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3 Types de vieillissement cognitifs

Vieillissement	normal	:	performances	dans	les	normes
-par	rapport	aux	sujets	du	même	âge
- Par	rapport	aux	sujets	ayant	le	même	niveau	socio-éducatif.

Vieillissement	à	risque:
-MCI	« Mild Cognitive	Impairment »	:	sujets	intermédiaires	dont	les	troubles	sont	
le	plus	souvent	liès à	des	affections	pathologiques	et	qui	vont	évoluer	dans	la	
majorités	des	cas	vers	une	démence.

Vieillissement	pathologique	:
-démence	neurodégénératives /	vasculaires



Performances	de	mémoire	
(12	semaines	de	jus	de	bleuet)
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Evolution	des	fonctions	cognitives	entre	65	et	75	ans Performances	d’apprentissage	verbal	
(12	semaines	de	jus	de	raisin)

La	consommation	de	petits	fruits/flavonoïdes	:
Ralentissement		du	déclin	cognitif,	
Meilleures	fonctions	cognitives	

chez	les	sujets	âgés
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Polyphenol-rich extract from grape and blueberry attenuates cognitive
decline and improves neuronal function in aged mice
Bensalem Julien, Dudonné Stéphanie, Gaudout David, Servant Laure, 
Calon Frédéric, Desjardins Yves, Laye Sophie, Lafenetre Pauline, Pallet
Véronique

BJN, in revision

Polyphenols from grape and blueberry improve episodic memory in healthy elderly 
with the lower level of memory performance: a bicentric double-blind, randomized, 
placebo controlled clinical study
Bensalem Julien, Dudonné Stéphanie, Etchamendy Nicole, Pellay Hermine,
Amadieu Camille, Gaudout David, Dubreuil Séverine, Paradis Marie-Eve, Pomerleau 
Sonia, Capuron Lucile, Hudon Carol, Layé Sophie, Desjardins Yves, Pallet Véronique

ADJ, in revision

Neurophenols Research Consortium

Formulation of the product

In vitro preclinical studies

In vivo preclinical studies (mouse)

In vivo preclinical studies (dog)

Clinical trial

X France-Canada collaborative project (2011-2015)

X Academic institutions: phytochemistry, neuroscience,

psychology and nutrition

X Companies: active ingredients and food supplements

X Development of a nutritional formulation of blueberry

and grape polyphenols with a beneficial effect on

cognitive decline in humans and pets

Neurophenols Research Consortium
• Projet Franco-Canadien
• Financement:  FUI (Fond Unique Interministériel)

Consortium	de	recherche	Neurophenols
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Bensalem Julien, Dudonné Stéphanie, Etchamendy Nicole, Pellay Hermine,
Amadieu Camille, Gaudout David, Dubreuil Séverine, Paradis Marie-Eve, Pomerleau 
Sonia, Capuron Lucile, Hudon Carol, Layé Sophie, Desjardins Yves, Pallet Véronique

ADJ, in revision

Neurophenols Research Consortium

v Projet	collaboratif	franco-canadien	(2011-2015)

v Laboratoires	académiques	:	Phytochimie,	neuroscience,	

neuropsychologie	et	nutrition

v Entreprises	:	Ingrédients	actifs	et	compléments	alimentaires

v Développement	d’une	formulation	nutritionnelle	de	polyphénols	

de	bleuets	et	de	raisins avec	un	effet	bénéfique	sur	le	déclin	

cognitif	chez	l‘homme	et	chez	l’animal	de	compagnie.

Formulation	du	produitFormulation of the product

In vitro preclinical studies

In vivo preclinical studies (mouse)

In vivo preclinical studies (dog)

Clinical trial

X France-Canada collaborative project (2011-2015)

X Academic institutions: phytochemistry, neuroscience,

psychology and nutrition

X Companies: active ingredients and food supplements

X Development of a nutritional formulation of blueberry

and grape polyphenols with a beneficial effect on

cognitive decline in humans and pets

Neurophenols Research Consortium

In	vitro	études	précliniques

In	vivo	étude	préclinique	(souris)

In	vivo	étude	préclinique	(chien)

Etude	clinique

Formulation of the product

In vitro preclinical studies

In vivo preclinical studies (mouse)

In vivo preclinical studies (dog)

Clinical trial

X France-Canada collaborative project (2011-2015)

X Academic institutions: phytochemistry, neuroscience,
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X Companies: active ingredients and food supplements

X Development of a nutritional formulation of blueberry

and grape polyphenols with a beneficial effect on

cognitive decline in humans and pets
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Clinical trial
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Formulation of the product

In vitro preclinical studies

In vivo preclinical studies (mouse)

In vivo preclinical studies (dog)

Clinical trial

X France-Canada collaborative project (2011-2015)

X Academic institutions: phytochemistry, neuroscience,

psychology and nutrition

X Companies: active ingredients and food supplements

X Development of a nutritional formulation of blueberry

and grape polyphenols with a beneficial effect on

cognitive decline in humans and pets

Neurophenols Research Consortium

Structure	du	projet	Neurophenols



Monomers of flavan-3-ols (catechin)

Anthocyanins (malvidin 3-glucoside)

French grape
Vitis vinifera

Canadian wild blueberry
Vaccinium angustifolium

Phenolic acids (chlorogenic acid)

Flavonols + glycosides (quercetin) 

Stilbenes (resveratrol)

Phenolic acids (gallic acid)

Blueberry-grape supplement
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Mélange	d’extraits	de	polyphénols	de	raisin	et	de	bleuet

Bleuet	(Canada)Raisin	(France)
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Dudonné et	al.	2016
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Approche préclinique 6 semaines

16	mois

12	semaines																											+		2	semaines

4,5	mois

191/2 mois

Souris	adultes

Souris	âgées

Bensalem et al., 2016
Bensalem et al., revis.

Mémoire de reconnaissance d’objet
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PEGB : 500 mg/g d’aliments
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Approche préclinique 6 semaines

16	mois

12	semaines																											+		2	semaines

4,5	mois

191/2 mois

Souris	adultes

Souris	âgées

PEGB : 500 mg/g d’aliments

8

Apprentissage (4 ou 5jrs)

v L’âge altère les capacité d’apprentissage.
v PEGB améliorent les capacités d’apprentissage au cours du vieillissement

Mémoire spatiale de référence

** p<0,01
* p<0,05

Adultes	contrôles
Adultes	polyphénols
Agées	contrôles
Agées polyphénols

Jour	1 Jour	2 Jour	3 Jour	4 Jour	5
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Mémoire	et	apprentissage	dépendant	de	l’hippocampe

v La	consommation	de	PEGB	normalise	les	déficits	d’apprentissage	spatial	chez	
l’animal	âgée

v La	consommation	de	PEGB	améliore	la	mémoire	de	reconnaissance	d’objet

Ø La	consommation	de	PEGB	a	un	effet	bénéfique	sur	la	mémoire	dépendante	
de	l’hippocampe

Approche préclinique : conclusion

Bensalem et	al.	J	Nutritional sci.	2018	
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Etude clinique

- Etude	randomisée	en	double	aveugle	(n=190)
- Bi-centrique	France	et	Québec	(50%-50%)
- Critères	d’inclusion	:
- Age	:	60	à	70	ans
- 20	≤	IMC	≤	30
- 26	<	MMSE	≤ 29
- Critères	d’exclusion	:

� consommation	de	compléments	alimentaires
�- Dépression,	schizophrénie,	démence…
� Traitement	affectant	la	cognition	(anti	dépresseurs	etc…)
� Consommation	d’alcool	>	2	verres	/	jours
� Haut	niveau	d’activité	physique	(>	5h/	semaine)

- Restrictions	alimentaires	conseillées	:
� Aliments	riches	en	polyphénols	:	petits	fruits	≤2	portions	/sem.,	
thé	≤	1	tasse	/jr,	chocolat	noir	≤	140g/sem.

� Aliments	riches	en	Oméga-3	(poissons,	algues…)	
≤	3	portions	/	sem

- Randomized, placebo-controlled, double-blinded study
- Bi-center : France and Quebec (50-50%)
- Inclusion criteria:

• Age : 60 to 70 years old
• 20 ≤ BMI ≤ 30
• 26 < MMSE (Mini Mental State Examination) ≤ 29
• WMS (Wechsler Memory Scale ) < 29 (immediate recall score)
• WMS < 16 (delayed recall score)

- Exclusion criteria:
• Consumption of food supplements containing polyphenols or omega-3 
• Depression, schizophrenia, Alzheimer’s disease, dementia…
• Treatment affecting cognitive functions (anti-depressants, neuroleptics…)
• Unbalanced or restrictive diet
• Alcohol consumption > 2 glasses /day
• High level of physical activity (> 5h /week)

- Food restrictions:
• Polyphenol rich foods: berries ≤ 2 servings per week, tea ≤ 1 cup per day, 

dark chocolate (≥ 70% cocoa) ≤ 140 g per week
• Omega-3 rich foods (fish, algae…): ≤ 3 servings per week

Clinical trial

Caractéristiques	au	début	de	l’étude	n=	190	sujets

Bensalem et	al.	J	Gerontol.	En	révision

- Etude	randomisée	en	double	aveugle	(n=190	sujets)
- Bi-centrique	France	et	Québec	(50%-50%)
- Critères	d’inclusion	:
- Age	:	60	à	70	ans
- 20	≤	IMC	≤	30
- 26	<	MMSE	≤ 29
- Critères	d’exclusion	:

� consommation	de	compléments	alimentaires
�- Dépression,	schizophrénie,	démence…
� Traitement	affectant	la	cognition	(anti	dépresseurs	etc…)
� Consommation	d’alcool	>	2	verres	/	jours
� Haut	niveau	d’activité	physique	(>	5h/	semaine)

- Restrictions	alimentaires	conseillées	:
� Aliments	riches	en	polyphénols	:	petits	fruits	≤2	portions	/sem.,	
thé	≤	1	tasse	/jr,	chocolat	noir	≤	140g/sem.

� Aliments	riches	en	Oméga-3	(poissons,	algues…)	
≤	3	portions	/	sem
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Etude clinique
- Supplementation : 300 mg of BG extract twice a day or placebo
- Duration : 6 months (evaluation at baseline and after 6 months)
- Cognitive performances evaluation (CANTAB battery):

• PAL test (Paired Associates Learning) = primary outcome
• VRM (Verbal recognition memory) immediate and delayed recall, free 

recall (18 words)
• SSP (Spatial Span) and Reverse SSP

- Biological measurements: heart rate, blood pressure, hematology
(cholesterolemia, triglyceridemia, insulinemia, glycemia…)

- Targeted metabolomics analysis (24h urine, UHPLC-MS/MS)
- Food records (dietary habits, polyphenol consumption)

Placebo
n=98

6 months

24h urine

n=190
BG extract
n=92

CANTAB

Blood

Food 
records

Clinical trial

6	mois
- Supplementation : 300 mg of BG extract twice a day or placebo
- Duration : 6 months (evaluation at baseline and after 6 months)
- Cognitive performances evaluation (CANTAB battery):

• PAL test (Paired Associates Learning) = primary outcome
• VRM (Verbal recognition memory) immediate and delayed recall, free 

recall (18 words)
• SSP (Spatial Span) and Reverse SSP

- Biological measurements: heart rate, blood pressure, hematology
(cholesterolemia, triglyceridemia, insulinemia, glycemia…)

- Targeted metabolomics analysis (24h urine, UHPLC-MS/MS)
- Food records (dietary habits, polyphenol consumption)

Placebo
n=98

6 months

24h urine

n=190
BG extract
n=92

CANTAB

Blood

Food 
records

Clinical trial

CANTAB

Sang

Urine	de	24h

Journal
alimentaire

Placébo
n=98

PEGB
n=92

¤ Supplémentation	600mg	de	PEGB	ou	placébo
¤ Durée	:	6	mois	(évaluation	t=0	et	t=6	mois)
¤ Evaluation	des	performances	cognitives	(Batterie	CANTAB)	:

� PAL	=	mémoire	épisodique	critère	principal
� VRM	(mémoire	de	reconnaissance	verbale)	

rappel	immédiat	et	différé,	rappel	libre	(18	mots)
� SSP	(spatial	span)	et	reverse	SSP	(mémoire	de	travail)

¤Mesures	biologiques	:	 rythme	cardiaque,	pression	sanguine
hématologie,	cholestérol,	triglycéridémie,	glycémie…)

¤ Analyse	métabolomique ciblant	les	polyphénols	
(urines,	UHPLC-MS/MS)

¤ Journal	alimentaire	(consommation	de	polyphénols)

- Supplementation : 300 mg of BG extract twice a day or placebo
- Duration : 6 months (evaluation at baseline and after 6 months)
- Cognitive performances evaluation (CANTAB battery):

• PAL test (Paired Associates Learning) = primary outcome
• VRM (Verbal recognition memory) immediate and delayed recall, free 

recall (18 words)
• SSP (Spatial Span) and Reverse SSP

- Biological measurements: heart rate, blood pressure, hematology
(cholesterolemia, triglyceridemia, insulinemia, glycemia…)

- Targeted metabolomics analysis (24h urine, UHPLC-MS/MS)
- Food records (dietary habits, polyphenol consumption)

Placebo
n=98

6 months

24h urine

n=190
BG extract
n=92

CANTAB

Blood

Food 
records

Clinical trial
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Min Max

Metabolites

Urine sample

P B G

0
15

0

(+ ) -c a te c h in

# #

P B G

0
50

( - ) -e p ic a te c h in

# #

P B G

0
40

00

(e p i)c a te c h in
g lu c u ro n id e

# #

P B G

0
20

00
0

(e p i)c a te c h in
s u lfa te

# #

P B G

0
25

00

(e p i)c a te c h in
g lu c u ro n id e  s u lfa te

# #

P B G

0
20

00

(e p i)c a te c h in
m e th y l g lu c u ro n id e

# #

P B G

0
20

00
0

(e p i)c a te c h in
m e th y l s u lfa te

# #

P B G

0
40

B - ty p e  p ro c y a n id in
d im e rs

# #

P B G

0
60

h y d ro x y p h e n y l

- J -v a le ro la c to n e

# #

P B G

0
40

00
0

d ih y d ro x y p h e n y l

- J -v a le ro la c to n e

# #

P B G

0
20

g a llic  a c id

# #

Phenolic metabolites identified in 24h urine (µg/l)

## p<0.0001 vs P

Biomarkers of BG consumption: targeted metabolomic analysis

intensity of concentration

Placebo
n=98

BG
n=92

Identification	des	métabolites	phénolique	dans	les	urines	de	24h	(μg/L)

Biomarqueurs de	la	consommation	de	PEGB	:	analyse	métabolomique ciblée

✓ Flavan-3-ols
✓ Monomères	et	dimères
✓ Métabolites	conjugués
✓ Métabolites	microbiens

Dudonné et	al.	2016



Test

Paired Associates Learning test (PAL) assesses episodic
memory and learning = association of an event with
place and time
Outcome measures include the errors made by the
participant, the number of trials required to locate the
pattern(s) correctly, memory scores and stages
completed.

Boxes are displayed on the screen

Boxes are automatically opened
(randomized order) to show the patterns
The difficulty level increases through the 
test (patterns increasing from 1 to 8)

Once all the boxes have been opened, the 
participants have to associate the patterns 
with their respective location

Source: Cambridge Cognition, PAL sensitivity to age

PAL test
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completed.

Boxes are displayed on the screen

Boxes are automatically opened
(randomized order) to show the patterns
The difficulty level increases through the 
test (patterns increasing from 1 to 8)

Once all the boxes have been opened, the 
participants have to associate the patterns 
with their respective location

Source: Cambridge Cognition, PAL sensitivity to age

PAL test

PAL : Paired Associates Learning test

Le critère principal est le PAL total errors adjusted
Il évalue la mémoire épisoqique = association d’un évènement
dans le temps et l’espace.
Les performances évaluées au PAL dépendent de l’intégrité
fonctionnelle du lobe temporal et de l’hippocampe.

Des boites apparaissent à l’écran.

Elles s’ouvrent dans un ordre
aléatoire. Un/des motifs
apparaissent. Le sujet doit
mémoriser quel motif est dans
quelle boite.
La difficulté augmente de 1 à 8
motifs.

Dans la phase de test, le sujet doit
montrer la/les boites qui
contennaient les motifs.Test

Test

Paired Associates Learning test (PAL) assesses episodic
memory and learning = association of an event with
place and time
Outcome measures include the errors made by the
participant, the number of trials required to locate the
pattern(s) correctly, memory scores and stages
completed.

Boxes are displayed on the screen

Boxes are automatically opened
(randomized order) to show the patterns
The difficulty level increases through the 
test (patterns increasing from 1 to 8)

Once all the boxes have been opened, the 
participants have to associate the patterns 
with their respective location

Source: Cambridge Cognition, PAL sensitivity to age

PAL test

Evaluation	de	la	mémoire épisodique
mémoire à long	terme
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Effet de PEGB sur le PAL sur l’ensemble des sujets

PAL, total errors
adjusted
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Stratification de la cohorte selon le niveau de PAL au début de l’étude
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Stratification de la cohorte selon le niveau de PAL au début de l’étude

Q4	=	excréteurs
E Apport	similaire	en	flavan-3-ols	

E Excrétion	urinaire	plus	importante	des	métabolites	
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E flavan-3-ols	biodisponibilté plus	faible	

(métabolisme	de	phase	II,	excrétion	+	importante	?

Concentration	urinaire	de	
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flavan-3-ol	conjugués
μg/L

P=0.0035,	
P	for	trend	=	0.006
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Effet de PEGB sur le PAL sur les decliners (Q4)

Placébo
n=22

PEGB
n=25

P<0.0001ns

Evolution	du	
PAL	total	error adjusted

P=0.03

Placébo PEGB

Effet	significatif	de	PEGB	sur	la mémoire	des	
decliners (amélioration	équivalent	à	14	ans)
(5	ans	pour	les	placébo)
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P 6	mois	de	supplémentation	avec	l’extrait	PEBG	améliore	la	mémoire	épisodique	chez	les	
volontaires	présentant	des	performances	de	mémoire	faible	à	t=0	(decliners),

PLes	decliners ont	le	même	âge	mais	un	niveau	d’éducation	inférieur	aux	autres	volontaires	et	ont	
tendance	à	consommer	moins	de	polyphénols,

PMalgré	une	consommation	de	Flavan-3-ols	identique	aux	autres	sujets,	les	decliners présentent	
une	excrétion	urinaire	des	flavan-3-ols	conjugués	significativement	supérieure,

PLes	decliners semblent	avoir	un	système	de	détoxification	plus	actif	(métabolisme	de	phase	II,	
excrétion	?)	et	n’ont	pas	le	bénéfice	des	polyphénols	de	l’alimentation,
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during the whole supplementation period (D0 and D1–15,
respectively) and were freeze-dried. Plasma and feces samples
were maintained at −80 °C until analysis. No variations in
body weight or food consumption were observed between the
groups during the 15 days of supplementation.

2.3. Extraction and characterization of phenolic metabolites
from plasma and feces

Plasma and dried feces were mixed with 4% phosphoric acid
(v/v and with a material–solvent ratio of 1 : 4 respectively) to
disrupt phenol–protein binding. Feces were ground with glass
beads using a Biospec BeadBeater (Bartlesville, OK, USA) for
15 seconds and the homogenate was centrifuged twice at
15 000 rpm at 4 °C for 15 min. Phenolic metabolites were
characterized by UHPLC-MS/MS after micro-extraction on solid
phase (µSPE) as previously described,19 with slight modifi-
cations. Acidified plasma or feces supernatants were loaded
into preconditioned Waters OASIS HLB micro-elution plates
2 mg – 30 µm. The retained phenolic compounds were eluted
with 75 µl of acetone/ultrapure water/acetic acid solution
70/29.5/0.5 v/v/v and directly analyzed by UHPLC-MS/MS,
using a Waters TQD mass spectrometer coupled to a Waters
Acquity UPLC (Milford, MA, USA). Phenolic acids, flavonols,
flavan-3-ols and resveratrol metabolites were separated at
30 °C on a Waters Acquity UPLC HSS T3 column (2.1 ×
100 mm, 1.8 µm) using 0.2% acetic acid in ultrapure water and
acetonitrile as A and B mobile phases respectively, with a gra-
dient elution starting from 5% to 50% B in 8 min, raised to
90% B over 1.10 min and held for 0.90 min, and then reset to
initial conditions. The mobile phase flow rate was set at 0.4
ml min−1, and the injection volume was 2.5 μl. Following the
separation, the flow was introduced by negative mode electrospray
ionization (ESI) into the mass spectrometer with the following

parameters: capillary voltage, 2.75 kV; source temperature,
140 °C; cone gas flow rate, 80 l h−1 and desolvation gas flow
rate, 800 l h−1; desolvation temperature, 400 °C. Anthocyanins
were separated at 30 °C on a Supelco Titan C18 column (2.1 ×
100 mm, 1.9 µm) using mobile phases A and B (10% acetic
acid in ultrapure water and acetonitrile, respectively) by gradi-
ent elution starting from 5% to 35% B in 10 min, raised to
80% B over 0.10 min and held for 0.90 min, and then reset to
initial conditions. The mobile phase flow rate was set at 0.4
ml min−1, and the injection volume was 2.5 μl. The MS/MS
analysis was carried out in the positive ionization mode with
the following parameters: capillary voltage, 2.5 kV; source
temperature, 150 °C; cone gas flow rate, 50 l h−1; desolvation
gas flow rate, 800 l h−1; desolvation temperature, 350 °C. Cone
voltage and collision energy were optimized for each com-
pound. Data were acquired through the multiple reaction
monitoring (MRM) mode using MassLynx 4.1 software, track-
ing the transition of a parent/product ion specific for each
compound. Phenolic metabolites were identified by compari-
son with retention time and molecular ions of individual stan-
dards, and the quantification was conducted using their
calibration curves. Remaining metabolites, for which stan-
dards were not available, were identified based on fragmenta-
tion information described in the literature and quantified
using the calibration curve of their aglycone or the most
similar phenolic structure. Parent/product ion pairs (MRM
transitions) of identified phenolic metabolites are listed in
Table 2.

2.4. Data analysis

Plasma concentrations of phenolic metabolites following acute
or chronic administration of fruit extracts were compared
using the Welch’s t-test (correcting for unequal variance) when
data were assumed to be normally distributed, or using the
Mann–Whitney test otherwise (GraphPad Prism 6.05, La Jolla,
CA, USA). Similarly, the effect of treatments on phenolic
metabolite concentrations in plasma and feces was analyzed
for pair comparison using the Welch’s t-test or the Mann–
Whitney test. Multiple comparisons were performed using
one-way analysis of variance (ANOVA) or the non-parametric
Kruskal–Wallis test based on whether data followed a normal
distribution or not. Differences were considered to be signifi-
cant at p < 0.05. Hierarchical clustering analysis (HCA) of phe-
nolic metabolites detected in plasma and feces was carried out
using MetaboAnalyst 3.0 (http://www.metaboanalyst.ca/) on
log-transformed data, with Euclidean distance measure and
Ward clustering algorithm.

3. Results
3.1. Identified metabolites of blueberry and grape phenolic
compounds

As presented in Table 1, treatment with a blueberry–grape
extract provided flavan-3-ols (catechin, epicatechin), proantho-
cyanidins, gallic acid and resveratrol from the grape extract, as

Table 1 Intake of phenolic compounds in mice

Dose (mg per kg BW)

B G BG

Flavan-3-ols/proanthocyanidins 1.5 204.0 205.5
DP 1–3 0.6 170.4 171.0
(+)-Catechin + (−)-epicatechin <0.1 128.7 128.7

DP >3 0.9 33.6 34.5
Anthocyanins 2.2 — 2.2
Malvidin + glycosides 1.1 — 1.1
Others 1.1 — 1.1

Phenolic acids 13.5 4.7 18.2
Chlorogenic acid 9.8 — 9.8
Gallic acid 0.6 4.3 4.9
Others 3.1 0.4 3.5

Flavonols 4.3 0.2 4.5
Quercetin + glycosides 4.2 0.1 4.3
Others 0.1 0.1 0.2

Stilbenes (resveratrol) — 0.2 0.2

Totala 31.1 266.4 297.5

a Total phenolic intake was determined using the Folin–Ciocalteu
assay. BW: body weight, DP: polymerization degree. B: blueberry
extract, G: grape extract, BG: blueberry–grape extract.
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