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Brain is poised for oxidative damage

Rich in PUFA Low antioxidant

(polyunsaturated fatty acids) Capacity (Catalase,
GSH and SOD less

than 1/5 compared
to liver)

High use of
oxygen

4

Areas rich in
iron




Oxidation and Inflammation

The link with age related chronic diseases

CANCER
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How many dementia cases in the future?

Number of Societal costs (€)
cases
30 1 2010 6,000,000 72,000,000,000
=
Em_ 2040 12,000,000 144,000,000,000
10 4
L]
= iRl A major societal challenge
qurrhy -

for the coming years
[T K' F ‘-:;:m::;fﬂtﬂ




Toward defining the preclinical stages of Alzheimer’s disea se:

Recommendations from the National Institute on Aging and the Alzheimer’s
Association workgroup

The continuum of Alzheimer's disease
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Alrheimers & Dementic 11 (2000 5) TIS-726

Summary of the evidence on modifiable risk factors for cognitive  Alzheimers
decline and dementia: A population-based perspective ¢

Matthew Baumgarta, Heather M. Snyderb, *, Maria C. Carrillob , Sam Fazioc, Hye Kima, DEmEﬂ[ia
Harry Johnsd

In 2014, the World Dementia Council (WDC) requested the Alzheimer’s Association evaluate and
report on the state of the evidence on modifiable risk factors for cognitive decline and dementia.
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Evidence Evidence Evidence Evidence

The Association believes there is sufficiently strong evidence, from a population-based perspective, to
conclude that regular physical activity and management of cardiovascular risk factors (diabetes, obesity,
smoking, and hypertension) reduce the risk of cognitive decline and may reduce the risk of dementia. The
Association also believes there is sufficiently strong evidence to conclude that a healthy diet and lifelong
learning/cognitive training may also reduce the risk of cognitive decline.



Ageing Research Reviews

Nutrition for the ageing brain: Towards evidence for an optimal diet
Vauzour D, et al. 2016

Pathological
aging

Normal
aging
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. Epidemiology . ._
-_—_— =
Lifestyle intervention
Micronutrients
Polyphenol-rich diets
Flavonoids
Vitamins
-3 PUFAs

Calorie restriction
Ketogenic diet
Mediterranean diet
Exercise

Overview of links between lifestyle interventions on cognition and healthy brain function during ageing.



Mediterranean Diet, Alzheimer Disease, and Vascular Mediation
Nikolaos Scarmeas, Yaakov Stern, Richard Mayeux, Jose A. Luchsinger.

Arch Neurol. 2006:63:1709-1717

Higher adherence to the MeDi is associated
with a reduced risk for AD. The association
does not seem to be mediated by vascular
comorbidity. This could be the result of other
biological mechanisms (oxidative or
inflammatory) being implicated.

4168
nckdent Damantia
- DR Diftzrent Than 0 or 1 or
Won-AD Dementia Dlagnosls
L 565 Ma—a'lll-'lilhlr Assassmant
L M0l Score Not Calcuizied
: Bacause of Missing Ceta

Figure 1. Flowchart describing sample size. AD indicates Alzheimer disease;
COR, Clinical Dementia Rating; MeDi, Mediterranean diet.
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Nondemented Alzheimer Disease

Figure 2. Means and standard errors of Mediterranean diet score for
subjects with Alzheimer disease and nondemented subjects.

Odds Ratia

- |
N 1 I
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Figure 3. Odds ratios and 95% confidence intervals (bars) for subjects with
Alzheimer disease vs nondemented subjects, for each Mediterranean diet
{MeDi) adherence tertile based on logistic regression models that adjusted
for cohort, age, sex, ethnicity, education, apolipoprotein E genotype, caloric
intake, smoking, comorbidity index, and body mass index (calculated as
weight in kilograms divided by height in meters squared).



SISE}SO8LLIOH CO_”_Q._ osqge

JUSLIINN
# adAjousyd [eunion #

(adfousb _mEEE sauar)

1

swsiueyosLU Josuss
ybnouyy Buieubis

uone.salijoid SISe]SOaWoy
119D “_ ABJisu3

co_E_l_omc_m: au99)

sJojoe} uonduosued|

(speubis lueysl
| _,m_h_,__m_bzw_.g SJOjoej |euoillInNN

sjeuBis AJejaip se sjoe SjuslINN



¢3NO LNIIONY K

133235

sIead 2311}

Aquo Aeunxosdde £4q ygn 2
ut Asuedadxa a1 aseadur pynom
aasued jo saddy e Suneununyy

Ajjaaang uon

e

e Suraq-1jam uewny Suraoadun oy £33 ay poy yySrur saar Ayjeay ‘Addey Buof aarp oym ajdoad uo Fuisnoog
S9OUITDS [RITPAW 3} 10]
widipered mau e se A30]01q 2ADISO]

>

4121005 ) 20U21IS

s1i0da.4
CI0F | EON | EL TOA spodas Oaw3 omzm



‘ORG L ‘BJRJEM PUE YiRBH J0 ANSiuW uRdep (9EGL TDCH M (EE2IN0OS

Ll D&k | Fa61 nagl SL61 DLEl 5861 10}
L I | I I I I I I I | | ! I I
L)
il
ol
¥sn =
uapam
pamg L og
uedep —m—
EMEUIYD
- 5E

2N ayl pue suoijejndog paai-buoy w Aoueyaadx3y a1

EMEUD|O

el ey ueasQ ay1oed
wany par wpeay By g
sy i e S i g

WVI90¥d ooy

VMYNDIO S SV ot wvavr
YL - |

.r..

i
'

uedep jo eas

1251594 FAWI] 42 AN ]




'DB-ELEHZ'GEEL j0nuapid] [ pewau)
‘e 38 ] 'minB “Za-G/Z:1 L7966 20ud Ui 2 38 '3 ‘uaunjoy
"G6 68 1LY 6661 J05 NEUSY WY [ '|E 18 T "epewe), (saunog




Mechanims of Ageing and Development 136-137 (2014) 148-162

Healthy aging diets other than the Mediterranean: A focus on the
Okinawan diet

Donald Craig Willcox®™~", Giovanni Scapagnini“, Bradley |. Willcox "*

Key Features of Traditional Okinawa Diet

1) Low Caloric Density (plant-based, low fat, moderate
protein from soy, fish, lean meats)

2) High Nutrient Density (Vitamins A,C, E, potassium,
magnesium, folate, and healthy oils)

Alcohol in Moderation

3) Phyto-nutrient Rich (polyphenols, carotenoids mostly
from green leafy, yellow root vegetables and seaweed)  osiysapin

(Jasmine) Tea

Daily Physical
Activity

Fish & Lean

Meats
4) Low in Glycemic Load (high quality carbohydrates / Low-Gl Grains
from staple sweet potato) / Legumes \
5) Anti-inflammatory (CR, polyphenols, omega 3 fatty [ vesstablessFrus  \

acids)
Traditional Okinawan diet food pyramid



Healthy aging diets other than the Mediterranean: A focus on the Okinawan diet.
Willcox DC, Scapagnini G, Willcox BJ. Mech Ageing Dev. 2014 Jan 21.

Curcuma longa Ipomoera batatas Wakame
cultivar Ayamurasaki Undaria pinnatifida

OH
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Curcumin Anthocyanin Phlorotannin







Gut-brain link grabs
neuroscientists

Idea that intestinal bacteria affect mental health gains ground.

F \
Systemic ¥ Meural
communication communication

HPA mxls

Neuratrarmmilters
Eacterial metabolites

Bidirectional communication channels between the gu

Gut mlcroblata

\\L

13 NOVEMEER 2

Microbial prupnrtlun
Changes in
adhesion/colonization

VOL 315 | NATURE | 173

Polyphenols
Hpp

9
.-r"‘

R

NDFZ

%

OH

Production of active
metabolites
Changes in bioavailability

t microbiome, the gut, and the brain.




Major pathways activated by polyphenols




“* The xenohormesis hypothesis”: organisms have evolved to respond to
stress signaling molecules produced by other specie S in their environment.

Activation of Activation of
siruin pathway sirtuin pathway '
Life-cycle alteration Life-cycle aiteration
Stress resistance Stress resistance
Longevity? Longevity

Lamming DW, Wood JG, Sinclair DA. Small molecules that regulate lifespan: evidence
for xenohormesis. Molecular Microbiology (2004)
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Journals of Gerantology: Medical Sciences
cite as: J Gerontol A Biol Sci Med Sci, 2015, Vol. 70, No. 9, 1141-1147

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 (AEN
Nutritional Epidemiology \)
High Concentrations of a Urinary Biomarker
of Polyphenol Intake Are Associated with
Decreased Mortality in Older Adults'?

Raul Zamora-Ros,>* Montserrat Rabassa,” Antonio Cherubini,”** Mireia Urpi—Sard5,3
. R - 8 L e 3
Stefania Bandinelli,” Luigi Ferrucci,” and Cristina Andres-Lacueva

J. Nutr. 143: 1445-1450, 2013

JAGH 63930544 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, MSe,* Antonio Cherubini, MD, PhD,” Raul Zamora-Ros, PhD,?

Mireia Urpi-Sarda, DPharn, PhD,* Stefania Bandinelli, MD.F Luigi Ferrucci, MD, PhD,' and
Cristina Andres-Lacueva, DPharm, PhD*

E




High Concentrations of a Urinary Biomarker of Polyphenol
Intake are Associated with Decreased Mortality in Older
Adults

Kaplan-Meier plots of all-cause mortality for 12 y of follow-up in the INCHIANTI study
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The overall survival curves of participants by TUP (total urinary polyphenol) (A) or TDP
(total dietary polyphenol) (B). Participants in the highest TUP tertile experienced lower all-

cause mortality than thosein the lowest TUP tertile. 3 Nutr. 2013:143(9):1445-50
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Scapagnini G, Colombrita C, Amadio M, D'Agata V, Arcelli E, Sapienza M,
Quattrone A, Calabrese V.
Curcumin activates defensive genes and protects neu rons against

oxidative stress.
Antioxid Redox Signal. 2006 Mar-Apr;8(3-4):395-403.

Institute of Neurological Sciences, National Research Council (CNR), Catania, Italy.,
Blanchette Rockefeller Neurosciences Institute, West Virginia University, Rockville, Maryland.

CURCUMIN

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

CCONTROL

I GOX

[ GOX+CLRCLMN

1 GOXHCLRCUMNA+SIPPIX

Control Curcumin 30 M (6h)

Cell viability
(% control)

1}

* o < 0.05 versus control, ™ p < 0.05 versus GOX alone

SNAP 0.5 mM (8h) Negative control
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THE JOURNAL OF
BIOLOGICAL CHEMISTRY

Tk Joowral 0F BioLoincal CRMWErTEY
© 1005 by Thu Amnricin Socicty for Biochemisiry and Moleular Bisiogy, Tnc

Vol IT0. Moo d2, Tssue of Dointar 200, pn. 2490525000, 55095

Friron fmiraEA

Activation of Transcription Factor NF-«kB Is Suppressed by

Curcumin (Diferulolylmethane)”

(Heceived for publication, July 13, 1995, and in revised form, August 11, 1505)

Sanjaya Singh and Bharat B. Aggarwalf

From vhe Cyinkine Research Laborabory, Deparimery of Molecodar Onealogy, The Ldversity of Teas M. 12 Anderson

(Stress | Diet| Chemotherapy  ntction| Obesity | Addicton|

Cancer Canrar, Honsion, Texas 77050
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Regulation of inflammatory cytokines through activa tion of NF- kB



Curcumin activates Nrf2 expression and stimulates ARE-binding activity

0 15

Curcumin [pM]

Motterlini R. et al. Biochem J. 2003
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[Ner/keapl/ARE ] » - »[ Cytoprotection

ANTIOXIDANT RESPONSIVE ELEMENT (ARE)

multifunctional roles

regeneration
of GSH and
dehydroascorbate

antioxidant

regeneration
of oxidized thioredoxin
and dehydroascorbate

GSH synthesis

biliverdin/bilirubin
(0]
Fe

regeneration
of ubiquinol
and tocopherol

ANTIOXIDANT AND CYTOPROTECTIVE ACTION




Multi-organ protection by the Nrf2 pathway

Lung Skin Liver
Antioxidant i
Detoxification Antioxidant
Antioxidant Inflammation Detoxification
Detoxitication Proteasome
Brain T Gl Tract

Antu:.l:-: 1da’.1t "
Detoxification

L@

C I?ri‘l:mman::m L Antioxidant
Gl Detoxification
Signaling

Drug metabolism
NADPH regeneration

R T

Eryvthrocyte Epithelia

Antioxidant Cytokine ; Antioxidant

Detoxification T, B cell-specific Antioxidant  Detoxification

Growth factor
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Inflammation Inflammation

Inflammatory Response
> Cytokines
NOS
cox




Epidemiological studies showed that in India, where curcumin is widely used
In daily diet, there is a reduced age-adjusted prevalence of AD (in patients
between 70 and 79 years of age is 4.4 fold less than that of the United
States), as well as a lower prevalence of Parkinson’s disease.

Chandra V, Pandav R, Dodge HH, Johnston JM, Belle SH, DeKosky ST, and Ganguli
M. Incidence of Alzheimer's disease in a rural communit y in India: the Indo-US
study. Neurology 57: 985-989, 2001.

Muthane U, Yasha TC, and Shankar SK. Low numbers and no loss of melanized

nigral neurons with increasing age in normal human brains from India.
Ann Neurol 43: 283-287, 1998.

Ng TP, Chiam PC, Lee T, Chua HC, Lim L, Kua EH. Curry consumption and
cognitive function in the elderly.  Am J Epidemiol 164(9):898-9, 2006




Proceaedings of the National Academy of Sciences of the United States of America

Proc Natl Acad Sci U S A. 2007 July 31; 104(31): 12849-12854.
Innate immunity and transcription of MGAT-III and
Toll-like receptors in Alzheimer's disease patients
are improved by bisdemethoxycurcumin

Fiala M. et al.

Department of Medicine, Greater Los Angeles Veteran's Affairs
Medical Center

J Clin Psychopharmacol. 2008 Feb;28(1):110-3.

Six-month randomized, placebo-controlled, double-
blind, pilot clinical trial of curcumin in patients with
Alzheimer disease.

Baum L. et al




THE JOURNAL OF BIOLOGICAL CHEMISTRY Vol. 280, No. 7, Issue of February 18, pp. 5892-5901, 2005

Curcumin Inhibits Formation of Amyloid g Oligomers and Fibrils,
Binds Plaques, and Reduces Amyloid in Vivo*
Fusheng Yangi§, Giselle P. Limi$, Aynun N. Begumi$§, Oliver .J. Ubedai$, Mychica R. Simmonsi$,

Surendra S. Ambegaokar:$, Pingping Cheni$, Rakez Kayed, Charles G. GlabeY,
Salley A. Frautschyi§l, and Gregory M. Colei§**

”“ Cawre Cure Cure Cwre Care Cure Core CR CR

0 0 0.25 | 4 16 64 16 64
C
. : ; : =247
No Cuare, Diet Cure. Diet ' =127
- \ =87
EnCex EnCix '.4 -
=30

Cure. Diet + ( Irc. iT‘ni Cure. Diet + {"["'L' "”
EnCix Hippo

"

s o 3k

Control Cure

: . . . (500 ppm)
Curcumin crosses the blood-brain barrier and binds

to plaques in vivo in Tg2576 mice Curcumin inhibits formation of AB oligomers.



Jowrnal of Neurochemistry, 2007, 102, 1095-1104

Curcumin labels amyloid pathology in vivo, disrupts existing

plaques, and partially restores distorted neurites in an Alzheimer
mouse model

M. Garcia-Alloza, L. A. Borrelli, A. Rozkalne, B. T. Hyman and B. J. Bacskai

-
£
o

m1% gession
02™ session
120

[

Control Curcumin

Representative longitudinal imaging of plaques with multiphoton microscopy before and after
curcumin treatment in an APPswe/PS1dE9 mouse.



350 Cwrrent Nenropharmacology, 2013, Vol. 11, No. 4

curcumin

TGlutaminne synthesis

Inhibit mitochondrial damage
- Reduce ROS
- Increase glutathione synthesis

Alzheimer

Lee er al.

a%%

Ap oligomers  Senile plaque
Prevent AP aggregation

Destabilization of pre-formed fibrils

Molecular targets of curcumin NET Fer
XT Cuz Fei*
i.e. NFkB, AP-1, PPAR, Nrf2 =g= &*Cu

Gene expression Cu?* Fad*
lL.e. COXZ2, INOS, IL-8. IL-6. IL-12, TNF

Protein kinase
i.e. JNK, AKT, PKA, PKC Phosphorylated tau

Enzymes
l.e. Glutathione, HO-1 .
Others Metal chelation

I.;Hpﬁi, Bcl-2. Bel-xl, Bax, caspase, Prevent NFT formation
p

Reduce oxidative stress
ROS, RNS, NO

Fig. (6). Proposed molecular targets of cureumin against AD. Curcumin is known to prevent Af aggregation and destabilizes pre-formed
fibrils. In addition. curcumin protects from mitochondrial dysfunction by decreasing the load of ROS and increases the synthesis of
glutathione. Curcumin also prevents neuronal loss from oxidative damage by scavenging NO-based radicals; which thus neutralizes ROS and
RNS-based radicals. Furthermore, curcumin is a potent metal-chelator and inhibits the formation of NFT.



The “Alzheimer's disease signature”. potential perspectres
for novel biomarkers. Immunity & Ageing 2011, 8:7

http://www.immunityageing.com/content/8/1/7/
Sergio Davinelltt, Mariano Intrieri 1, Claudio Russ@, Alfonso Di Costanz@é, Davide Zell, Paolo Bosc8
Giovanni Scapagnint

Schematic Overview of Major Alzheimer’s Disease (AD) Gene

Familial
Genes L.ocus Functions

APP gene encodes a membrane protein cleaved by secretase. Mutations in App locus
APP 21q21.3 causes autosomal dominant early onset AD and cerebroarterial amyloidosis.

PS1 iz involved in APP processing and mutations can interfere the production of
PS1 14q24.2 AP42 andto form plagques. Numerous alternatively spliced transcript variants
encoding different isoforms have been identified for this gene.

Regulate APP processing as a part of the a-secretase complex. Familial mutations can
PS2 1g42.13 change the production of Ap42.

riskGepes| | |

ApoE regulates the normal catabolism of triglvceride-rich lipoprotein constituents.
APOE 19q13.32 APOE binds A B and it is involved in AP clearance. Subjects carrving the E4 allele
have an increased amyloid burden.

The transcript undergoes complex alternative splicing and tau exists as s1x splice

TAU 17g21. izoforms. The inmutations can alter microtubule binding efficacy.

L
[a—

DYRKI1A is localized in the critical region of chromosome 21 and is involved in tau
DYRKI1IA 21q22.13 and APP phosphorvlation. Firstly the activity is upregulated by Ap and APP
phosphorylation result in increased amyloidogenic processing with B ACE interaction.

The overexpression of this gene may be relevant for AD. GSK-3 phosphorvlates tan

GSK3p 3q13.33 and presenilin-1, which are involved in the development of AD. The phosphorylation
of'tau leads to tangle formation and APP cleavage products can activate GSK3
resulting increased tau phosphorylation.



The role of Apolipoprotein E4 in Alzheimer disease pathogenesis
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Journal of

Psychopharmacology

J Psychopharmacol May 2015 29:642-651
Investigation of the effects of solid lipid curcumin on cognition

and mood in a healthy older population
Cox HZH1, Fipingas A1: Scholey ABZ

Centre for Human Psychopharmacology, Swinburne University of Technology, Melbourne, VIC, Australia.
2Centre for Human Psychopharmacology, Swinburne University of Technology, Melbourne, VIC, Australia

Curcumin possesses many properties which may prevent or ameliorate pathological processes underlying age-related cognitive
decline, dementia or mood disorders. These benefits in preclinical studies have not been established in humans. This
randomized, double-blind, placebo-controlled trial examined the acute (1 and 3 h after a single dose), chronic (4 weeks) and
acute-on-chronic (1 and 3 h after single dose following chronic treatment) effects of solid lipid curcumin formulation (400 mg as
Longvida®) on cognitive function, mood and blood biomarkers in 60 healthy adults aged 60—-85. One hour after administration
curcumin significantly improved performance on sustained attention and working memory tasks, compared with placebo.
Working memory and mood (general fatigue and change in state calmness, contentedness and fatigue induced by
psychological stress) were significantly better following chronic treatment. A significant acute-on-chronic treatment effect on
alertness and contentedness was also observed. Curcumin was associated with significantly reduced total and LDL cholesterol
and had no effect on hematological safety measures. To our knowledge this is the first study to examine the effects of curcumin
on cognition and mood in a healthy older population or to examine any acute behavioral effects in humans. Results highlight the
need for further investigation of the potential psychological and cognitive benefits of curcumin in an older population



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

Curcumin
BaNow:Semibrded Adults: A Double-Blind, Placebo-Con  trolled 18-
Month Trial

100
Conclusions: Daily oral curcurmin
§ - 1_____f_,,-—*"f Srvsre—— may Ic_ead_to improved memory and
3 jrt | —8— Placebo attention in non-demented adults. The
E » /j//»-‘_%_.\ FDDNP-PET fln_dlngs sugge_st that |
Vf/ . 1 m{ symptom b_eneflts are associated with
X _ decreases in amyloid and tau
0 6 2 18 accumulation in brain regions
fime (monthe) modulating mood and memory.

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

Curcumin Placebo Effect Size
% Yo Within Within Between
Regions Baseline 18-Month Change Baseline 18-Month Change Curcumin Placebo Group
Frontal 1.11 (0.05) 1.10 (0.06) -0.63 1.15 (0.08) 1.13 (0.08) -1.52 -0.13 -(.22 =0.10
Parietal 1.04 (0.06) 1.06 (0.06) 1.38 1.07(0.05) 1.07 (0.05) -0.51 0.24 -0.11 —(1.35
Lat Temp 1.11 ¢0.05) 1.12 (0.05) 0.64 1.13 (0.08) 1.14 (0.07) 0.50 0.14 0.08 —-0.06
Mecd Temp 1.16 (0.06) 1.17 (0.07) 0.52 1.18 (0.07) 1.19 (0.06) 1.31 0.09 0.23 0.14
Post Cingul 1.13 (0.06) 1.12 (0.05) -0.88 1.14 (0.08) 1.14 (0.06) -0.17 -0.19 -0.03 0.16
Ant Cingul 1.18 (0.06) 1.18 (0.05) -0.16 1.22 (0.09) 1.20 (0.08) =1.50 —=0.04 =0.21 =0.17
Amygdala® 1.29 (0.06) 1.26 (0.06) =-2.05 1.31 (0.11) 1.32 (0.10) 0.62 —0.41 0.08 0.48

Hypothalamus” 1.42 (0.06) 1.40 (0.06) -1.31 1.42 (0.14) 1.46 (0.13) 2,52 —0.30 0.26 0.55
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@.PLOS ‘ ONE December 8, 2017

Hexahydrocurcumin protects against cerebral ischemia [reperfusion injury,
attenuates inflammation, and improves antioxidant d efenses in a rat stroke
model

Wicha P. et al HHC

Occlusion Reperfusion Sham Vehicle 10 mgf’kg 20 Il'!.g."lkg 40 mgfkg

l .
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Anti-depressant like effect of curcumin and its combinatio n with
- piperine In unpredictable chronic stress-induced behavio ral,
biochemical and neurochemical changes. Bhutani MK et al. 20 09

160 -
a

140 -

2

» 120

+1

o

100 -

=

2

5 80

=

>

S 60 b,c

£

E 404 abc abc
o ' i
D_ T T T 1

Control Stress + Stress + Stress + Stress + Stress +
Vehicle Cmn 20 Cmn 20 Cmn 40 Cmn 40
+Pip2.5 +Pip 2.5

Treatment

Effect of curcumin and its combination with piperine on forced swim-induced immobility
period in rats. ap<0.05 as compared with control group; bp<0.05 as compared with stress
(S)+vehicle group, cp<0.05 as compared with stress (S)+ curcumin (20).



Curcumin reverses impaired hippocampal neurogenesis and
BRAIN increases serotonin receptor 1A mRNA and brain-derived
RESEARCH neurotrophic factor expression in chronically stressed ra ts.
XuY et al. 2007

A B
Table 1-The effects of curcumin on 5-HT,, receptor
mRNA expression in stressed rats
CGroup Dosge Brain region 5-HT, , receplon
(makg) mBMNA expression
C h D CAl CA3 D
Contral T00 D43 D00+ 1.9  I000+TS5
Stress+ vehicle BOT£21 775207 572213
Curcumin 3 F19419 FiBE+1.4 ehd+12
: L BO.1+1 0" Ol +T. 7 Thixl
gree Al BS. F+ 00 812+0 K8 HEa5+1.1"
_ AT g Imipramine 0 914£13% BS6:13 BRI 2 1"
5 T .‘d}-,-""'i - Values are mesn+SEM. and sxpressed as a pacentage of the
,. : . ot contral group (r=5—6) ®p<0.0i, compared with control group;
F - A "p< 005, "p<0.01, compared with stress+ vehicle group.
T o ':""-\.'l
ML t.' #3

il W

The effects of curcumin on BDNF immunoreactivity in hippocampal neurons of stressed
rats. (A) Control group. (B) Stress+vehicle group. (C) 5 mg/kg curcumin. (D) 10 mg/kg
curcumin. (E) 20 mg/kg curcumin. (F) 10 mg/kg imipramine.



Neuroscience Letters

300

250

200

| #
150 -
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Control CORT CORT
+ ¢ reu i

Immaohility time (s)

Effect of curcumin on the immobility time of
CORT-treated rats in the forced swim test. The
rats were administered with CORT (40 mg/kg,
s.c.) once daily for 21 days, and curcumin (20
mg/kg, p.o.) was given to the animals 30 min
prior to the CORT injection. Values are given
as mean*SEM (n = 8). #p < 0.01 compared
with the control group; *p < 0.01 compared
with the CORT group.

Curcumin reverses corticosterone-induced
depressive-like behavior and decrease In brain
BDNF levels in rats. Huang Z et al. 2011

10 A

BDNF levels (ng/g weight)
-
EN\\§
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£ [
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Control CORT CORT

+ Cureumin

Effect of curcumin on brain-derived
neurotrophic factor (BDNF) protein
levels in the hippocampus (A) and
frontal cortex (B) of CORT-treated rats.
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MECHANISMS PROPOSED FOR ANTIDEPRESSANT ACTIVITY OF CURCUMIN

Monoamine oxidase (MAO) inhibitory property of curc umin

Modulating the serotonin and dopamine neurotransmis sion in brain

Increasing the levels of neurotrophic factors, parti cularly brain
derived neurotrophic factor (BDNF)

Antiinflammatory and antioxidant property
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Reduced neurotransmission
Hippocampal and frontal atrophy

Depression Reduced neurotrophin levels Age-related
HPA axis hyperactivity Cognitive decline
Reduced neurogenesis
!
Curcumin

(and structurally similar polyphenols?)

Ogle WO et al. Potential of Treating Age-Related Depression and Cognitive Decline
with Nutraceutical Approaches. Gerontology 2013;59:23-31




Modulation of Nrf2/ARE pathway by food polyphenols: a
neuroprotective strategy for

nutritional

neurodegenerative disorders .

Scapagnini G, Vasto S, Abraham NG, Caruso C, Zella D,

Galvano F.

Mol Neurobiol. 2011 Oct;44(2):192-201.

Recerved: 30 November 2010/ Accepted: 4 Apnl 2011
L Springer Scienoe+Business Media, LLC 2011

Abstract In recent 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 various age-related patholopgic conditions
ranging from cancer to neurodegenerative diseases,
Although the exact mechanisms by which polyphenols
promote these effects remam to be elucidated, several
reports have shown their shility to stimulate a general
xenchiotic response in the target cells, activating multiple
defense genes. Data from our and other laboratories have
previously demonstmted that curcumin, the vellow pigment
of curry, srongly induces heme-oxypgenase-1 (HO-1)
expression and activity in different bram cells via the

(i. Scapagmimi (&)

Diepartment of Health Scicnces, University of Maolise,
Campobasso, laly

e-mail: geeapagi@gmatl.com

activation of heterodimers of NE-E2-reflated factors 2
(N2 yantioxidant responsive element (ARE) pathway.
Many studies clearly demonstrate that activation ofMNri2
targelt genes, and partcnlarly HO-1, in astrocytes amd
neurons i stronply 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 owr group revealed that low concentrations of
epigallocatechin-3-gallate, the major green tea catechin,
induces HO-1 by AREMNrf2 pathway in hippocampal
neurons, and by this induction, it 15 able 1o protect neurons
apainst 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
o protect neurons via HO-1 mduction, These smdies
identify 8 novel class of compounds that could be used
for therapeutic purposes as preventive apents apgainst
cognitive decline.

cognitive and

Mocecusas Newsossang

HO

H

Fig. 1 The chemical stuchies of cuncumin (a), CAPE (b), EFE (c),
(—)-EGCG (d)
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Synergy research: Approaching a new generation of nutraceicals
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Curcumin boosts DHA in the brain: Implications for the prevention of
anxiety disorders

Biochimica et Biophysica Acta (2014)

AiguoWu a, Emily E. Noble a, Ethika Tyagi a, Zhe Ying a, Yumei Zhuang a, Fernando
Gomez-Pinilla
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Roles of PUFASs in the brain
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