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Health effects have been attributed to phenolic compounds
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Modulation of cellular 
signaling cascades
(Cancer, CVD, 
Diabetes, NDD)

Stimulation  of 
endogenous 
antioxidant network
(SOD, Catalases)

Induction of Phase 1 
and 2 enzymes

Interaction with cell 
cycle and induction 
of apoptosis

Reduction of inflammation 
in many tissues and organs
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⬇ Glucose tolerance

glucose

Modulation of cellular 
signaling cascades
(Cancer, CVD, 
Diabetes, NDD)

Stimulation  of 
endogenous 
antioxidant network
(SOD, Catalases)

Induction of Phase 1 
and 2 enzymes

Interaction with cell 
cycle and induction 
of apoptosis

Reduction of inflammation 
in many tissues and organs

⬇ CVD
⬇ LDL
⬆ Endothelial funct.

⬇⬇ cognitive 
decline

⬇ Metabolic syndrome   
biomarkers

⬇ Insulin resistance
⬇ Glucose tolerance

glucose

Preventive effect of berry polyphenols on cognitive decline

Letenneur et al., 2007

Low flavonoid intake
High flavonoid intake

Evolution of cognitive functions over 10 
years (men 65-70 years at baseline)

Berry / flavonoid 
intake: slower rates 
of cognitive decline 
and better cognitive 

function in
elderly

Krikorian et al., 2010

Verbal learning performance 
(12 weeks of Concord grape juice)

Memory performance 
(12 weeks of blueberry juice)

Krikorian et al., 2010

Formulation of the product

In vitro preclinical studies

In vivo preclinical studies
(mouse)

In vivo preclinical studies (dog)

Clinical trial

 France‐Canada collaborative project (2011‐2015)
 Academic institutions: phytochemistry,

neuroscience, psychology and nutrition
 Companies: active ingredients and food

supplements
 Development of a nutritional formulation of

blueberry and grape polyphenols with a beneficial
effect on cognitive decline in humans and pets

Neurophenols Research Consortium
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Neurophenols Research Consortium

Nutrition and Aging, 2015

‐ 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

‐ 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)

Placeb
o
n=98

6 months

24h 
urine

n=19
0 BG 

extract
n=92

CANTAB

Blood

Food 
records

Clinical trial

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



24/01/2019

5

PAL, total 
errors

adjusted

Placebo
n=98

BG
n=92

Placebo BG

-12

0

ns

PAL, total errors
adjusted

Change from
baseline

Effect of BG extract on whole cohort

Baseline Baseline 6 months6 months

Mi
n

Ma
x

Metabolit
es

Urine 
sample

0
40

00

0
20

00
0

0
25

00

0
20

00

0
20

00
0

0
40

P BG

hydroxyphenyl
- -valerolactone

##

P BG

dihydroxyphenyl
- -valerolactone

##

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

## p<0.0001 vs P

Biomarkers of BG consumption: targeted metabolomic analysis
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Age
Cognitive age (PAL)

Baseline 65 83

6 months 65 69

PAL, total 
errors

adjusted

Place
bo
n=22

BG
n=25

PAL, total errors
adjusted

Change from baseline

Effect of BG extract on decliners

⬇�Cholesterol
⬇�TG

⬆�Immunity

⬆�Genes activation

⬇ �low-grade
inflammation

PolyphenolsPolyphenols

Physiological
Activities

HEALTH
(5%)

Phase I & II
Metabolites

Chemical cues about the qualityof the diet

Resveratrol/Quercetin/Ferulic acid

High nM/low µM

(95%)

Gut MicrobiotaGut Microbiota

mM

Anti-microbial
Quorum 
sensing

Ion-binding
Aggregation

Modified ecology
Defensins

⬆�Nutrient processing

⬆�Mucus production

Rapidly
Excreted

Antioxidant

Adapted from  Backehed et al. Science 307, 1915‐1920.

Our genome: the microbiome

The hidden organ
•  1.5-2.0 kg microorganisms
• 100 trillion bacteria in our gut…

Rob Knight, Follow your gut, 2017
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99 % +
Bacterial genes Getting to know your Gut Microbiota

Source: www.gutmicrobiotaforhealth.com

Obesity
Zhernakova et al. Science, 2016 

Factors associated with Interindividual variation of the gut microbiome
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A substrate that is selectively utilized by 
host micro organisms conferring a health 
benefit.
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CHOW HFHS

Evolution of the gut microbiota under a HFHS diet or a 
diet supplemented with cranberry extract. 

HFHS + cranberry

Western Diet
↑Trans Fats
↓Fibres

↑ Emulsifying agents

Mucin resident bacteria
Akkermansia

Adapted from Nature, 518 (7540), S9

LPS

↑ Low grade systemic
Inflammation

Polyphenols

↑ Chronic diseases

Disrupted
Tight Junction

Opportunist microbes and toxins

Reduced 
Mucous layer

Prebiotic-like
effect

More and more evidences point to the fact that polyphenols have a 
prebiotic action and particularly stimulate Akkermancia municiphila

Apples

Pomegranate

Concord 
Grapes

Table 
Grapes

Rhubarb

Cranberry

Lingonberry

2017

2016

2015

2015

2015

2017Anthraquinone

2016

Caffeic acid
2016
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Exploration of Nordic Ressources
2015, 44:214‐224.

Arctic fruits

Cloudberrry
(CLE)

Alpine Bearberry
(ABE)

Lingonberrry
(LGE)

Crowberry
(CRB)

Bog blueberry
(BBE)

Tannins
38%

Tannins
42 %

Tannins
50%

Ellagitannins Procyanidins Anthocyanins Phenolic acids Flavonols/Flavanols
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Research Chair

⬆ �Satiety hormones
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