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EVIDENZE IN VIVOEVIDENZE IN VIVO



PROTEZIONE 
CARDIOVASCOLARE

PROTEZIONE 
CARDIOVASCOLARE





Healthy subjects (n = 16)
300 mL hFCD

(917 mg flavanols)



Taubert et al. JAMA 2007

Healthy subjects (n = 44)
56-73 years

6.3 g DC or WC
(30 mg flavanols)

18 weekscc



Taubert et al. JAMA 2007



EFFETTO SULLA 
VASODILATAZIONE ENDOTELIALE

EFFETTO SULLA 
VASODILATAZIONE ENDOTELIALE



EFFETTO SULL’AGGREGAZIONE 
PIASTRINICA

EFFETTO SULL’AGGREGAZIONE 
PIASTRINICA



Flammer et al. Circulation 2007

STUDY DESIGNSTUDY DESIGN



*

*



Coronary Artery Diameter before and 
2 hours after chocolate ingestion
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Placebo Dark Chocolate
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Platelet aggregation before and 
2 hours after chocolate ingestion



Consumer Awareness





“The antioxidant capacity in each bottle of 
FUZE White and Green Tea is equal to 3 
servings of vegetables…” based on ORAC





GREEN TEA
DOSE-RESPONSE STUDY

GREEN TEA
DOSE-RESPONSE STUDY

SUBJECTS

Fifteen healthy volunteers Fifteen healthy volunteers 

(25.8 (25.8 ±± 4.8 y, 7 M 8 W)4.8 y, 7 M 8 W)

NonNon--smokers,smokers, normolipidemicnormolipidemic

No drug or vitamin supplementsNo drug or vitamin supplements



STUDY DESIGN

GTFT 1.4 g/L
(500 mL)

Group A (n = 4)

Blood sampling (0, 0.5, 1, 2 and 4 h)

14 Days wash-out

Phases 4

GTFT 1.6 g/L
(500 mL)

Group B (n = 4)

GTFT 1.8 g/L
(500 mL)

Group C (n = 4)

GTFT 2.0 g/L
(500 mL)

Group D (n = 3)



Antioxidant 
composition (mg/L) of 
green tea (GTFT) with 
different amount of tea 

solids

1.4 g/L 1.6 g/L 1.8 g/L 2.0 g/L

Vitamin C 213 207 211 201

Gallic acid 0.6 0.7 0.8 0.9

5-Galloylquinic acid 12.9 14.9 17 19.2

Gallocatechin 21.3 24.8 27.9 31.5

Epigallocatechin 129.7 151 171.3 196.9

Epicatechin 31.9 36.9 43.2 47.7

Epigallocatechin-3-gallate 236.1 274.5 312.5 353.9

Catechin gallate 0.7 0.8 0.9 1.1

Epicatechin-3-gallate 42.5 49.5 57.3 65.1

Gallocatechin gallate 2.0 2.1 2.4 2.7

5-Caffeoylquinic acid 2.4 2.8 3.3 3.8

Quercetin rhamnosyl galactoside 2.0 2.3 2.5 3.0

Quercetin-3-rutinoside 3.3 3.7 4.2 4.8

Quercetin-3-galactoside 2.2 2.5 2.9 3.2

Quercetin-hexose-rhamnose- rhamnose 1.7 1.7 2.0 2.4

Kaempferol- rhamnose-hexose- rhamnose 3.8 3.8 4.5 5.6

Kaempferol-Galactoside and Kaempferol-3-rutinoside 2.8 3.1 3.7 4.0

Kaempferol-3-glucoside 2.0 1.5 1.6 1.9

Theaflavin 0.8 0.9 1.0 1.3

Total phenolics 495.9 575.1 656.4 745.8

FRAP** 15.5 17.2 18.6 19.8

TRAP* 6.0 6.7 7.3 7.6
* mmol/L

** mmol Fe2+/L 



Effects of green teas (GTFT) ingestion on markers of 
plasma antioxidant status

1.4 g/L          1.6 g/L          1.8 g/L          2.0 g/L

**

**

**

**

*

**

‐30

‐20

‐10

0

10

20

30

40

50

60

∆
 F
R
A
P
 (
µ
M
Fe
+
2
)

0,5 h

1 h

2 h

4 h

1.4 g/L           1.6 g/L          1.8 g/L          2.0 g/L

*
**

*
*
**

‐100

‐50

0

50

100

150

∆
 T
R
A
P
 (
µ
M
)

0,5 h

1 h

2 h

4 h
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R = 0.78



Acute supplementation studiesAcute supplementation studies

TeaTea ((Sung etSung et al.al. EurEur JJ Clin NutrClin Nutr 2000)2000)

WineWine ((Maxwell etMaxwell et al.al. LancetLancet 1994)1994)

AlcoholAlcohol--freefree winewine (Serafini(Serafini etet al. Jal. J NutrNutr 1998)1998)

ChocolateChocolate ((Richelle etRichelle et al.al. EurEur JJ Clin NutrClin Nutr 1998)1998)

OnionOnion ((Mc Anlis etMc Anlis et al.al. EurEur JJ Clin NutrClin Nutr 1999)1999)

BeerBeer ((Ghiselli etGhiselli et al. Jal. J Nutr BiochemNutr Biochem 2000)2000)

WhiskyWhisky ((Duthie etDuthie et al.al. EurEur JJ Clin NutrClin Nutr 1998)1998)

Grape juiceGrape juice (Day(Day etet al.al. Ann Nutr MetabAnn Nutr Metab 1997)1997)

BlueberryBlueberry ((Pedersen etPedersen et al.al. EurEur JJ Clin NutrClin Nutr 2000)2000)





+ 82% 

Antioxidant efficiency: acute and chronic studies



Overview of human intervention studies (1): teaOverview of human intervention studies (1): tea

daysdays NN°° TACTAC PPPP levelslevels RefRef
BTBT 2828 50 50 ↑↑ ↑↑ Duffy 2001 Duffy 2001 
BTBT 11 99 ↑↑ ↑↑ KyleKyle 20072007
BTBT 11 88 ↑↑ LangleyLangley--Evans 2000Evans 2000
BTBT 11 1010 ↔↔ Maxwell 1996Maxwell 1996
BTBT 2828 1010 ↔↔ McAnlisMcAnlis 19981998
BTBT 2828 4444 ↔↔ ↑↑ WidlanskyWidlansky 2005 2005 

BT, GT BT, GT 11 1010 ↑↑ SerafiniSerafini 19961996
BT, GT BT, GT 11 2020 ↑↑ ↑↑ Hodgson 2000Hodgson 2000

BT, GT, GTEBT, GT, GTE 11 3030 ↑↑ Henning 2004Henning 2004
GT GT 11 1010 ↑↑ ↑↑ BenzieBenzie 1999 1999 
GTGT 4545 100100 ↑↑ BertipagliaBertipaglia dede SantanaSantana 20082008
GTGT 2424 4242 ↑↑ ↔↔ Erba 2005 Erba 2005 
GT GT 77 14 14 ↑↑ ↑↑ PanzaPanza 2008 2008 
GTGT 11 1010 ↑↑ Sung 2000 Sung 2000 



Overview of human intervention studies (2): wineOverview of human intervention studies (2): wine

daysdays NN°° TACTAC PPPP levelslevels RefRef
RW RW 11 1010 ↑↑ AlbertiAlberti--Fidanza 2003 Fidanza 2003 
RW RW 11 8 8 ↑↑ CaoCao 1998 1998 
RWRW 11 9 9 ↑↑ ↑↑ Duthie 1998 Duthie 1998 
RW RW 11 88 ↑↑ FernandezFernandez--PachonPachon 20052005
RWRW 11 55 ↑↑ ↑↑ SimonettiSimonetti 2001 2001 
RWRW 77 88 ↑↑ ↔↔ OtaolaurruchiOtaolaurruchi 2007 2007 
RWRW 2121 1111 ↔↔ Van der Gaag 2000 Van der Gaag 2000 

RW DRW RW DRW 11 45 45 ↑↑ ModunModun 20082008
RW, DRW RW, DRW 11 1818 ↔↔ ↑↑ ArendtArendt 20052005
RW, DRWRW, DRW 11 1010 ↑↑ ↑↑ SerafiniSerafini 19981998

WW 11 66 ↑↑ Day 1995 Day 1995 
RW, DRW RW, DRW 4242 5050 ↔↔ ArendtArendt 20052005



BIOAVAILABILITY BIOAVAILABILITY 
AND METABOLISM AND METABOLISM 

Adapted from Spencer 2003. J. Nutr. 133: 3255S-3261S, 

Dietary flavonoid

Stomach
Oligomeric flavonoids

Monomeric units

Jejunum 

Ileum 

Colon 

A-ring glucuronides
O-methylated glucuronides

O-methylated 

aglycone 

Flavonoid Phenolic acids 

Gut microflora 

Portal 
vein Liver  

Further 
metabolism 

O-methylated  

Sulphates  
Glucuronides   

Tissues

Kidney

Blood

Urine

Secretory structures
(sweat, milk, saliva, tears)



Exact nature of the major circulating metabolites

Nature of the circulating metabolites

Day et al. 2001
Quercetin 3-O-glucuronide

3 ’-O-methylquercetin 3-O-glucuronide
3 ’-O-sulfate
diglucuronide

Natsume et al. 2003
Epicatechin 3’-O-glucuronide

4 ’-O-methylepicatechin-O-glucuronide
4 ’-O-methylepicatechin 3 ’-O-glucuronide
aglycones

Doerge et al., 2000

Daidzein
Genistein

7-O-glucuronides
4 ’-O-glucuronides

OOH

O H O

O H

OH

O H

3’

4’
3

5

7

Anthocyanins From strawberry From strawberry Pelargonidin 3-O-glucoside
Pelargonidin-glucuronides

From blackberryFrom blackberry Cyanidin 3-O-glucoside
Cyanidin 3-O-xyloside
Peonidin 3-O-glucoside
Peonidin 3-O-xyloside

Felgines et al., J. Nutr.
2003

Felgines et al., 2005
(submitted)

No intact glycosides in plasma, except for anthocyanins/EGCG



Koga et al. AJCN 2001



Methyl-(-)-epicatechin sulphate

0 5 10 15 20 25 30

0.0

0.1

0.2

0.3

0.4

0.5
(-)-Epicatechin sulphate

0 5 10 15 20 25 30

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

(-)-Epicatechin glucuronide

Time (h)
0 5 10 15 20 25 30

C
on

c.
 (µ

M
)

0.0

0.1

0.2

0.3

0.4

0.5

C
on

c.
 (µ

M
)

C
on

c.
 (µ

M
)

(-)-Epigallocatechin glucuronide

Time (h)
0 5 10 15 20 25 30

0.0

0.2

0.4

0.6

0.8

1.0

C
on

c.
 (µ

M
)

Polyphenols in
our diet 

are not always
the most

active in the body

Appearance of catechin metabolites in plasma after the ingestion 
of 250 mL green tea by human volunteers

Zini et al. Nutr Neurosc 2006

Active metabolitesActive metabolites

Biological activity 
depends 

on concentration 
and

structure of metabolites 1.8 μM
metabolites

concentration
Parallel increase 
of plasma TAC

~ 31 μM



1.1 %

0.2 % 

0.5% 

% of absorption
in vivo

Cumaric acid
7300 μg/250 g

Caffeic acid
31700 μg/250 g

Quercetin
12700 μg/250 g

Vitamin C
26.7 mg/250 g

49 % 

In Vitro values

From: Serafini et al. BJN 2003



18.200 μmol TAC
(100 g)

3.930 μmol TAC
(200 g)

1.150 μmol TAC
(250 g)

+ 20% 

+ 12% 

TAC in Vitro in Vivo increase

690 μmol TAC
(80 g)

No changes 

183.2 

19.6 

4.6

8.6

TAC Ingested 

+ 50% 



IS THE ANTIOXIDANT 
NETWORK REGULATED?

IS THE ANTIOXIDANT 
NETWORK REGULATED?



Are antioxidants mobilized in response 
to oxidative stress?

Are antioxidants mobilized in response 
to oxidative stress?

Elsayed  Nutrition, 2001



Risk of gastric cancer among smokers and
never smokers in relation to TAC of

consumed fruit and vegetables

Risk of gastric cancer among smokers and
never smokers in relation to TAC of

consumed fruit and vegetables

TRAPTRAP SmokersSmokers > 30 yrs> 30 yrs NeverNever--smokerssmokers

((μμMTEMTE)) CasesCases OR (95% CI) OR (95% CI) CasesCases OR (95% CI)OR (95% CI)

4949−−819819 9494 1.0 (Ref.) 1.0 (Ref.) 4545 0.56 (0.350.56 (0.35--0.90)0.90)

820820−−10151015 68  68  0.68 (0.450.68 (0.45--1.02)1.02) 4545 0.48 (0.300.48 (0.30--0.76) 0.76) 

10161016--1327               1327               5151 0.56 (0.360.56 (0.36--0.86)0.86) 4242 0.46 (0.290.46 (0.29--0.73)0.73)

13281328--3413               3413               5555 0.52 (0.340.52 (0.34--0.80)0.80) 4040 0.44 (0.270.44 (0.27--0.71)0.71)

PP value forvalue for trend 0.000. trend 0.000. 
OR and 95% CIOR and 95% CI adjusted for ageadjusted for age, sex, BMI,, sex, BMI, salt intakesalt intake, total, total caloriescalories andand numbernumber ofof mealsmeals per day.per day.

From: Serafini et al. Gastroenterology 2002



Crude and adjusted odds ratios (OR) for 
risk of breast cancer associated with serum

TAC

Crude and adjusted odds ratios (OR) for 
risk of breast cancer associated with serum

TAC

TACTAC CasesCases ControlsControls Crude ORCrude OR Adjusted ORAdjusted OR11

((mmolmmol/L)/L) nn n  n  OR (95% CI)                     OR (95% CI)OR (95% CI)                     OR (95% CI)

≤≤ 1.171.17 4545 2424 1.00 1.00 1.00 1.00 

1.17 1.17 -- 1.241.24 36  36  3232 0.60 (0.300.60 (0.30--1.16) 1.16) 0.52 (0.260.52 (0.26--1.03) 1.03) 

1.24 1.24 –– 1.31               1.31               3636 4040 0.48 (0.240.48 (0.24--0.93) 0.93) 0.41 (0.200.41 (0.20--0.82) 0.82) 

≥≥ 1.31               1.31               3333 4747 0.45 (0.230.45 (0.23--0.88) 0.88) 0.47 (0.240.47 (0.24--0.94) 0.94) 

Test for trendTest for trend P = 0.030P = 0.030

11OR and 95% CIOR and 95% CI adjusted for ageadjusted for age atat menarchemenarche,, parityparity,, alcohol intakealcohol intake and totaland total fat intakefat intake..

From: Ching et al. J Nutr 2002



396 non smokers
randomized to 1g/d 

Vitamin C, 800 IU/d 
Vitamin E or placebo 

for two months



Sevilla (3)

Malaga (1)

Barcelona (4)
Reus (1)

Valencia (1) Mallorca (1)

Pamplona (1)
Alaba (1)

Madrid (3)

16 centers

- Large - Multicenter
- Randomized - Controlled

STUDY TYPE:

PREDIMED STUDY
EFECTS OF MEDITERRANEAN DIET IN THE PRIMARY 
PREVENTION OF THE CARDIOVASCULAR DISEASE



PREDIMED STUDY

LOW-FAT
DIET

N=3000
Mediterranean diet
+ virgin olive oil 

(1L/week)

N=3000
Mediterranean diet

+ nuts (30g/d)

N=3000
American Heart

Association guidelines

4 years



PREDIMED STUDY

INCLUSION CRITERIA
• ♂ 55-80 years
• ♀ 60-80 years

3 risk factors:
• Diabetes type II
• Current smoking

• Hypertension
• BMI >25

• High LDL, cholesterol,...
• Family history of premature CHD

EXCLUSION CRITERIA

•Any severe chronic illness
• AIDS

• Drug or alcohol addiction
• Allergy or intolerances to nuts or oil



FRAP (μmol/L)FRAP (μmol/L)

985,40

951,40

969,70

963,50

999,30

1023,50

1018,60

1020,30

Control (n=184)

Nuts (n=100)

Olive oil (n=195)

Med. Diet (n=295)

1 year
Base line

***

***

***



TRAP (μmol/L)TRAP (μmol/L)

1409,11

1396,06

1396,50

1396,38

1406,45

1441,05

1426,90

1431,70 

Control (n=184)

Nuts (n=100)

Olive oil (n=195)

Med. Diet (n=295)

1 Year
Base-Line

*

**

P < 0.06
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Uric acid: friend or foe?Uric acid: friend or foe?



Shi et al. Nature 425, 2003 Heath et al. Nature 425, 2003 



URIC ACID AND HEALTH: AN 
ONGOING DEBATE

URIC ACID AND HEALTH: AN 
ONGOING DEBATE

“We need a better 
understanding of the

biologic role of uric acid: 
although may have

proinflammatory effects, 
it can also function as 

antioxidants”

“it remains possible that 
uric acid may have a 

variety of as yet 
incompletely defined 

actions in cardiovascular 
disease”



TAC AND DISEASE 
PREVENTION

TAC AND DISEASE 
PREVENTION



TAC and disease (1)TAC and disease (1)

Vassalle et al. J Int Med 2004 Demirbag et al. 2006



Videla et al. 2004Koutroubakis et al. 2004

TAC and disease (2)TAC and disease (2)



Reference Biological 
fluid 

TAC Method Type of 
cancer

Cancer 
patients

Healthy 
subjects

p

Erhola et al, 
1997

Plasma TRAP 
(µmol/L)

Lung 1143 ± 181
(n = 57)

1273 ± 199
(n = 76)

<0.01

Di Giacomo et 
al, 2003

Plasma NPAC  
(%) 

Colon 55
(n = 54)

90
(n = 20)

<0.001

Erten Sener et 
al, 2006

Serum TEAC 
(mmol/L) 

Breast 2.01 ± 0.01 
(n = 56)

2.07 ± 0.03
(n = 18)

< 0.05

Lee et al, 2005 Plasma TEAC 
(mmol/L) 

CIN 1.15 ± 0.17
(n = 58)

1.25 ± 0.15 
(n = 86)

< 0.05

Ching et al, 
2002

Serum TEAC 
(mmol/L)

Breast OR 0.47 (II°Q 
TAC)

(n = 153)

(n = 151) < 0.05

Liu et al, 2003 Plasma TAC 
(U/mL)

Lung
Breast

Thyroid

8.41 ± 1.78
(n = 28)

10.52 ± 1.64 
(n = 33)

< 0.001

Mantovani et 
al, 2002

Serum TEAC 
(mmol/L)

Tumors at
different 

sites

1.30 ± 0.03 
(n = 82)

1.10 ± 0.08
(n = 36)

n.s.



Franzoni et al. 2005

Ageing, physical exercise and TACAgeing, physical exercise and TAC



Kalani et al. 2006

Caloric restrictionCaloric restriction



Gastric cancer risk 
and dietary TAC.

Gastric cancer risk 
and dietary TAC.

Serafini et al. 2002



3434 vegetablesvegetables (V), 30(V), 30
fruitsfruits (F), 34(F), 34 beveragesbeverages
(B), 11(B), 11 spicesspices (S), 11(S), 11 nutsnuts
andand fruit driedfruit dried (NF) 5(NF) 5
pulsespulses (P) 16(P) 16 cerealscereals (C) (C) 
and 6and 6 vegetables oilsvegetables oils (VO)(VO)
have been analyzed usinghave been analyzed using 33
assaysassays: TRAP, FRAP and : TRAP, FRAP and 
TEAC inTEAC in order toorder to take in take in 
accountaccount different different 
antioxidant mechanismsantioxidant mechanisms

How we can assess dietary intake of total
antioxidant capacity in human?

How we can assess dietary intake of total
antioxidant capacity in human?

Pellegrini et al. J. Nutrition 2003
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Serafini et al. Nutr & Cancer 2007
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41.358 subjects, 
6.5 years follow-up
Age: 30-69 years
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The overall aim is the 
development of a 

nutrition monitoring tool 
that could assist the 

formulation, 
implementation and 

evaluation of nutritional 
policies across Europe.

The DAFNE databank is 
based on information 

collected 
in the context of 

household budget 
surveys. 

The methodology 
followed is uniform 

enough to 
allow between countries 

comparisons.
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Mediterranean diet and plasma TAC 
(ATTICA study)

Mediterranean diet and plasma TAC 
(ATTICA study)

Pitsavos et al. AJCN 2005

TAC was positively 
correlated with 

the intake of fruit, 
vegetables, olive oils



REDOX 

UNDERSTANDING THE 
“REDOX MAN”

UNDERSTANDING THE 
“REDOX MAN”

GenesROS

A
ox

???
Inflam

Stress
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Hormones

Physical activity

Environment

Ageing

Dietary factors








