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Overview of links between lifestyle interventions on cognition and healthy brain function during ageing.
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functional components on telomere length dynamics e
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Professor Antonia Tricho-
poulou, MD, PhD is Director
of the World Health Organiza-
fion Collaborating Center for
Nutrition at the Depariment of
Hygiene and Epidemiology,
School of Medicine, University
of Athens, Greece. She has
served as President of the
Federation of the European
Nutrition Societies and has
received numerous honors
and awards concerning the
' health effects of the Mediter-
ranean diet. In 2003 she was decorated by the President of
the Greek Republic with the Golden Cross of Honor.
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Olive oil and longevity

Antonia Trichopoulou and Vardis Dilis

Department of Hygieoe and Epidemiology, University of Athens Medical School, Athens, Greece

Several lines of evadence point 10 olive oil and the olive oil-centered Mediterranean diet as conducive
10 longevity. The evidence stems from ecological, as well as anilytic epdemiological studies assess-
ing olive oil, monounsaturated lipids or the Meditermanean dictary pattern in relation to the incidence
of, or mortality from, major common discases. or overall mortality, Mechanistic considerations are
addressed by biochemical studies, whereus randomized clinical trials provide fusther support o the
evidence generated from observational mvestigations. The content of olive oil in several microcompo-
neats with antioxidam potential, as well os its high content in monounsaturated lipids appear to be
essential for the beneficil effect of this tood
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Effects of Olive Oil on Blood Pressure:

Epidemiological, Clinical, and Mechanistic Evidence
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Nutrition, Metabolism and Cardiovascular Diseases, 2018

Olive oil and prevention of chronic diseases: Summary of an International conference
F. Visioli et al

HEALTH BENEFITS OF OLIVE OIL

Olive ol is one of the most important features of the Mediterranean diet, replacing the saturated fats that are common in other

diets by healthier monounsaturated fat.
Although more research is needed, evidence shows that olive oil consumption improves risk factors for a multitude of diseases.

Epidemiological studies show thata Studies all over the world correlate Mediterransan
heaalthier fat intake (from olive oll dier adherence and olive il consumprion with
rather than less incidence of Alzheimer’s disease,

tree nuts, avocado, etc), iz
a lower fat intake, reduces risk dementia, and cogninve impairment

of cardiovascular diseaces

PREDIMED study: 62% risk reduction in
breast cancer for postmonopausal women
wha consumod e:mrn-wryn Stk o, Evidence suggests olive oil consumption

- contributes to weight control, thus
" ' redieing obesity, which is one of the

less strongast risk factors for type 2 diabetes.
*’ | ris ¥

Access to and affordability of healthy

food is vital to follow a Mediterranean

digtary pattern, Olive il as a fundarmental

camponent of the Mediterranean Dist.

should ba avallable in retul stores ¥ I

along with fresh fruics and ’ /
-

vegetbles.
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Olive oil nutraceutical

[ Olive oil bioactives ]

|

I Major components (~ 98%) ]

I Minor components (= 2%) I
L

— [
| Fatty acids I
Phenolic compounds
MLEA (%) [ Squatene | [ | a-tocopherol
Oleic acid (55.53) Carotenoids
Palmitoleic acsd (0.3.3.3)
Heptadeamolc ackd (0-0.3) ] Luteolin
Bichemacaad D-04) [ Simple phenols ] [ Secoiridoids ] [ Anthocyanins I Quercetin
PUFA (%)
Linoleic acid (3.5-21)
a-linolenic acd (040.9)
SFA (%) Tyrosol Oleuropein A@oxypmtsmol
Miristic acid (0-003) Hydroxytyrosol Oleocanthal Pinoresinol
Paltic acid (7 7-20) Ligstroside
Margaric acid (0.0.3)
Stearic ackd (0.5-5)
Arachidic acid (0-0.6)
Behenic acd (0-0.2)
Lignocenic actd (0:0.2)
o/ 0
Ho. NH,
oH /\,/" >
T Y
Fhanolz Amino Acide Sterois Fhosphotpids
. r r ’
OH hon
o, O
0 on
Tuleepenic Acsds Volaties Hydrocarbons Sugars
> v >
A
\L \ ') \.\, HO OH ol
\ \ N/ | Y - N =
0 ! A/ 0 OH
YL A
Pgmaents y Tocopharols ) Fatty Acids Aphatic & Aromatic Alcohols




Consumption of olive oil polyphenols helps protect

blood lipids against oxidative stress. %? peny S

~.efsam

European Food Safety Authority

The European Food Safety Agency (ELSA) has issued a positive
opinion on the use of a Health Claim for olive polyphenols: "Scientific
Opinion on the substantiation of health claims related to polyphenols

in olive and protection of LDL particles from oxidative damage." EFSA
Journal 2011;9(4):2033, which indicates that the panel concludes 0
that there is a relationship of cause and effect between the .
consumption of olive polyphenols (mainly hydroxytyrosol and its
derivatives) and the protection of the cholesterol LDL particles from
oxidative damage.
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Structure of common phytochemicals

Flavonols “\l’ quercetin
Flavonoids

> Flavanones ’( e hesperidin
o~ —
o - Isoflavones S daidzein

Phenolic compounds — L,
epicatechin
Anthocyanins * cyanidin

Flavan-3-ols K epicatechin gallate

Phenolic acids
Terpenoids i Q - Benzoic acids ’\ /—\-\(- ellagic acid
mids lycopene gé llic ;c,. d Hydroxycinnamic acids «v o —_—
Volatile terpenouds Lignans

0—, - o
—O~««-< limonene 5 . {}— -{}-» secoisolariciresinol .
wid o=

Nitrogen-containing compounds
hl
Alkaloids \)\k/[ ) caffeine
LT e .
s s
Isothiocyanates ,°_~_~, ‘ ‘
rl

sulfforaphane

Stilbenes .
{ﬂ\":, resveratrol - e

Sulfur-containing compounds

o

/\/E\.e,/\/ wicin Ol Food Funct., 2019, 10, 514-528 © The Royal Society of Chemistry



Major pathways activated by polyphenols
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Trends in Endocrinology & Metabolism 2020 Celljress
Polyphenols as Caloric Restriction Mimetics

Regulating Mitochondrial Biogenesis P .
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Key Players Involved in Mitochondrial Biogenesis.

Mitophagy Regulation by Polyphenols.
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Caloric Restriction Mimetics in Nutrition and Clinical Trials
Hofer SJ, Davinelli S, Bergmann M, Scapagnini G and Madeo F.

Healthy diets Aging and Westernized Diets
» Rich in plant-based food, low in processed meat * Increased cardiovascular disease risk
* No overconsumption of calories * Obesity
* Low consumption of sugars, salts and alcohol —| « Chronic inflammation

+ Potential elevated intake of CRMs

_ « Chronic respiratory diseases
« Systemic health benefits

o * Increased cancer incidence
S ot s | | || Sttassaea /i : * Increased risk for neurological and neurodegenerative diseases

Obesity + systemic
disease burdens

P & 8 a

Respiratory
Cancer Inflammation diseases

Healthy diet plans stand opposite to Westernized Diets and counteract age-associated deteriorations.
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The Relationship Between Urinary Total
Polyphenols and the Frailty Phenotype in a
Community-Dwelling Older Population: The
INCHIANTI Study

Mireia Urpi-Sarda,'? Cristina Andres-Lacueva,'? Montserrat Rabassa,'?
Carmelinda Ruggiero,’ Raul Zamora-Ros,* Stefania Bandinelli,®
Luigi Ferrucci,’ and Antonio Cherubini’

The Journal of Nutrition (*
Nutritional Epidemiology ASN J. Nutr. 143: 1445-1450, 2013
v

High Concentrations of a Urinary Biomarker

of Polyphenol Intake Are Associated with
Decreased Mortality in Older Adults'?

Raunl E::.ll:u:lra-F".l.l-:n:,l'_q Mlomaisermit H.ahuhn,'l Antomo Cherubing,’™* Miceia l]r'pi.—.'i:le;L:
Stefania Bandinelli,” Luigi Ferrucci,” and Cristina Andres-Lacueva®




JAGS  63:938-946, 2015

Low Levels of a Urinary Biomarker of Dietary Polyphenol Are
Associated with Substantial Cognitive Decline over a 3-Year
Period in Older Adults: The Invecchiare in Chianti Study

Montserrat Rabassa, MSc,* Antonio Cherubini, MD, PhD.,” R‘aul Zamora-Ros, PhD,’
Mireia Urpi-Sarda, DPharm, PhD,* Stefania Bandinelli, MD,* Luigi Ferrucci, MD, PhD,' and
Cristina Andres-Lacueva, DPharm, PhD *
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Change in HOC (whole) Change in LVV (whole)
The effect of a high-polyphenol Mediterranean diet (Green-MED) °-°-]-F -
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combined with physical activity on age-related brain atrophy: the
Dietary Intervention Randomized Controlled Trial Polyphenols
Unprocessed Study (DIRECT PLUS)

b

A from baseline ,% of change

A from baseline,% of change
L L
wm o
1 L

b
o

\ - .
43 .
2 4 X Wolffia globosa
. 5 | .
5 e o1 (Mankai)
% | bv ’
- ul
» r\ﬁ
=
g woe Mankai
8 0 w: I o 17 o 17
{ : |
= s e S
R o] = 2 ®: ol
=057 g 15 g g Parend = 0.0
é ; -2 — 1 g E -2 P« 0,043
- & Putrend = 0.0 2 & —
= > o B =] g
2n [ é§ L ——
" N "
- \.)" \o‘" °°¢ 0‘*’ 969 a‘*’
q{ T & &P v
Ago<S0y Ago: S0y ¢ & & \,6‘\ > &
N 05\ Ny &
& % ¥




y THE JOURNAL OF .
jéé BIOLOGICAL CHEMISTRY CURCUMIN: THE INDIAN SOLID GOLD

T Joussar oF Brocooicas Crovesmiy Vol 270, No. 42, Issue of October 20, pp. Z4906-25000, 1996
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Activation of Transcription Factor NF-«kB Is Suppressed by
Curcumin (Diferulolylmethane)*

(Received for publication, July 13, 1995, and in revised form, August 11, 1995)

Sanjaya Singh and Bharat B. Aggarwalz

From the Cytokine Research Laboratiry, Department of Mplecular Oncalagy, The University of Texas M. ID. Anderson
Cancer Center, Houston, Texas 77030
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Antioxid Redox Signal. 2006 Mar-Apr;8(3-4):395-403

Curcumin activates defensive genes and protects neurons against
oxidative stress.

Scapagnini G, Colombrita C, Amadio M, D'Agata V, Arcelli E, Sapienza M,

Quattrone A, Calabrese V.
- e ™ i

CURCUMIN

Curcumin powder

Effect of curcumin and SNAP on HO-1 protein expression in astrocytes

Effect of curcumin on glucose oxidase (GOX) mediated cellular
injury in cortical neurons

Cell viability
(% control)

Control Curcumin 30 M (6h)

SNAP 0.5 mM (6h) Negative control



multifunctional roles
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Modulation of Nrf2/ARE pathway by food polyphenols: a nutritional
neuroprotective strategy for cognitive and neurodegenerative
disorders.

Scapagnini G, Vasto S, Abraham NG, Caruso C, Zella D, Galvano F.
Mol Neurobiol. 2011 Oct;44(2):192-201.

Reocived: 30 November 2010 / Acoepted: 4 Apnl 2011
L7 Springer Science+Business Media, LLC 2011

Abstract Inrecent years, there has been a growing interest,
supported by a large number of experimental and epidemi-
ological studies, for the beneficial effects of some phenolic
substances, contained in commonly used spices and herbs,
in preventing vanous age-related pathologic conditions,
ranging from cancer fo neurodegenerative diseases.
Although the exact mechanisms by which polyphenols
promote these effects remain to be elucidated, several
reports have shown their ability to stimulate a general
xenobiotic response in the target cells, activating multiple
defense genes. Data from our and other laboratories have
previously demonstrated that curcumin, the yellow pigment
of curry, strongly induces heme-oxygenase-1 (HO-1)
expression and activity in different brain cells via the

(. Scapagnini (5)

Deparment of Health Sciences, University of Molise,
Campobasso, Italy

c-mail: gscapag@gmail.com

activation of heterodimers of NF-E2-related factors 2
(Nrf2)antioxidant responsive element (ARE) pathway.
Many studies clearly demonstrate that activation ofNrf2
target genes, and particularly HO-1, mn astrocytes and
neurons s strongly protective against inflammation, oxida-
tive damage, and cell death. In the central nervous system,
the HO system has been reported to be very active, and its
modulation seems to play a crucial role in the pathogenesis
of neurodegenerative disorders. Recent and unpublished
data from our group revealed that low concentrations of
epigallocatechin-3-gallate, the major green tea catechin,
induces HO-1 by ARE/Nrf2 pathway in hippocampal
neurons, and by this induction, it is able to protect neurons
against different models of oxidative damages. Further-
more, we have demonstrated that other phenolics, such as
caffeic acid phenethyl ester and ethyl ferulate, are also able
to protect neurons via HO-1 induction. These studies
identify a novel class of compounds that could be used
for therapeutic purposes as preventive agents agamst
cogmtive decline.

HO

H

Fig. 1 The chemical structurcs of curcumin (&), CAPE (b), EFE (e},
(—-ECGOG (d)
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Curcumin Inhibits Formation of Amyloid g Oligomers and Fibrils,
Binds Plaques, and Reduces Amyloid in Vivo*

Fusheng Yang!$, Giselle P. Lim{§, Aynun N. Begum?$, Oliver J. Ubedai$, Mychica R, Simmons?§,
Surendra S, Ambegaokarts, Pingping Chenit, Rakez Kayedy, Charles G. Glabes,

Salley A. Frautschyi$, and Gregory M. Coleis ™"

No Cuare. Diet Cure. Diet
FnCty Fal 1y

Curc. Diet + Cure. inj Curc. Diet +C0¢¢. inj
EnCix Hippo

Curcumin crosses the blood-brain barrier and binds
to plaques in vivo in Tg2576 mice
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Curcumin inhibits formation of AB oligomers.



Am J Geriatr Psychiatry 26:3, March 2018
Memory and Brain Amyloid and Tau Effects of a Bioavailable Form of Curcumin

in Non-Demented Adults: A Double-Blind, Placebo-Controlled 18-Month Trial

Gary W. Small, et al.

100

Buschke CLTR Score

90 - /;l;-——__k/

Time (months)

-]

= & = Curcumin

—8— Placebo

Conclusions: Daily oral curcurmin may lead to
improved memory and attention in non-
demented adults. The FDDNP-PET findings
suggest that symptom benefits are associated
with decreases in amyloid and tau accumulation
in brain regions modulating mood and memory.

TABLE 3. Bascline and 18-Month Regional FDDNP Binding Levels, Percent Changes, and Effect Sizes

Regions

Frontal
Pancral

Lat Temp

Med Temp
Post Cingul
Ant Cingul
Amygdala’
“\'h’.'(ll'.ll.ll!lu\:

Curcumin Placebo Effect Size
Y % Within Within Between
Bascline 18-Month Change Bascline 18-Month Change Curcumin Placebo Group
1.11 (1L03) 110 40.06) -0.63 1.15 ¢L.08) 1.15 (0.08) -1.52 —(L15 -().22 -0 10
1AM {0.06) 1.OG (D.06) 1.38 1.07 (0.05) 1LAOT (0.05) -().51 0.24 -0.11 -).35
.11 (0.03) 1 1205 064 INERCIEIT .14 ¢0.07) 11.50 01 0as 0,06
11O (0.06) LIT (.07 0ns2 1.18(007) 119 (0.00} 1.51 009 0.23 014
L3 (000 112 (D.05) 1) 88 11 (0 08) 114 (0,00) -0.17 —£1.19 -003 016
LIS (0,00) 1. I8 (0.03) ~)1G 1,22 (10L05) 1.20 (0,08 -1.30 -{.04 -0.21 -17
1.29 (0.00) 1.26 (0.06) «2.05 1.31(0.11) 1.32 ¢0.10) 0.62 ~0.41 0.08 .48
o2 (0.06) 1.0 (D.06) -1.51 A2 14) 1.ab (0.13) 252 —13.30 .26 55



The major classes of flavonoids and their dietary sources.

Flavonoids as Prospective Neuroprotectants and Their Therapeutic Propensity in Aging Associated Neurological Disorders.
Front. Aging Neurosci. 11:155.
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Long-term dietary flavonoid intake and risk of Alzheimer disease and
related dementias in the Framingham Offspring Cohort r\

Esra Shishtar,’* Gail T Rogers," Jeffrey B Blumberg,® Rhoda Au,***%7

and Paul F Jacques'™* AS"“N ’ i %

HRs (95% Cls) of Alzheimer disease and related dementias (ADRD) events over 26 y of
follow-up based on a 5-y cutoff between ADRD diagnosis and updated flavonoid intake data
Flavonond mtuke percentile catezary

Flavomoid clavs =15th > 15th to 30th =30 (o 60th =60th P-trend® Led by scentists at the Jean Mayer USCA Human Nutriton Research Center on Aging (USDA
Flavomals (' = 42V5) (r = 420/36) (n = 841/63) {m = 112IN58) HNRCA) at Tufts Unineersity, this study followed 2,500 pMp!a aged 50 and oicer 1o examing the
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Flavomos (n=42I¥31) (e =420121) (n=84147) (= 1120804)
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Maodel 2° 100 {ref.) Q076 (044, 1.33) .57 (0.35.0.91) 083 (053, 1.30) 09y : : : X
Model 3 100 (ref ) 083 (047, 1.46) .61 (0,38, 0.99) 082 (057, 1 4%) 072 periods of ume, this study publishad in the Americon foume! of Clinkol Netritian looked at exposure
Flavanooes (1= 418026) (m = 4227203) (= S4V3K) {w= 11211118} aover 20 vears
Maodel 1* 100 (ref) 62 (034, 1,11 .49 (0,30, 0.81) OR8(0156, 1 37) 022 3
Madel 2* 100 (sef.) 61 (034, 1.10) .48 (0,29, 0.80) 084 (052, 1.3 032 The research team daterminad that low intake of theae flavonodd types was linked 10 higher risk of
S ’ AN fref. 1 036, 1.20) 42 (031, 0 521057, 0n2 ok n b . = A
B o i Bt et gfr g PR S O.: g L . dementia when comparad to the highest Intake. Specficaly: Low intake of flavonais (spoies. pears
Model 14 100 (ref.) 1130007, 1.83) 0,74 (0,47, 1.16) 097 (050, L 20 01y and tea) was associated with twice the risk of developing ADRD; Low niake of anthotyaning
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Anthocyanins {n = 420029 (m = 421/32) (n = R045) {w = 1120647) and low intake of flavonoid polymers (apples, pears, and t2a) was associated with twice the risk of
Maodel 1* 100 (ref ) 052 (33, 082 1583 (0.36,0.77) 02940119, 01,45 0N ‘ 2
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Model 2° 1A (el 0381054, 1.49) .63 10,40, 1.00) 0331043, 085 XIS
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PNAS 2023 Vol. 120 No.23 2216932120

Dietary flavanols restore hippocampal-dependent memory
in older adults with lower diet quality and lower habitual
flavanol consumption

Adarn M. Brickman®™', Lok-Kin Yeung®®*, Daniel M. Alschule D, jevier 1. Ottavia ni*@, Gunter G. C. Kuhnle"D, Richard P. Sloar?s &,
Halke Luttmann-Gibson™ @, Trizha Copeland”, Hagen schroeter™ ), Howard D. Secca™ 0, joann E. Manson™ D, Melanie Wall*é. and Scart A Smalle==8' &

This study, a culmination of 15 y of research from mice to humans, provides biomarkerbased evidence that dietary consumption of
flavanols, a food constituent found in certain fruits and vegetables, can be etiologically linked to age-related memory decline.
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Scientific Reports | (2021) 11:3837
Insights into the role of diet and dietary flavanols in cognitive

aging: results of a randomized controlled trial

Richard P. Sloan®? , Melanie Wall?, Lok-Kin Yeung®*, Tianshu Feng?, Xinyang Feng’,
Frank Provenzano™*, Hagen Schroeter®, Vincenzo Lauriolal, Adam M, Brickman®* &
Scott A. SmallP*
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Dietary Flavonoids and Adult Neurogenesis: Potential Implications for Brain Aging
Current Neuropharmacol ogy, 2023
Sergio Davinelli . Alessandro Medoro. Sawan Ali. Daniela Passarella, Mariano Intrieri and Giovanni Scapagnini

a‘Deparnnem of Medicine and Health Sciences "V. Tiberio", University of Molise, Via V. De Sanctis, s.n.c., Campo-
basso 86100, Italy
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The Clinical Potential of Senolytic Drugs

James L. Kirkland, MD, PhD", Tamara Tchkonia, PhD", Yi Zhu, PhD’, Laura J. Niedernhofer,
MD, PhD¥, and Paul D. Robbins, PhD+
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