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Why Is bear poop blue ?7?







Health effects have been attributed to phenolic compounds
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Blueberry Polyphenols

®m Anthocyanins Procyanidins ® Chlorogenic acid
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Rodrigues-Mateos et al. (2013) Amer. J. Clin Nutr. 98: 1179 .
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Bioavailability of polyphenols is very low

100 mg quercetin 0.3 - 0.7 pmol/l
150 mg catechin 0.1 pmol/i
200 mg hesperin 1.1 pumol/l
200 mg naringenin 6 pLmol/l

200 mg anthocyanin ~ 10 nmol/l

25 mg secoislariceresinol ~ 30 nmol/l




V-015 7 Pelargonidin 3-glucoside
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Residence time in the body is relatively short



Polyphenols are recognized by the body as
xenobiotics and are rapidly eliminated
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The Journal of Nutrition (‘\
Supplement: Antioxidant Activity of Polyphenols and Cardiovascular ASN
Risk—Application of the PASSCLAIM Criteria “L"’_“J

The Biological Relevance of Direct Antioxidant
Effects of Polyphenols for Cardiovascular
Health in Humans Is Not Established’™

Peter C. H. Hollman,” Aedin Cassidy,® Blandine Comte,” Marina Heinonen,® Myriam Richelle,’
Elke Richling,'® Mauro Serafini,"* Augustin Scalbert,” Helmut Sies,'* and Stéphane Vidry'**

@ 2011 American Society for Nutrition.
First published online March 30, 2011; doi:10.3945/n.110.131490.
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Our genome: the microbiome

ﬁaglre

[

/

4

Choosing the
hardware

{  OTHER
GENOME

A gene catalogue

SUPERCONDUCTORS ‘ "
Golng organic
NUCLEAR
PROLIFERATION
Ban laver uranium
enrichmen?

of the human gut
( \ microbiome
y \
» ™

NATURE2XONS
Dnrews oo thee fawone

COMPUTERS ( OUR
A

- l

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

Metagenomic analysis of the colon microbiome
10X more bacterial cells than our body
e 100 more genes than our own genome.
e 1.5-2.0 kg microorganisms
* 100 trillion bacteria in our gut...



Microbial degradation of polyphenols

Flavonols - Hydroxyphenyl acetic acid
Flavanones Hydroxyphenyl propionic acid
Flavanols .Phenyl valerolactone
Catechins - Hyppuric accid, Catecuic acid
Lignans Enterodiol
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Procyanidins
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Link between the microbiome and diabetes

(Esteves et al. 2011 Curr. Op. Clin. Nutr.)
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Evolution of inflammation associated chronic deseases
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Delzenne, N. M. et al. Nat. Rev. Endocrinol. 7, 639-646 (2011); published online 9 August 2011; doi;:10.1038/nrendo,2011.,126
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Gut microbiota and metabolic disorders: how prebiotic can work?

Nathalie M. Delzenne*, Audrey M. Neyrinck and Patrice D. Cani

British Journal of Nutrition (2013), 109, $81-585



Effect of polyphenols on gut microbes

Joumal of Applied Microbiology 2001, 90, 494-507

Antimicrobial properties of phenolic compounds from berries

R. Puupponen-Pimia’, L. Nohynek', C. Meier!, M. Kdhkénen? M. Heinonen?

A. Hopia®? and K.-M. Oksman-Caldentey’
"VTT Biotechnology, and University of Helsinki, Department of Applied Chemistry and Microbiology, Food

Chemistry Division, University of Helsinki, Finland

Table 6 Antimicrobial activity of selected pure phenolic compounds and berry extracts in liquid culture. () No inhibition: plate counts differ by <35 x 10!; (E) clear
inhibition: plate counts differ by 5 x 10'-5 x 10%; (H) strong inhibition: plate counts differ by 5 x 10°-5 x 10* (M) very strong inhibition: plate counts differ by >5 x 10% (OJ) not

tested
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Effect of polyphenols on gut microbes

Impact of polyphenols from black tea and red wine/grape juice on a gut
model microbiome

Robér A. Kemperman **', Gabriele Gross ™!, Stanilas Mondot €, Sam Possemiers °, Massimo Marzorati °,
Tom Van de Wiele ®, Joél Doré €, Elaine E. Vaughan ?

# Unilever RED, Olivier van Noortloan 120, 3133 AT, Viaardingen, The Netherlands
* Laboratory of Microbial Ecology and Technology (LabMET), Coupure Links 653, Ghent University, B-9000 Gent, Belzium
© Institut National de la Recherche Agronomigue, Unite Ecologie Physiologie Systeme Digestif, Batiment 440 - CRJ — INRA, 78352 Jouy-en-Josas, Cedex, France

Food Research International, 2013. DOI: 10.1016/j.foodres.2013.01.034
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The gut microbiota plays an essential role In

the low-grade inflammation
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Actinobacteria
Proteobacteﬂia
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Changes in
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" M Occludin

N 2 Anandamide
7 CB,R mRNA

Increased
Gut permeability

Patrice D. Cani,* Melania Osto, Lucie Geurts and Amandine Everard

Gut Microbes 3:4, 279-288; July/August 2012; © 2012 Landes Bioscience

Involvement of gut microbiota
in the development of low-grade inflammation
and type 2 diabetes associated with obesity



Gastrophénol Projet

INSTITUT SUR LA NUTRITION ET

Experimental design

MiceC57Bl6 N=12 per group
8 weeks of chow diet or HFHS

Yves Desjardins
André Marette

Denis Roy

Emile Levy
Stéphanie Dudonné
Geneviéeve Pilon
Sébastien Matamoros

Chow HFHS GoH\fcl;lse'
Gavage: vehicle Gavage: vehicle 300 m Crgnl:aerr
Drink: water Drink: water Drigk'Water 4
Weight gain Modulation of Bioavailability
Food intake microbiota
Gtt / It
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Downloaded from gut.bmj.com on August 4, 2014 - Published by group.bmj.com
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Gut microbiota

ORIGINAL ARTICLE

A polyphenol-rich cranberry extract protects from
diet-induced obesity, insulin resistance and intestinal
inflammation in association with increased
Akkermansia spp. population in the gut microbiota
of mice

Fernando F Anhé, "% Denis Roy,” Geneviéve Pilon,"# Stéphanie Dudonné,
Sébastien Matamoros,” Thibault V Varin,? Carole Garofalo, Quentin Moine,?
Yves Desjardins,” Emile Levy,>* André Marette'-?



Body Weight (g)

Effect of cranberry extract on Weight Gain
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Kcal

Effect of cranberry extract on Total Energy Intake
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Effect of cranberry extract on viceral adiposity
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Effect of cranberry extract on glucose and insulin

tolerance
ipITT OGTT
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Effect of cranberry extract on glucose and insulin
tolerance during OGTT
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Effect of cranberry extract on liver weight, triglycerides, lipid
peroxydation, plasma triglycerides and cholesterol
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Effect of a cranberry extract on hepatic steatosis
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Effect of cranberry extract on Intestinal inflammatory
reaction
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454 Pyroseguencing of the gut metagenome

« Analysis of the V6-V8 region of the
16S rRNA bacterial genes by high-
throughput pyrosequencing

Add PCR Micro-reactors
reagents and {
emulsion oil

Amplicon
pool

S
B§—'

PCR in 'water-in-oil’ |solate DNA

emulsion containingbeads o (~ 100,000 reads on 1/8 plate)

Load beads onto
PicoTiter™ plate

« 20 samples sequenced

* (Mice DNA was pooled for each
diet and each week)

£ Read flowgram
e Apfﬂ o . « A bar-code per sample allowed to
;"}/;Tip i o L ) assign the obtained sequences
Sulfurylase \“/ T T s
ot kb Luciferase Light + oxyluciferin

« 2566 sequences were obtained per
sample (after clean-up)



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

CHOW HFHS HFHS + cranberry
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Cross-talk between Akkermansia muciniphila and
intestinal epithelium controls diet-induced obesity

Amandine Everard?, Clara Belzer®, Lucie Geurts®, Janneke P. Ouwerkerk®, Céline Druart?®, Laure B. Bindels?, Yves Guiot¢,
Muriel Derrien®, Giulio G. Muccioli, Nathalie M. Delzenne?, Willem M. de Vos™®, and Patrice D. Cani®’

Metabolism and Nutrition Research Group, Walloon Excellence in Life sciences and BlOtechnology (WELBIO), Louvain Drug Research Institute, Université
catholique de Louvain, B-1200 Brussels, Belgium; PLaboratory of Microbiology, Wageningen University, 6703 HB, Wageningen, The Netherlands. “Department
of Pathology, Cliniques Universitaires Saint-Luc, Université catholique de Louvain, B-1200 Brussels, Belgium; “Bioanalysis and Pharmacology of Bioactive Lipids
Research Group, Louvain Drug Research Institute, Université catholique de Louvain, B-1200 Brussels, Belgium; and *Departments of Bacteriology and
Immunology and Veterinary Biosciences, University of Helsinki, 00014 Helsingin yliopisto, Helsinki, Finland

Edited* by Todd R. Klaenhammer, North Carolina State University, Raleigh, NC, and approved March 28, 2013 (received for review November 8, 2012)

Gut microbe may fight obesity and diabetes

Bacterium helps to regulate metabolism in mice. The Buzz About Akkermansia muciniphila: It’s More Than
Just Weight Loss

Brian Owens May 17, 2013 by Terri Sundquist

13 May 2013 ' 8.8 6 O 3 Votes

The bacterium Akkermansia
muciniphila is creating quite a stir in
science news, with people calling it the
“weight loss bacterium”. While it’s
exciting to think about a bacterium
that has the ability to reduce body
weight with no change in food intake,
there’s another reason to get excited:
The potential to treat obesity-related
metabolic disorders such as type-2




The ISME Journal (2012) 6, 1445-1458
© 2012 International Society for Microbial Ecology  All rights reserved 1751-7362/12

www.nature.com/isme;

WINOGRADSKY REVIEW
Microbes inside—from diversity to function:

the

Clara

case of Akkermansia

Belzer' and Willem M de Vos'#?

'Laboratory of Microbiology, Wageningen University, Wageningen, The Netherlands; *Department of
Veterinary Biosciences, Helsinki University, Helsinki, Finland; *Department of Bacteriology and Immunology,
Helsinki University, Helsinki, Finland
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Cross-talk between Akkermansia muciniphila and
intestinal epithelium controls diet-induced obesity
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Immunology and Veterinary Biosciences, University of Helsinki, 00014 Helsingin yliopisto, Helsinki, Finland
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Effect of cranberry extract on metabolic endotoxemia induced by
the HFHS diet

Plasma LPS

o O
» o

Plasma LPS (EU/mL)
o
N

o
o

N= 6 for the Chow, HFHS et HFHS + Cranberry
*n < 0.05 vs. Chow; **p < 0.05 vs. HFHS



Figure S3
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