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Dimmi cosa fa il tuo
microbiota e ti diro chi sei!

Un esempio di nutrizione di precisione

Daniele Del Rio

Universita di Parma
Fondazione OnFoods
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SCIENCE TALK

Complex ideas, made simple
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Il microbiota intestinale € la comunita di microrganismi,
principalmente batteri, ma anche archei, virus e funghi, che
vivono nel tratto gastrointestinale, in particolare nel colon. Come
ecosistema, aiutano a scomporre composti altrimenti indigeribli
(la fibra), producono metaboliti, modellano lo sviluppo
immunitario e la funzione della barriera intestinale e forniscono
resistenza contro i patogeni. La sua composizione e attivita
variano tra le persone e nel tempo, influenzate da fattori come
eta, dieta, farmaci (ad esempio antibiotici) e malattie, ma anche
In funzione della genetica dell’'ospite. Le alterazioni di questo
equilibrio sono associate a diversi disturbi.



WHAT IS
PRECISION NUTRITION?




La nutrizione di precisione € un approccio basato
sull’evidenza scientifica che personalizza le
raccomandazioni nutrizionali in base alla
composizione genetica unica, al metabolismo, al
microbiota, allo stile di vita e allo stato di salute di
ciascuno, al fine di ottimizzare i risultati per la
salute.

Personalizza I'alimentazione a livello molecolare e
metabolico!



Precision nutrition
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Nutrizione di precisione (esempi?)

Personalized Nutrtion by Prediction medicine s
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What Are Polyphenols?

OH

HO 5
0




— REEYOII S —]

2
o
=
()]

(o
o

—

>
(0]

o

~

Non

Flavonoids

A. Flavones




DIETARY POLYPHENOLS

Protective health contexts

Cardiovascular Cerebrovascular

Diabetes Neurodegenerative Cancer



Phenolic compounds: human metabolism and bioavailability

(Poly)phenol intake Ingestion Gut microbiota catabolism:
_ . - hydrolysis
,’\7 Oral cavity - ring fission (A/Crings) @l 4
| Esophageal and - demethylation W Nicole Tosi
Esophagus Sl - dehydroxylation icole 1os|

astric transit: . .
& - oxidation of the lateral chain

stabilit .
_ ¥ - reduction of double bonds
Kidney . - isomerization
‘ Stomach - decarboxylation
Pancreas
LPH, CBG, MRP2/3,
P-gp, BCRP, GLUT2 SULTs, UGTs, AR
Deglycosylation + Structurally-related comMt
, :
Small intestine absorption (<5%) (poly)phenol metabolites Human ph.ase Il
metabolism
: . Microbial catabolism
Large intestine : ing-fissi i
g + absorption — _ Ring-fission catabolites ‘q
) Target cells
E i f undi d/
xcretion ot unaigeste OATs. OATPs

Rectum . 2 . -

o E‘. unabsorbed compounds % MRPs Renal excretion of Ej
Anus phenolic metabolites

Crozier et al., Molecular Aspects of Medicine. 2010

UNIVERSITA
DI PARMA

Liu et al., Current Pharmacology Reports. 2017
Manach et al., The American Journal of Clinical Nutrition. 2004




300 g of strawberries or 100 ml of
pomegranate juice allow the administration
of approx 140 pmol of ellagic acid and

ellagitannins

Ellagic acid, obtained by basic hydrolysis of
ET oL 5

of gastric is
\in plasma at Cmax 0.06 uM, AUC 0.17
pmol*h/L

Ellagic acid disappears from plasma. The amount
unabsorbed in the small intestine enters the large
intestine where is biotransformed by resident
colonic microfiora
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Urolithin M5. First step of microbial
';rearungement of ellagic acid.

!

Urolithin D

|
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The colonic microflora produces four
different urolithins by a fixed order. Urolithin
D appears first, is modified to Urolithin C,
then to A and finally to Urolithin B.

Urolithin C

—~—

Urolithin A

Y
X

. Lageintestine b

L ithi can be gl d dor
methylated by Phase | and Phase Il enzymes Jpemet e Sty
in the liver - \

All reports highlight a great i
variability, likely due to different microfloras.
Total urinary excretion of ET-metabolites
may range from 1 to 53%

Urolithin B 3-O-Glucuronide




Flavan-3-ols?






lower unit

(2S)-1-(2' 4' 6-trihydroxyphenyl)
32" 4" 6"-tnhydroxyphenyl)-propan-2-ol

543" 4'-dhydroxyphenyljvaleric acid
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v 343" 4-ahydroxyphenyl)proplonic acid

2-(¥ 4'-dihydroxyphenyl) 3. 4-dhydroxybenzoic ackd



Ellagitannins?
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Gut microbiota; central biotransformer
of dietary polyphenols

2 Smaller
catabolites
Dietar \ Phenolic acids
polyphe|¥ols reach Urolithins
colon WJ)
Systemic
,/' circulation
——’
Phase Il @
metabolism:
l idati ) . 2 . - : il
= u;z{?aTioﬁ i Microbial transformations enable Beneficial bioactivity

methylation host metabolism and bioactivity



Are polyphenol metabolites
bioactive?




Urinary tract infections

Bladder
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Journal of Functional Foods

journal homepage: www.elsevier.com/locate/jif

5-(3",4'-Dihydroxyphenyl)-y-valerolactone and its sulphate conjugates,
representative circulating metabolites of flavan-3-ols, exhibit
anti-adhesive activity against uropathogenic Escherichia coli in bladder
epithelial cells

Pedro Mena ™', Dolores Gonzilez de Llano ™', Nicoletta Brindani ‘, Adelaida Esteban-Fernindez °,
Claudio Curti‘, Maria Victoria Moreno-Arribas ”, Daniele Del Rio**, Begoita Bartolomé ™

Acting Post-Doc (now Associate
Professor!): Dr. Pedro Mena

Table 1
Inhibition (%) of the adherence of E. coli ATCC* 53503™ to bladder epithelial cells by dihydroxyphenyl-y-valerolactones.

Compound Concentration (uM)

10 50 100
5-(3’.4'-Dihydroxyphenyl)-y-valerolactone 6.79£3.92 995 +8.28 19.4+103
5-Phenyl-y-valerolactone-3',4' -di-O-sulphate -0.22 £0.71 14715 303+36
5-(4’-Hydroxyphenyl)-y-valerolactone-3'-0-sulphate 119£1.7 10.2+39 222+59"
5-(3'-Hydroxyphenyl)-y-valerolactone-4'-0-sulphate 10.143.1 16.1 £6.1° 24.2+3.1°

" Mean significantly different from zero (p < 0.05) using one-sample (-test.
™ Mean significantly different from zero (p < 0.01) using one-sample -test.

To sum up: Light on the flavan-3-ol metabolites behind the prophylactic effect of cranberries against UTI




DIABETES COMPLICATIONS

Cerebrovascular
disease

Retinopathy
and Blindness

Permanent Heart attack

kidney damage

Infections Neuropathy

Diabetic Foot ) / Peripheral




Hemodynamic
measurements’




9000
8000
7000
6000
5000
4000
3000
2000
1000 —

Results: Hemodynamic measurements (Contraction rate)

Maximum rate of ventricular pressure rise

+dP/dt (mmHg/s)

#
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IVCT (s)

9000
8000
7000
6000
5000
4000
3000
2000
1000

Maximum rate of ventricular pressure reduction
-dP/dt (mmHg/s)
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Contraction-Relaxation time (s)
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Cardiomyocytes isolation, cell mechanics




Results: Cell mechanics

Mean diastolic sarcomere length (um) Fraction of Shortening (%)
2 8 -
o s 77 T [] CTRL (n=66)
1 ®] [l D3 (n=91)
1.2 5 D3_UA (n=100)
1] 4 D3_UB (n=102)
08 - 3 -]
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Polifenoli & nutrizione di precisione?

Metabotyping
classificazione di individui in
sottogruppi in base al loro
profilo metabolico
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Isoflavones
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(Poly)phenols & metabotypes

Isoflavones Ellagitannins Lignans Prenylflavonoids
o =<
HO o : ud : ' 0
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% :.4
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Phase Il metabolites, Phenyl-y-valerolactones Dihydro-avenanthramides Lunularin
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Clustering according to urolithin metabotype explains
the interindividual variability in the improvement of
cardiovascular risk biomarkers in overweight-obese
individuals consuming pomegranate: A randomized
clinical trial Mol. Nutr. Food Res. 61, 5, 2017, 1600830

|
RN
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Cesarettin Alasalvar?, Asim Orem?, Pilar Zafrilla*, Francisco A. Tomé&s-Barberan’,
Maria V. Selma’ and Juan Carlos Espin’
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Potremmo trovarci di
fronte a un caso di
«paradosso di
Simpson»?
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Nuove ricerche in corso

What'’s bresso I'Unita di
new? Nutrizione Umana

dell'Universita di Parma...
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Oral (Poly)phenol Challenge Test (OPCT)

Blueberry. ‘

Tablet A

@ picatechin-3\0-

gallate-(4>2)-

phloroglucinol (epi)catechin (35%)
(21%)

epicatechin-(4>7)-
phloroglucinol (24%)epi)catechin-3-
O-gallate (20%)

Tablet B

(epi)gallocatechin-

3-0-gallate (43%) epicatechin-(4 >2)-
phloroglucinol (1.3%)

(epi)catechin—3 epigallocatechin-

(4->2)-phloroglucinol
O-gallate (49%) (0.7%)

(epi)catechin (1.9%)
(epi)gallocatechin
(4.3%)

- Soybean

Resvera-
trol
Black
tea

Gallic
acid

Hop

Resvera-

trol

flavins

Gallic

Prenyl-
lavonoid

Cristiano
Negro

Vicente
Agullé

José F. Rinaldi
de Alvarenga

Bianca
Romanelli
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Oral (Poly)phenol Challenge Test (OPCT)

——— Determining (poly)phenol metabolites Burgo  Negro de Alvarenga

24 h
% Spot urine in fasting conditions

P Option A 436 compounds monitored

HYBRID LC-MS-based Targeted /\

Metabolomics Approach

23 new unusual 236 metabolites

Em— phase Il conjugated identified and quantified,

™
/]

208 final data set

Glycine

/

LC-IMS-qToF-HRMS LC-QqQ-MS/MS




Oral (Poly)phenol Challenge Test (OPCT)

|
24 h
% Spot urine in fasting conditions
® Option A

Benzene derivatives
38

Benzoic acids
32

Determining (poly)phenol metabolites Burgo  Negro

Phenylpropanoic acids
23

Phenyl-gamma-
valerolactones
22

Cinnamic acids Phenylacetic acids
19 17

Flavanones
]

Isoflavones
13

Tyrosols or Hippuric
secoiridoids acids

Mandelic acids
6

5
Flavon | Phenyl
Benza | Ellagit 2 ylic...
ldehy | annin
Phenyllact | Flav

Phenylvaleric acids | Stilbenes
12 6

Cristina del Cristiano José F. Rinaldi
de Alvarenga

o~

236 metabolites
identified and quantified,
208 final data set
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Precision nutrition to improve cardiometabolic health with
dietary (poly)phenols (PRE-CARE- )

Multi-omics
approach
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Precision nutrition to improve cardiometabolic health with
dietary (poly)phenols (PRE-CARE- )

Joana Rebelo

M. Sole Morandini

Sharon Zaffuto

Elisa Monica

Adults at
cardiometabolic risk
(n = 500)

U
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N=165 g www*
7 e Metabotype

- AF
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Metabotype X, treatment, + 50% (poly)phenol intake
(n=110) I

(e) —

Metabotype X, control
(n=55)

Metabotype Y, treatment, + 50% (poly)phenol intake

Metabotype
Y

>0

(n=110)
> V5
'
U
A

Metabotype Y, control
(n =55)

Targeted
enrollment

Observational phase
(8 weeks)

v

Experimental phase
(16 weeks)






In conclusion:

 In base alla capacita del microbiota intestinale di trasformare i
polifenoli alimentari, un soggetto potrebbe ottenere maggiori o minori
benefici da alimenti vegetali specifici (e dai loro derivati);

e Questa differenza potrebbe dipendere da fattori aggiuntivi...

e Questa condizione potrebbe non essere stabile, ma cambiare nel
tempo e in funzione della dieta;

e E complicato! Ma molto interessante!
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