.springer.com/article/10.14283/jpad.2019.28
https://www.sciencedirect.com/science/article/pii/S1551714421000069?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1551714421000069?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1551714421000069?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1551714421000069?via%3Dihub


Page 8 of 9

https://www.hindawi.com/journals/omcl/2009/897484/
https://www.hindawi.com/journals/omcl/2009/897484/
https://link.springer.com/article/10.1007/s00394-015-0950-x
https://link.springer.com/article/10.1007/s00394-015-0950-x
https://link.springer.com/article/10.1007/s00394-015-0950-x
https://www.tandfonline.com/doi/abs/10.1080/1040869059096
https://www.tandfonline.com/doi/abs/10.1080/1040869059096
https://www.sciencedirect.com/science/article/abs/pii/S0361923011003406?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0361923011003406?via%3Dihub
https://www.eurekaselect.com/article/86777
https://www.eurekaselect.com/article/86777
https://bmcneurol.biomedcentral.com/articles/10.1186/1471-2377-9-S1-S3
https://www.sciencedirect.com/science/article/abs/pii/S0891584909004493?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0891584909004493?via%3Dihub
https://www.mdpi.com/2072-6643/12/5/1531
https://www.mdpi.com/2072-6643/12/5/1531
https://onlinelibrary.wiley.com/doi/10.1002/mnfr.201600332
https://onlinelibrary.wiley.com/doi/10.1002/mnfr.201600332
https://www.liebertpub.com/doi/10.1089/jmf.2009.0157
https://www.liebertpub.com/doi/10.1089/jmf.2009.0157
https://www.liebertpub.com/doi/10.1089/jmf.2009.0157
https://www.sciencedirect.com/science/article/pii/S0197018621000929?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0197018621000929?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0163725801001371?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0163725801001371?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S002839081500043X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S002839081500043X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S002839081500043X?via%3Dihub
https://n.neurology.org/content/94/16/e1749
https://n.neurology.org/content/94/16/e1749
https://journals.biologists.com/bio/article/7/10/bio035196/1414/Epigenetic-modifications-by-polyphenolic-compounds
https://journals.biologists.com/bio/article/7/10/bio035196/1414/Epigenetic-modifications-by-polyphenolic-compounds
https://journals.biologists.com/bio/article/7/10/bio035196/1414/Epigenetic-modifications-by-polyphenolic-compounds
https://onlinelibrary.wiley.com/doi/10.1111/jnc.15234
https://onlinelibrary.wiley.com/doi/10.1111/jnc.15234
https://onlinelibrary.wiley.com/doi/10.1111/jnc.15234
https://iubmb.onlinelibrary.wiley.com/doi/10.1002/biof.5520270121
https://iubmb.onlinelibrary.wiley.com/doi/10.1002/biof.5520270121
https://iubmb.onlinelibrary.wiley.com/doi/10.1002/biof.5520270121
https://www.tandfonline.com/doi/abs/10.1080/1028415X.2019.1673527?journalCode=ynns20
https://www.tandfonline.com/doi/abs/10.1080/1028415X.2019.1673527?journalCode=ynns20
https://www.tandfonline.com/doi/abs/10.1080/1028415X.2019.1673527?journalCode=ynns20
https://pubs.acs.org/doi/10.1021/jf061538c
https://pubs.acs.org/doi/10.1021/jf061538c
https://www.sciencedirect.com/science/article/abs/pii/S0031942212001069?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0031942212001069?via%3Dihub
https://pubs.acs.org/doi/10.1021/acs.jafc.6b01237
https://pubs.acs.org/doi/10.1021/acs.jafc.6b01237
https://www.sciencedirect.com/science/article/abs/pii/S0141813017309674?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0141813017309674?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0141813017309674?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S002839081500043X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S002839081500043X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S002839081500043X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0024320510000032?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0024320510000032?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304383512003060?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304383512003060?via%3Dihub
https://pubs.acs.org/doi/10.1021/ja3115696
https://pubs.acs.org/doi/10.1021/ja3115696
https://pubs.acs.org/doi/10.1021/acschemneuro.0c00381
https://pubs.acs.org/doi/10.1021/acschemneuro.0c00381
https://pubs.acs.org/doi/10.1021/acschemneuro.0c00381
https://www.nature.com/articles/s41598-020-69429-6
https://febs.onlinelibrary.wiley.com/doi/full/10.1016/j.febslet.2009.10.062
https://febs.onlinelibrary.wiley.com/doi/full/10.1016/j.febslet.2009.10.062
https://www.semanticscholar.org/paper/Proteases-and-their-inhibitors-in-human-brain-a-Rooprai-McCormick/90dd0a1fedbf96031924bcc27cd49221e46eeb02
https://www.semanticscholar.org/paper/Proteases-and-their-inhibitors-in-human-brain-a-Rooprai-McCormick/90dd0a1fedbf96031924bcc27cd49221e46eeb02
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad143186
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad143186
https://www.sciencedirect.com/science/article/abs/pii/S0167483800000091?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0167483800000091?via%3Dihub
https://www.hindawi.com/journals/bmri/2014/350516/
https://www.hindawi.com/journals/bmri/2014/350516/
https://onlinelibrary.wiley.com/doi/10.1111/j.1460-9568.2012.08229.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1460-9568.2012.08229.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1460-9568.2012.08229.x
https://onlinelibrary.wiley.com/doi/10.1002/ptr.7192
https://onlinelibrary.wiley.com/doi/10.1002/ptr.7192
https://www.hindawi.com/journals/ecam/2013/127075/
https://www.hindawi.com/journals/ecam/2013/127075/
https://www.hindawi.com/journals/ecam/2013/127075/
https://www.epain.org/journal/view.html?doi=10.3344/kjp.2020.33.1.1
https://www.epain.org/journal/view.html?doi=10.3344/kjp.2020.33.1.1
https://www.jbc.org/article/S0021-9258(20)60541-5/fulltext
https://www.jbc.org/article/S0021-9258(20)60541-5/fulltext
https://www.jbc.org/article/S0021-9258(20)60541-5/fulltext
https://www.sciencedirect.com/science/article/pii/S0753332220312099?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0753332220312099?via%3Dihub
https://journals.lww.com/neuroreport/Abstract/2016/06300/Protective_effects_of_myricetin_on_chronic.5.aspx
https://journals.lww.com/neuroreport/Abstract/2016/06300/Protective_effects_of_myricetin_on_chronic.5.aspx
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/a-1019-9819
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/a-1019-9819
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/a-1019-9819
https://www.openaccessjournals.com/articles/pharmacological-properties-of-rutin-and-its-potential-uses-for-alzheimers-disease.pdf
https://www.openaccessjournals.com/articles/pharmacological-properties-of-rutin-and-its-potential-uses-for-alzheimers-disease.pdf


Page 9 of 9

Citation: Kalli E, Panayiotis V (2022) Dietary Polyphenols as Potential Therapeutics in Alzheimer’s Disease: Pleiotropic Effects and Toxicity Prediction 
Models. J Alzheimers Dis Parkinsonism 12: 541.

ISSN: 2161-0460

J Alzheimers Dis Parkinsonism 2022, 12:03
ISSN: 2161-0460

Volume 12 • Issue 3 • 1000541

48. Sun XY, Li LJ, Dong QX, Zhu J, Huang YR, et al. (2021) Rutin prevents tau 
pathology and neuroinflammation in a mouse model of Alzheimer’s disease. J 
Neuroinflammation 18: 1-14.

49. Van Dam RM, Dekker JM, Nijpels G, Stehouwer CDA, Bouter LM, et al. (2004) 
Coffee consumption and incidence of impaired fasting glucose, impaired glucose 
tolerance, and type 2 diabetes: the Hoorn Study. Diabetologia 47: 2152-2159.

50. Kim B, Nam Y, Kim J, Choi H, Won C (2012) Coffee consumption and stroke risk: A 
meta-analysis of epidemiologic studies. Korean J Fam Med 33: 356.

51. Socała K, Szopa A, Serefko A, Poleszak E, Wlaź P (2020) Neuroprotective effects 
of coffee bioactive compounds: a review. Int J Mol Sci 22: 107.

52. Rusanen M, Kivipelto M, Levälahti E, Laatikainen T, Tuomilehto J et al. (2014) Heart 
diseases and long-term risk of dementia and Alzheimer’s disease: a population-
based CAIDE study. J Alzheimers Dis 42: 183-191.

53. Andrade S, Loureiro JA, Pereira MC (2021) Caffeic acid for the prevention and 
treatment of Alzheimer’s disease: The effect of lipid membranes on the inhibition of 
aggregation and disruption of Aβ fibrils. Int J Biol Macromol 190: 853-861.

54. Wang Y, Wang Y, Li J, Hua L, Han B, et al. (2016) Effects of caffeic acid on learning 
deficits in a model of Alzheimer’s disease. Int J Mol Med 38: 869-875.

55. Olthof  MR, Hollman PC, Buijsman MN, Van Amelsvoort JM, Katan MB (2003) 
Chlorogenic acid, quercetin-3-rutinoside and black tea phenols are extensively 
metabolized in humans. J nutr 133: 1806-1814.

56. Bai G, Wang Y, Kuja-Halkola R, Li X, Tomata Y, et al. (2021) Frailty and the risk 
of dementia: The association explained by shared environmental and genetic 
factors? BMC medicine 19: 1-12.

57. Kwon SH, Lee HK, Kim JA, Hong SI, Kim HC, et al. (2010) Neuroprotective effects 
of chlorogenic acid on scopolamine-induced amnesia via anti-acetylcholinesterase 
and anti-oxidative activities in mice. Eur J Pharmacol 649: 210-217.

58. Nazir N, Zahoor M, Nisar M, Karim N, Latif A, et al. (2020) Evaluation of 
neuroprotective and anti-amnesic effects of Elaeagnus umbellata Thunb. On 
scopolamine-induced memory impairment in mice. BMC Complement Med Ther 
20: 1-17.

59. Kola A, Hecel A, Lamponi S, Valensin D (2020) Novel perspective on Alzheimer’s 
disease treatment: Rosmarinic acid molecular interplay with copper (II) and 
amyloid β. Life 10: 118.

60. Noguchi-Shinohara M, Ono K, Hamaguchi T, Nagai T, Kobayashi S, et al. (2020) 
Safety and efficacy of Melissa officinalis extract containing rosmarinic acid in the 
prevention of Alzheimer’s disease progression. Sci rep 10: 1-10.

61. Peterson DW, George RC, Scaramozzino F, LaPointe NE, Anderson RA, et al.  
(2009) Cinnamon extract inhibits tau aggregation associated with Alzheimer’s 
disease in vitro. J Alzheimers Dis 17: 585-597.

62. Kim DH, Kim CH, Kim MS, Kim JY, Jung KJ, et al. (2007) Suppression of age-
related inflammatory NF-κB activation by cinnamaldehyde. Biogerontology 8: 545-
554.

63. Chao LK, Hua KF, Hsu HY, Cheng SS, Lin IF, et al. (2008) Cinnamaldehyde inhibits 
pro-inflammatory cytokines secretion from monocytes/macrophages through 
suppression of intracellular signaling. Food Chem Toxicol 46: 220-231.

64. Heo HJ. Kim MJ, Lee JM, Choi SJ, Cho HY, et al. (2004) Naringenin from Citrus 
junos has an inhibitory effect on acetylcholinesterase and a mitigating effect on 
amnesia. Dement Geriatr Cogn Disord 17: 151-157.

65. Ghofrani S, Joghataei MT, Mohseni S, Baluchnejadmojarad T, Bagheri M, et al. 
(2015) Naringenin improves learning and memory in an Alzheimer’s disease rat 
model: Insights into the underlying mechanisms. Eur J Pharmacol 764: 195-201.

66. Wu LH, Lin C, Lin HY, Liu YS, Wu CYJ, et al. (2016) Naringenin suppresses 
neuroinflammatory responses through inducing suppressor of cytokine signaling 
3 expression. Mol Neurobiol 53: 1080-1091.

67. Daccache A, Lion C, Sibille N, Gerard M, Slomianny C, et al. (2011) Oleuropein and 
derivatives from olives as Tau aggregation inhibitors. Neurochem Int 58: 700-707.

68. Luceri C, Bigagli E, Pitozzi V, Giovannelli L (2017) A nutrigenomics approach for the 
study of anti-aging interventions: olive oil phenols and the modulation of gene and 
microRNA expression profiles in mouse brain. Eur J Nutr 56: 865-877.

69. Zhu L, Liu Z, Feng Z, Hao J, Shen W, et al. (2010) Hydroxytyrosol protects against 

https://jneuroinflammation.biomedcentral.com/articles/10.1186/s12974-021-02182-3
https://jneuroinflammation.biomedcentral.com/articles/10.1186/s12974-021-02182-3
https://link.springer.com/article/10.1007/s00125-004-1573-6
https://link.springer.com/article/10.1007/s00125-004-1573-6
https://www.researchgate.net/publication/233984880_Coffee_Consumption_and_Stroke_Risk_A_Meta-analysis_of_Epidemiologic_Studies
https://www.researchgate.net/publication/233984880_Coffee_Consumption_and_Stroke_Risk_A_Meta-analysis_of_Epidemiologic_Studies
https://www.mdpi.com/1422-0067/22/1/107
https://www.mdpi.com/1422-0067/22/1/107
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad132363
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad132363
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad132363
https://www.sciencedirect.com/science/article/abs/pii/S0141813021018717?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0141813021018717?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0141813021018717?via%3Dihub
https://www.spandidos-publications.com/10.3892/ijmm.2016.2683
https://www.spandidos-publications.com/10.3892/ijmm.2016.2683
https://academic.oup.com/jn/article/133/6/1806/4688124?login=false
https://academic.oup.com/jn/article/133/6/1806/4688124?login=false
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-021-02104-3#:~:text=Conclusion,adulthood%20and%20into%20old%20age.
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-021-02104-3#:~:text=Conclusion,adulthood%20and%20into%20old%20age.
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-021-02104-3#:~:text=Conclusion,adulthood%20and%20into%20old%20age.
https://www.sciencedirect.com/science/article/abs/pii/S0014299910008794?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0014299910008794?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0014299910008794?via%3Dihub
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/s12906-020-02942-3
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/s12906-020-02942-3
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/s12906-020-02942-3
https://www.mdpi.com/2075-1729/10/7/118
https://www.mdpi.com/2075-1729/10/7/118
https://www.mdpi.com/2075-1729/10/7/118
https://www.nature.com/articles/s41598-020-73729-2
https://www.nature.com/articles/s41598-020-73729-2
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad01083
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad01083
https://link.springer.com/article/10.1007/s10522-007-9098-2
https://link.springer.com/article/10.1007/s10522-007-9098-2
https://www.sciencedirect.com/science/article/abs/pii/S0278691507002797?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0278691507002797?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0278691507002797?via%3Dihub
https://www.karger.com/Article/Abstract/76349
https://www.karger.com/Article/Abstract/76349
https://www.karger.com/Article/Abstract/76349
https://www.sciencedirect.com/science/article/abs/pii/S0014299915301291?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0014299915301291?via%3Dihub
https://link.springer.com/article/10.1007/s12035-014-9042-9
https://link.springer.com/article/10.1007/s12035-014-9042-9
https://link.springer.com/article/10.1007/s12035-014-9042-9
https://www.sciencedirect.com/science/article/abs/pii/S0197018611000702?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0197018611000702?via%3Dihub
https://link.springer.com/article/10.1007/s00394-015-1134-4
https://link.springer.com/article/10.1007/s00394-015-1134-4
https://link.springer.com/article/10.1007/s00394-015-1134-4
https://www.sciencedirect.com/science/article/abs/pii/S095528630900206X?via%3Dih
https://www.sciencedirect.com/science/article/abs/pii/S095528630900206X?via%3Dih
https://www.sciencedirect.com/science/article/abs/pii/S095528630900206X?via%3Dih
https://www.tandfonline.com/doi/abs/10.1080/1028415X.2020.1829344?journalCode=ynns20
https://www.tandfonline.com/doi/abs/10.1080/1028415X.2020.1829344?journalCode=ynns20
https://www.sciencedirect.com/science/article/abs/pii/S0378434798002047?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378434798002047?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378434798002047?via%3Dihub
https://www.jimmunol.org/content/174/12/8116
https://www.jimmunol.org/content/174/12/8116
https://www.jimmunol.org/content/174/12/8116
https://link.springer.com/article/10.1007/s10522-006-6495-x
https://link.springer.com/article/10.1007/s10522-006-6495-x
https://www.sciencedirect.com/science/article/abs/pii/S0024320509004627?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0024320509004627?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0024320509004627?via%3Dihub
https://www.liebertpub.com/doi/10.1089/jmf.2013.2965
https://www.liebertpub.com/doi/10.1089/jmf.2013.2965
https://www.liebertpub.com/doi/10.1089/jmf.2013.2965
https://www.liebertpub.com/doi/10.1089/jmf.2013.2965
https://www.sciencedirect.com/science/article/abs/pii/S0003986108000489?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0003986108000489?via%3Dihub
https://link.springer.com/article/10.1385/CT:3:4:331
https://link.springer.com/article/10.1385/CT:3:4:331
https://www.sciencedirect.com/science/article/abs/pii/0006295289904425?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0006295289904425?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0278691515300089?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0278691515300089?via%3Dihub
https://www.frontiersin.org/articles/10.3389/fonc.2019.00541/full
https://www.frontiersin.org/articles/10.3389/fonc.2019.00541/full
https://www.researchgate.net/publication/26548440_Dietary_Polyphenols_and_Their_Biological_Significance
https://www.sciencedirect.com/science/article/pii/S2214750019306596?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214750019306596?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0273230017300028?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0273230017300028?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0300483X02001981?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0300483X02001981?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0300483X02001981?via%3Dihub
https://academic.oup.com/nar/article/43/D1/D928/2435303?login=false
https://academic.oup.com/nar/article/43/D1/D928/2435303?login=false
https://academic.oup.com/nar/article/46/W1/W257/4990033
https://academic.oup.com/nar/article/46/W1/W257/4990033

