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Plasma concentration of catechins after

Plasma epicatechin (nmolA.)

0 s 4 e 8 10 12 14 16 18 20 22

Time (h)

W s Ying Wan et al. Am J Clin Nutr 2001



EVIDENZE IN VIVO

Table 1. Effects of Cocoa and Chocolate on Oxidation
Reference Type Subjects Antioxidant Effect

Wang et al.. 2000 Dark chocolate. single dose (27 g. Healthy adults (N = 20) Weak +
53 g, or BO g
Rein et al.. 200077 Dark chocolate. single dose (30 g) Healthy adults (N = 10) -+
Wan et al.. 2001°° Cocoa powder (22 ) plus dark Healthy adults (N = 23) -+
chocolate {16 g/d) for 4 weeks
Osakabe et al.. 2001°7 Cocoa powder (36 g/d) for 2 weeks Healthy adults (N = 15) -+
Mathur et al.. 20027 Dark chocolate (36 ofd) plus Healthy adults (&N = 25) + LDL oxidizability,
Cocoa powder (30 o/d) for 6 weeks — ORAC antioxidant
capacity. — urinary
F> Isoprostanes
Steinberg et al., 20027 Cocoa powder. single dose (37.5 gy  Healthy adults (N = 6) +
Serafini et al.. 200377 Dark chocolate, single dose {100 g, Healthy adults (V = 12) +, —, —

100 g with 200 mL milk. or 200
o milk chocolate)

Wiswedel et al., 2004 Cocoa drink. single dose (100 mL) Healthy adults (N = 20) -+

Kurosawa et al., 20057 Cacao liquor-supplemented diet 1% Hvpercholesterole mic +
(w/wh, 1—4 months Rabbits (N = 15)

Fraga et al.. 20058 Flavanol-containing milk chocolate Healthy adults (N = 28) +
(105 &) for 2 weeks

Viachopoulos et al.. Dark chocolate. single dose (100 o) Healthy adults (N = 17) +

2005







Cocoa intake is inversely associated with blood pressure
and 15-year cardiovascular and all-cause mortality

The Zutphen Elderly Study

p=0.03 All-cause mortality
- — RR=0.53
L (95% CI, 0.39-0.72)
10- L p<0.001
- 120 -
&l i
E 0 \
= 1“0‘ p={]'03 \’? fo0 - Cardiovascular mortality,
= f \ ) RR=0.50
2 ol 80 1 | (5% C1,0.32-0.78)
= £ p=0.004
7] ©
2 E 604 |
g 0
a
0- 20
e Highest | Lowest  Highest | 0 ot Bgst T Towst  Tighet
tertlle  tertile tertile  tertile tertlle  tertile tertlle  tertile
(036gd (=230gd) (<036gd) (=230g/d) (D50 gd) (=225gd) (D30gd) (=225gd)

Buysse B et al, Arch Intemn Med. 2006, 166:411-17




(—)-Epicatechin mediates beneficial effects of
flavanol-rich cocoa on vascular function in humans

Hagen Schroeter*™, Christian Heiss™Tl, Jan BalzerS, Petra Kleinbongard?S, Carl L. Keen*, Norman K. Hollenberg**,
Helmut Sies’, Catherine Kwik-Uribe'?, Harold H. Schmitz™, and Malte Kelm?®

*Department of Nutrition, University of California, One Shields Avenue, 2150E Meyer Hall, Davis, CA 95616; ?Division of Cardiclogy, Pulmonology,
and Vascular Medicine, Heinrich-Heine University, Moorenstrasse 5, 40225 Duesseldorf, Germany; Tinstitute of Biochemistry and Molecular Biology,
Heinrich-Heine University, Universitaetsstrasse 1, 40225 Duess R e Departments of Medicine and Radiology, Brigham and Women's
Hospital, 75 Francis Street, Boston, MA 02115; and tt s Incorporated, 800 High Street, Hackettstown, NJ 07840

Healthy subjects (n = 16)
300 mL hFCD
(917 mg flavanols)

Flow-mediated dlation (%)
Sum of plesma flavanols (niv)

-

Time after cocoa drink (h)

1024-102% | PNAS | January 24, 2006 | vel. 103 | no.4



Effects of Low Habitual Cocoa Intake on

Blood Pressure and Bioactive Nitric Oxide
A Randomized Coniiglas

Healthy subjects (n = 44)
56-73 years
6.3g DC or WC
(30 mg flavanols)
18 weekscc

Diastolic blood pressure Total 8-isoprostane

Mean Differsncs, pmoldl

Mean Differencs, mm Hg
1 | I

Y
IIIIIIIII

Taubert et al. JAMA 2007



Effects of Low Habitual Cocoa Intake on

Blood Pressure and Bioactive Nitric Oxide
A Randomized Controlled Trial

Table 6. Pharmacokinetic Parameters of Cocoa Phenols Derived From a 6.3-g Dose of Dark
Chocolate on Day 1 and After 18 Weeks of Intervention?®

Mean (SD)

I |
Day 1 of Intervention 18 Weeks of Intervention P ValueP

Epicatechin
AUC=, ng/mL x min 761 210)
Crmax, QML 3.63 (1.02)
Tz, MM 77 @
T 261 MIN 543

oy

\\

S =

[k

-

—y

Catechin
AlUC=, ng/mL x min 234 (B1)
Cenax. N ML
T, TN
T12e. MiN
Procyanidin B2
AlC=, ng/mL x min
e, NG ML
T e, MiN
Tiioel MIiN
Procyanidin B2 gallate
AUC=, ng/mL x min
Cmax, NG ML
Trrae, TN 20 10 5i8) TE /
T mec TN 2 (7) 50 (6) \76 //
Abbreviations: AUCs=, total area under the plasma concentration-time curve; G, maximum plasma concaiAtion;

Tru time to reach the maxin um p lasma concentration; Tiza, elimination half-life.

Values were obtained for the 22 subjects assigned to dark chocolate by fitting the individual data by a linear 1-com-
 partment model. Data are normally distributed

“ P values are calculated by paired 2-tailed t test. P < .05 is considered a statistically significant difference.

Taubert et al. JAMA 200

s\
|
|
1

©
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EFFETTO SULLA
VASODILATAZIONE ENDOTELIALE

Table 2. Effects of Cocoa and Chocolate on Vasodilation

Cocoa Endothelium-
Flavanoids Dependent
Reference Type Amount Model Relaxation

(1077 to 1077
mol/L)
Fisher et al., 2003% Cocoa beverage 821 mg/d Healthy adults (N = 27)
(230 mL/d) for 4 fingertip peripheral artery
days tonometry
Heiss et al., 2003%! Cocoa beverage 176 mg/d Adults with one cardiovascular
(100 mL/d) for 2 risk factor or history of
days CAD (N = 26) brachial
artery
Engler et al., 2003*" and Dark chocolate bars 259 mg/d Healthy adults (N = 21)
Engler et al., 20042 (46 g/d) for 2 brachial artery
weeks
Vlachopoulas et al.. Dark chocolate, 262¢ Healthy adults (N = 17)
2005%° single dose (100 brachial artery
)
Grassi et al., 2005% Dark chocolate bars 88 mg/d Hypertensive adults (N = 20)
(100 g) for 15 brachial artery
days

Karim et al.. 2000%7 Cocoa extracts — [solated rabbit aorta (+\

Nutrition Reviews®, Vol. 64, No. 3



EFFETTO SULL’AGGREGAZIONE

PIASTRINICA

Table 3. Effects of Cocoa and Chocolate on Platelet Function
oo
Flavonoids
Reference Tvpe Amount Subjects
Rein et al., 20007 Cocoa beverage, single dose 30 Healthy adults
( A00 ml) (N = 10
Rein et al., 20007 Cocoa beverage. single dose Healthy adults

(300 mL) N o= 30

T e LA
0027

Pearson et al., Cocoa beverage, single dose Healthy adults

(200 ml) (N = 16)

. 51 - . . g
Holt et al., 20027 Semisweet chocolate chips. 220 Healthy adults

T'iili_;._" le dose (25 2 N =18
Cocoa tablets (6/d) for 28 Healthy adults

dla W i N = 3]
[Drark checolate. single dose Healthy adults

(100 a3 (N = 3

P (v}
Murphy et al., 2003%

Platelet Function




STUDY DESIGN

Baseline + 2 hours
- QCA#1+CPT - QCA#2+CPT PEOY | AL ABOTT CRA RETEET At
- Clinical data - Clinical data
- blood sample - blood sample

v v ,

0 1 2
Group 1 (N=10)
40 g black chocolate
Group 2 (N=10
P2(N=10) Control group >

Flammer et al. Circulation 2007



%Change

Epicatechin
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Dark Chocolate

I
Placebo

8-Isoprostanes

Placebo Dark Chocolate
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Placebo

Dark Chocolate

FRAP

Placebo

Dark Chocolate




Coronary Artery Diameter before and
2 hours after chocolate ingestion

p<0.01
]
1 —O~ Placebo

—&€- Choco
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% Adhesion

Platelet aggregation before and
2 hours after chocolate ingestion

Placebo

Dark Chocolate
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day—along with other fruits,
vegerables, and nuts—will

help keep the docror away
These foads are loaded with an-
voxidants, substances that fight

~# free radicals, diseasc-causing
compounds that have becn

It‘s no scoret that an apple a
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packat
antioxid
punch.

by Mark Paris| R
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linked to heart disease, cancer, and Alzhei
But just how many antioxidants these food:

now. The

tain has been a mystery—unti
Department of Agriculture (LISDA) recently
lyzed the antioxidant content of more tha

~ < Pt -incKiding: Eiifs.egerablessmnits;
Strawbarrias and black AT fruits, spices, and cereals
cantain same of the hig " Find easy The big surprise: Even though tl
antioxidant levels of foods AL consumed in small amounts, herk
mensured by the USDA, e ln_'y;:-i:r dletat spices, such as oregano, cinnamor
L 'c:nmilngugm.unm claves, showed higher amounts «

Antioxidant Breakdown

The U.S. Department of Agriculture ranked the following foods
among the highest in antioxidant content. The number after each
food denotes its tetal antioxidant capacity (TAC). Foods with TAGS of
2,000 or higher, like these, are considered high in antioxidants.

FRUITS one-cup serving
Dvied Plums: 14 582
Cultivated blueberries: 9,019
Blackberries: 7,701

VEGETABLES cne-cup serving, cooked

Artichoke hearts: 7,904

Red cabbage: 4,718 »

Russet mta:o:?.ﬁas - .
-

NUTS one-ounce serving” -

Pecans: 5,095 * 2

Walnuts: 3 846
Hazelnuts: 2,739

Sleatures.

SR =

tioxidants than researchers had
ously thought.

A high antioxidant level doesn’t equate to
a superfood, however. “There's still a lot we don't
understand about how the body uses antioxi-
dants,” says Ronald L. Prior, Ph.D., nutritionist and
research chemist with the
USDA. The body absorbs
some antioxidants better
than others, he notes, and
cooking may also alter the
content, I]Ul most antioxi-

dant-rich [oods also have
other benefits, such as low
fat and calorie levels, and
helpiul vitamins and min-
erals. For optimal health,
aim for at least five to nine
servings of fruits and veg-

ctables a day —Karem Asp

Sweel cherrles (left) clock In with
@ TAC of 4,873 per cup.



High-ORAC Foods May Slow Aging Page 1 of 4

June 9, 2005 "7 VIEW CART CONTACT US
toll free: 800-401-9186

I - Products by Category
- Alphabetic Product Listing

| Product Search

Home EEEETTITED EXEEE® Product Info Health News FAGs AboutUs Links Site Map
id Center, Neptune Krill Oil & Rejuvenation Science for Doctors

Featured Products

Health Guide High-ORAC Foods May Slow Aging
Men’s Health Ellagic Acid
Women'S Health [ORAC Researc A—Drugstore
Senior's Health [Recommendations for ORAC Consumptlon] E b price:
Antioxidants [High-ORAC Fruits and Vegetables] $24.95
Sports Nutrition = Poifighng
Diet & Weight Loss Research results suggest that eating plenty of high-ORAC fruits and vegetables -- such as spinach and blueberries -- e $13.00
\H/itag”lins & Minerals may help slow the processes associated with aging in both body and brain. ‘ Lrdec,
erbs
Specialty Foods that score high in an antioxidant analysis called ORAC may protect cells and their components from oxidative ~ Kyo-Green
Supplements damage, according to ORAC studies of animals and human blood at the USDA Agricultural Research Service's pmmgy  Drugstors
Targeted Human Nutrition Research Center on Aging at Tufts University in Boston. ARS is the chief scientific agency of the e 005
Supplements U.S. Department of Agriculture. g==f  Ourprice:
Spa Products . $19.00
Anti-Aging Basics :
ORAC, short for Oxygen Radical Absorbance Capacity, is a test tube analysis that measures the total antioxidant Order.

Body Systems
Body Structure

Book Store
Pet Health

power of foods and other chemical substances.

ese ORAC findings are borne out in further research, young and middle-aged people may be able to reduce ris
of diseases of aging -- including senility -- simply by adding high-ORAC foods to their diets," said ARS Administrator

eptune Krill Oil

Our Most Popular he year 2050, nearly one- -third ofthe U.S. population is expected to be over age .

Specials research supports these iseases or dementia el

Bargain Basement simply by adding high-ORAC foods to thelr diets. Our price:

Brands $14.00
back to top _Order.

In-depth Info : =

MSMOP' ORAC Research Findings

High-ORAC foods raised the antioxidant power of human blood 10 to 25 percent.
High-ORAC foods prevented some loss of long-term memory and learning ability in middle-aged rats.
High-ORAC foods maintained the ability of brain cells in middle-aged rats to respond to a chemical stimulus--a
function that normally decreases with age.

e High-ORAC foods protected rats' tiny blood vessels--capillaries--against oxygen damage.

Nutritionist Ronald L. Prior contends, "If we can show some relationship between ORAC intake and health outcome in
people, | think we may reach a point where the ORAC value will become a new standard for good antioxidant
protection." (See table at end for ORAC values of fruits and vegetables.)

http://www.discount-vitamins-herbs.net/orac.htm 6/9/2005



“The antioxidant capacity in each bottle of &
FUZE White and Green Tea is equal to 3

servings of vegetables...” based on ORAC 3

lceberg Lettuce | 5 ORAC Value [ umole TE}Sg )
Apricot-Peach [ 9 i 5 grams = .18 ounces which is
Carrot-Apple-Banana [| 10,10, 11 about 1 tablespoon of BarleyLife

and has about 1275 ORAC units,
Cabbage-Potato [| 15

Cauliflower [] 19
Corn-Onion [| 20
Grapefruit, pink |:| 24
Cherry-Grape-Orange [[] 34,37, 35
Beets-Broceoli ] 42,45
Plums-Alfalfa sprouts - 47 49
Raspberry-Spinach - 61, 63
strawberries [ 77
Dark Honey |:| a2
Kale [ 59
Blackberries - 102
Blueberries - 120
Raisins [ 42
Prunes |GG -
Dark Chocolate [ -5
BarieyLite [ 1275
I T T T T

1 1 1
1] 200 400 B0 BO00 gLLL L 1200 1400




Life Dynamics Acai - Multi-Vitamin and Much More Page 1 of 1

Product Catalog

Customer Service

Frequent QQuestions

What is Acai?
Acai Benefits
Acai Studies

Acai FAQ

Acai Testimonials

Testimonials

Retailers

In The Media

View Cart/Check Out - Site Map - H

Acai ORAC - Value

What is ORAC and what does it stand for?
ORAC = Oxygen Radical Absorption Capacity
What is the ORAC Assay?

The Oxygen Radical Absorption Capacity (ORAC) assay is a method for measuring the tota
antioxidant activity of a biological sample. It measures the antioxidant activities of human,
agricultural products, food products, food ingredients and pharmaceutical products.

The assay measures the effectiveness of various natural antioxidants, present in the
sample, in preventing the loss in the fluorescence intensity of the fluorescent marker
protein, Beta-pycoerythrin (beta-PE), during peroxy radical induced free radical damage.
Each reaction is calibrated using known standards of Trolox®, a water soluble vitamin E
analog. The results of the assay are reported on the basis of 1 ORAC unit = 1 micro-M
Trolox®. 1

What is a normal ORAC for daily consumption?

For the average person they need 1670 ORAC per day. To give this perspective 80% - 90%
of people in the world do not consume even half of the daily required ORAC's.

What is the level in Life Dynamics ACAI?

Life Dynamics Acai 4:1will give you a ORAC level of 3871. This is based on a dosage leve
of 2 capsules of 1 gram (1000 mg).

Life Dynamics Acai Lite 1:1 w/Acerola will give you a ORAC level of 2100+. This is based
on a dosage level of 6 capsules of 3 gram (3000 mg).

Catalog - Contact Us - Customer Service - View Cart/Check Out

Testimonials - About Us - Register - Your Account - Site Map - Home




GREEN TEA
DOSE-RESPONSE STUDY

SUBJECTS

Fifteen healthy voluntegrs
(25.8+48y,7M8W)
Non-smokers, normolipidemic

No drug or vitamin supplements



GTFT 1.4 g/L
(500 mL)

STUDY DESIGN

GTFT 1.6 g/L
(500 mL)

GTFT 1.8 g/L
(500 mL)

GTFT 2.0 g/L
(500 mL)

Group A (n=4)

Group B (n =4)

J Group C (n = 4)

Group D (n=3)

g

4

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

4

14 Days wash-out

Phases 4

4




_ Antioxidant
VltamlnC

mmm composition (mg/L) of
s e | o e (GTFT)
green tea (GTFT) with
[ ———ARTWENRETE i fforent amount of tea
-

solids
comngae a7 [os [ uo [ 1

Quercetin rhamnosyl galactoside

N

Kaempferol-Galactoside and Kaempferol-3-rutinoside -

o5 [ 1o

et o

** mmol Fe?*/L



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

—
N
10
<5
=
=
-
(=9
<
=4
e
<

1.4 g/L 1.6g/L 1.8g/L 20¢g/L

* p<0.05; ** p<0.01 compared with baseline (paired t-test)

A TRAP (uM)
(9]
o o

o
=)

14 g/L 1.6g/L 1.8 g/L 2.0g/L



Acute supplementation studies

Tea (Sung et al. Eur J Clin Nutr 2000)
WIine (Maxwell et al. Lancet 1994)
Alcohol-free wine (Serafini et al. J Nutr 1998)
Chocolate (richelle e:al. Eur J Clin Nutr 1998)
Onion (Mc Anlis et al. Eur J Clin Nutr 1999)
Beer (Ghiselli et al. J Nutr Biochem 2000)
Whisky (Duthie et al. Eur J Clin Nutr 1998)
Grape jJuice (Day et al. Ann Nutr Metab 1997)

Blueberry (Pedersen et al. Eur J Clin Nutr 2000)



Table 2. Overview of Chronic Human Intervention Studies on Diet and Plasma TAC=

Results
Study {Ref’ Desien TAC Method
Cacetal., 1998 (29) Voluntess: 36 healthy subjects T ORAC
Duration: 2 whk
Diet: 10 servings fruits and vegetables perday
Leighton et al . 1999 (30) Volunteers: 21 healthy subjects T Luminaol

Duration: I mo
Ll Mediterranean digt
Younge etal., 1999(51) Volumteers: 5 healthy subjects TEAC FRAP
Duration: T wk
Diet: Froit juice (up to 1500 1 ml)
Bub et al., 2000 {32) Voluntesrs: 235 healthy subjects FRAP
Duration: # wk

" T — .
hel: vegetable juice 350mL, SpinEs e

Lee et al., 2000 {33) < Volunteezrs: 6 healthy subjects > T FRAP
Duration: 5 wk

Diet: tomato products (<50 o)
Record et al.. 2001 {34) Voluntesrs: 25 healthy subjects TEAC
Duration: 2 sl
Diet: 57 servings of furits and vepetables per davy
Yolunteers: 22 healthy smokers t TEAC
Duration: 3 wk
et vepstable bureer, frait drink
Llunteers: T8 healthy smoking subjects T ORAC
Duration: 5 wk
Diet: 5 servings of furils and vegetables per day
Dragsted et al., 2004 (37) Volumesrs: 43 healthy subjects TEAC FRAP
Duration: 25 davs
Diet: 600 o furg

Pitsavos et al., 2005 (38) volumtears: 3,022 T ImAnOx kit
Duration: T owr >
< Diet: Meaditerranean dist

e —

Van den Berg et al., 2001 (35)

Roberts et al., 2003 (36)

] vepetables per day

a: Abbreviations are as follows: TAC, total antioxidant capacity, TEAC, Trolox equivalent antioxidant capacity:, FRAP. ferric reducing antiexidant power;
ORAC, oxveen radical antioxidant capacityv: IimAnOx, Immunodiagnostik AG, Bensheim, Gennany,
b Significant increments { T) or no change {1 in plasma TAC.



Antioxidant efficiency: acute and chronic studies

(+ 82%

0 TAC increased (%)
Bl TAC unchanged (%)

ACUTE STUDY




Overview of human intervention studies (1): tea

days

NO

TAC

PP levels

Ref

28

50

)

)

Duffy 2001

BT

28

10

!

McAnNlis 1998

BT

28

44

!

Widlansky 2005

GT 45 | 100 1 Bertipaglia de Santana 2008
GT 24 42 1 — Erba 2005
GT I 14 0 7 Panza 2008
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BIOAVAILABILITY
Dietary flavonoid AN D M ETABO I_ I S M

Oligomeric flavonoids

M

Monomeric units

O-methylatec
Further

metabolism

Glucuronides
Sulphates

. ., 1
A-ring glucuronides
O-methylated glucuronidgs Portal
O-methylated vein

Jejunum

lleum
aglycone

Secretory structures
(sweat, milk, saliva, tears)
Colon Flavonoid====gp  Phenolic acids

Gut microflora

Adapted from Spencer 2003. J. Nutr. 133: 32555-3261S,




Nature of the circulating metabolites

v" No intact glycosides in plasma, except for anthocyanins/EGCG

v’ Exact nature of the major circulating metabolites

Quercetin 3-O-glucuronide
Day et al. 2001 3 ’-O-methylquercetin 3-O-glucuronide
3 '-O-sulfate

diglucuronide

Daidzein 7-O-glucuronides
Genistein 4 ’-O-glucuronides H

Doerge et al., 2000

Epicatechin 3'-O-glucuronide

Natsume et al. 2003 4 ’-O-methylepicatechin-O-glucuronide
4 ’-O-methylepicatechin 3 '-O-glucuronide
aglycones

: From strawberry Pelargonidin 3-O-glucoside
Anthocyanins Felgines et al., J. Nutr. Pelargonidin-glucuronides

2003

From blackberry Cyanidin 3-O-glucoside
Felgines et al., 2005 Cyanidin 3-O-xyloside
(submitted) Peonidin 3-O-glucoside

Peonidin 3-O-xyloside



Effect of plasma metabolites of (+)-catechin and quercetin on
monocyte adhesion to human aortic endothelial cells'*

Takuro Koga and Mohsen Mevdani
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FIGURE 3. Effect of (+)-catechin metabolites on U937 cell adhesion
o human acrtic endothelial cells (HAEC). HAEC (A) or U937 cells (B)
rere incubated without catechin or plasma extracts (control), with the
lazma extract from control rats (plasma control), with 10 pmol i+ )-cate-
hin /L. or with the plasma extract from (+catechin-treated rats for 20 h.
AEC were atimulated with interleukin 13 (IL-1f: 10 pg'L) for 6 h and
Q37 cells were stimulated with phorbol moyristy] acetate (PhAC 100D gl
ar 2 h. The adhesion assay was performed as described in the Methods.
[Crata are the mean (S0 of 3 experiments, each performed in quadnipli-
ate. “Significantly different from the other treatments, P < 005,

Koga et al. AJCN 2001

Flasma
i wechn

m1adolites

FIGURE 4. Effect of (+)-catechin metabolites on the gencration of
reactive oxygen specics in human aortic endothelial cells (HAEC).
HAEC were incubated without catechin or plasma extracts (control),
with the plasma extract from control rats { plasma control), with 10 pmol
(+)-catechin/L.. or with the extract from (+)-catechin-treated rats for
20 h, loaded with 50 pmol 2°.7"-dichlorodihydrofluorescein diacetate/L
for 30 min, and stimulated by 20 pmol H,OJL (A) or 10 pg interleukin
| AL By, 20,7 -Dichlorofuorescein (DCF) Muorescence was monitored
45 min after stimulation. Data are presented as the percentage increase
in DCF fluorescence compared with unstimulated cells and are the mean
(500 of 2 experiments, each performed in quadruplicate. " Signifi-

cantly different from control: "F < 0005, *F < 0,01,




(-)-Epicatechin sulphate

Polyphenols In Biological activity

our diet depends
are not always on concentration
the most . and
active in the bodv 1.8 uM ~tructure of metabolites
O
metabolites

concentration
L‘ Parallel increase
of plasma TAC
~ 31 uM




In Vitro values

Cumaric acid
7300 ng/250 g

Caffeic acid
31700 ng/250 g

Quercetin
12700 ng/250 g

Vitamin C
26.7 mg/250 g

% of absorption
IN VIVO
1.1 %

0.2 %

0.5%

49 %

From: Serafini et al. BIJN 2003



TAC inVitro TAC Ingested In VIVo Increase

18.200 umol TAC + 20%
(100 g)
3.930 umol TAC
0
(200 g) +12%
1.150 umol TAC
(250 g)
8.6 690 pmol TAC No changes

& (80 9)



IS THE ANTIOXIDANT
NETWORK REGULATED?



Are antioxidants mobilized In response
to oxidative stress?
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Risk of gastric cancer among smokers and
never smokers in relation to TAC of
consumed fruit and vegetables

TRAP Smokers > 30 yrs Never-smokers

(WMTE) Cases OR (95% CI) Cases OR (95% CI)
49-819 94 1.0 (Ref.) . .y 45 0.56 (0.35-0.90)
820-1015 68 0.68 (0.45-1.02) \) 45 0.48 (0.30-0.76)
1016-1327 51 0.56 (0.36-0.86) 42 0.46 (0.29-0.73)
1328-3413 55 0.52 (0.34-0.80) 40 0.44 (0.27-0.71)

P value for trend 0.000.
OR and 95% CI adjusted for age, sex, BMI, salt intake, total calories and number of meals per day.

From: Serafini et al. Gastroenterology 2002



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

TAC
TAC Cases Controls Crude OR Adjusted OR!
(mmol/L) n n OR (95% CI) OR (95% CI)
<1.17 45 24 1.00 [ 1.00

| \)

1.17 - 1.24 36 32 0.60 (0.30-1.16) 0.52 (0.26-1.03)
1.24 -1.31 36 40 0.48 (0.24-0.93) 0.41 (0.20-0.82)
>1.31 33 47 0.45 (0.23-0.88) 0.47 (0.24-0.94)
Test for trend P =0.030

!OR and 95% CI adjusted for age at menarche, parity, alcohol intake and total fat intake.

From: Ching et al. J Nutr 2002
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Original Contribution

The effect of vitamins C and E on biomarkers of oxidative stress depends
on baseline level

Gladys Block **, Christopher D. Jensen 2, Jason D. Morrow 2, Nina Holland #, Edward P. Norkus <,
Ginger L. Milne P, Mark Hudes 2, Tapashi B. D - = awford @, Ellen B. Fung 9,
Laurie Schumacher9, Paul Harmatz ¢

All Subjects Placebo Vitamin C Vitamin E
(n=124) (n=115) (n=117)

Before intervention, pg/mlL, 54.84 (26.67) 60.67 (30.98) 51.04(23.99)
mean (SD)

After intervention, pg/mL, 58.73 (32.17) 5231 (24.94) 50.60(28.99)
mean (SD)

Change (ug/mL) +3.90 (26.11) -8.37 (28.12) -0.44 (23.38)

Change (%) +7.11 -13.80 -0.86

Subjects with baseline Fs-isoprostanes<50 ug/mL Subjects with baseline Fz-isoprostanes>50 pg/mL

Placebo (n=75) Vitamin C(n=60) Vitamin E(n=71) Placebo (n=49) Vitamin C (n=55) Vitamin E (n=46
Before intervention, pg/mL, 38.80 (8.12) 37.97 (8.17) 37.14 (8.30) Before intervention, pg/mL, 79.39 (26.52) 8544 (27.49) 72.50 (24.51)
mean (SD) mean (5D)
After intervention, pg/mL, 4768 (19.57) 4182 (16.85) 40.11 (1891)  After intervention, pg/mL,  75.65 (39.74) 63.76 (27.32) 66.78 (34.19)
mean (SD) mean (SD)
Change (%) ¥2259 00 Change (%) -4,70 -7.89
P (change) <0.0001 0.16 :
P (change) D44 0.20




PREDIMED STUDY

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

STUDY TYPE:
- Large - Multicenter
- Randomized - Controlled

-

lencia (1) ‘M)rca (1)

-
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PREDIMED STUDY

N=3000
Mediterranean diet Mediterrangan diet American Heart
+ virgin olive oil + nuts (30g/d) Association guidelines

(1L/week) \

4 years

Vo

!




PREDIMED STUDY

INCLUSION CRITERIA EXCLUSION CRITERIA
e & 55-80 years
e © 60-80 years eAny severe chronic iliness
e AIDS
3 risk factors: e Drug or alcohol addiction
e Diabetes type II m - Allergy or intolerances to nuts or oil

e Current smoking
e Hypertension
e BMI >25
e High LDL, cholesterol,...
e Family history of premature CHD



FRAP (umol/L)

Med. Diet (n=295)
Olive oil (n=195)

Nuts (n=100)

xk*

999,30
Control (n=184)
985,40




TRAP (pumol/L)

Med. Diet (n=295)
Olive oil (n=195)

Nuts (n=100)

1406,45
Control (n=184)
1409,11




TAC (mmol/L)
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Changes In plasma | AC accorading
to different quartiles of baseline levels
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= TRAP tras 1 afio
e FRAP inicial

= FRAP tras 1 afo




Uric acid: friend or foe?

Table 1. Cardiovascular Conditions and Risk Factors Associated with Elevated
Uric Acid.
Hypertension and prehypertension

Renal disease (including reduced glomerular filtration rate and microalbu-
minuria)

Metabolic syndrome (including abdominal obesity, hypertriglyceridemia, low
level of high- denﬂw hp:.pr: tein cholesterol, insulin resistance, impaired
glucose tuler:m: e, elevated leptin level)

Obstructive sleep apnea

Vascular disease (carotid, peripheral, coronary artery)
[ - " - . I ~y -

Stroke and vascular dementia

Preeclampsia

Inflammation markers (C-reactive protein, plasminogen activator inhibitor
type 1, soluble intercellular adhesion molecule type 1)

Endothelial dysfunction
Oxidative stress
Sex and race (postmenopausal women, blacks)

Demographic (movement from rural to urban communities, Westernization,
immigration to Western cultures)

N Engl ] Med 20



Molecular identification of a danger
signal that alerts the immune
system to dying cells

Yan Shi', James E. Evans” & Kenneth L. Rock'

! Department of Pathology, and *Proteomics and Mass Spectrometry Facility,
Departemertt of Biochemistry and Moleadar Pharmacology, University of
Massachusetts Medical School, Worcester, Massachusetis 00655, UUSA

In infections, microbial components provide signals that alert
the immune system to danger and promote the generation of
immunity'=. In the absence of such signals, there is often no
immune response or tolerance may develop. This has led to the
concept that the immune system responds only to antigens
perceived to be associated with a dangerous situation such as
infection™. Danger signals are thought to act by stimulating
dendritic cells to mature so that they can present foreign antigens
and stimulate T lymphocytes™ 7. Dyving mammalian cells have
also been found to release danger signals of unknown identity® .
Here we show that uric acid is a principal endogenous danger
signal released from injured cells. Uric acid stimulates dendritic
cell maturation and, when co-injected with antigen in vivo,
significantly enhances the generation of responses from CD8*
T cells. Eliminating uric acid in viwve inhibits the immune
response to antigens associated with injured cells, but not to

Shi et al. Nature 425, 2003

news and views

Immunoclogy

I T T T Y Y

Dangerous liaisons

William R. Heath and Francis R. Carbone

a Stranger hypothesis b Danger hypothesis

Epithelial cell _Invading microbe Epithelial cell _lrvading microbe
| - -
TN\~ T Y g "‘\ Y —\ )
o) o O JO)( o
I )| I, ) |
e A g\ / N

"_\L Flagellum / M »Uric acid crystals

L5y
Toll-ike =%
receptor 5

Dendntic cell IZ-:JII contents
Dendritic cell-

Figure | Strangers and danger. Two different theorles describe how the immune system is alerted to
respond to microblal attack. a, In the ‘stranger’ model*, microdetectors on the surface of immune
cells recognize common molecular patterns on the surface of microbes. For example, Toll-like
receptor 5 on the surface of dendritic cells signals an alarm when it recognizes a protein component
of the flagella of some bacteria’. b, Alternatively, the ‘danger’ hypothesis™ proposes that the immune
system Is alerted to the tissue damage assoclated with microbial infection. Shier al.! provide evidence
for this second view, showing that damaged cells release uric acid that forms crystals capable of
activating dendritic cells. The now-compelling evidence for both hypotheses suggests that the
immune system scans for signs of both danger and strangers.

460 ® 2003 Nature Publishing Group

Heath et al. Nature 425, 2003




URIC ACID AND HEALTH: AN
_ ONGOING DEBATFE

'We need 2 “‘It remains possible that
understand  uric acid may have a
biologic role variety of as yet
although . Incompletely defined
» proinflammat. actions in cardiovascular
retterrve S it can also funcu.  disease” o8
= antioxidants e

Nitin Trivedi, M.D

immins, ON P4N 8P2, Canada

Yonsei University College of Medicine
Seoul 120-752, South Korea



TAC AND DISEASE
PREVENTION



TAC and disease (1)
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Grade of thoracic aortic atherosclerosis

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



TAC and disease (2)

— P<0.000| ——

—
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HC
Fig 1. Distibution of total antioxidant capacity (TAC) in healthy con-
trols (HC, # = 72), ulcerative colifis patients (UC; n and Crohn’s
ase patients (CD; n = 97), Eachindividual patient or control is shown
as a circle; bold horizontal lines are the mean values,

Koutroubakis et al. 2004

Antioxidant capacity of plasma
(FRAP)

1 a) Control (12)
b) Steatosis (11}
c) Steatohe patitis (10)

Figure 4 Total antioxidant capacity of plasma in control
subjects and in patients with non-alcoholic fatty liver
disease with different degrees of liver injury, measured as
the FRAP

Yalues represent means £ S.EM. for the number of subjects indicated in
parentheses. The significance between mean values was assessed by one-way
ANOYA and Bonferroni’s multiple comparison test, and is shown by the letters
identifying each group of patients (P < 0.05).

Videla et al. 2004



Reference

Erhola et al,
1997

Biological
fluid

Plasma

TAC Method

TRAP
(umol/L)

Type of
cancer

Lung

Cancer
patients

1143 + 181
(n=57)

Healthy
subjects

1273 + 199
(n=76)

Di Giacomo et
al, 2003

Plasma

NPAC
(%)

Colon

55
(n =54)

90
(n=20)

Erten Sener et
al, 2006

Serum

TEAC
(mmol/L)

Breast

2.01+£0.01
(n = 56)

2.07 £ 0.03
(n=18)

Lee et al, 2005

Plasma

TEAC
(mmol/L)

CIN

1.15+0.17
(n =58)

1.25+0.15
(n = 86)

Ching et al,
2002

Serum

TEAC
(mmol/L)

Breast

OR 0.47 (11°Q
TAC)
(n =153)

(n = 151)

Liu et al, 2003

Plasma

TAC
(U/mL)

Lung
Breast
Thyroid

8.41+1.78
(n=28)

10.52+1.64
(n = 33)
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B Natural History of Primary Biliary Cirrhosis
B Regulation of the Cdx-2 Homeobox Gene
Bl Video Capsule Endoscopy

B Fruits, Vegetables, and Gastric Cancer

Serafini et al. 2002

Gastric cancer risk
and dietary TAC.

B Smokers

O Non-smokers

08

OR
o
o

04

02

Quartiles of TAC

Fig. 2. Odds ratios (OR) for gasme cancer among quarnles of toral antioxidant capacity (TAC) of consumed fru and vegetables 1n smokers and non-

5 £ ¢ pacil} . :

smaokers. Quarmles are 1:49-81%; 2:820-1015; 3:1016-1327, £:1328-3413 rummmoles of Trolox equivalents. Data reproduced Fom Serafin er al “ with
DEIIIISSI0N.



How we can assess dietary intake of total

antioxidant capacity in human?
[ 1 0o NoT £iE GREEN. |0

i P P P

34 vegetables (V), 30
fruits (F), 34 beverages
(B), 11 spices (S), 11 nuts
and fruit dried (NF) 5
pulses (P) 16 cereals (C) '
and 6 vegetables oils (VO) | gt
have been analyzed using 3 ||
assays. TRAP, FRAP and
TEAC In order to take In
account different
antioxidant mechanisms

PRUNES AHD BRBM...

veary oifthemark.com
ATLAATIC RT3 T

| .

- THE LKTER YEARS

Pellegrini et al. J. Nutrition 2003



Wadsworth — Thomson Learning © Wadsworth — Thomson Learning

- _ © Wadsworth — Thomson Learning
2 Wadsworth — Thomson Learning

-

[© Wadsworth - Thomson Learning © Wadsworth — Thomson Learning © Wadsworth — Thomson Learning




Fruit and vegetable intakes, dietary antioxidant nutrients, and total

mortality in Spanish adults: findings from the Spanish cohort of the 41 358 Su bJeCtS
. )

European Prospective Investigation into Cancer and Nutrition
(EPIC-Spain)'~®

I e ot e st o 6.5 years follow-up
: o, Tt B, Mo D Age: 30-69 years

4

iation between mortality and the consumption of vitamins and carotenoids and total antioxidant capacity of fruit and vegetables in the EPIC-5pain

HR (95% CTi by quartile”
Nutrients and total Ptor HER (953% C1)
antioxidant capacity )2 23 4 trend {continuous r (log, )

t
Vitamin € 07200, 650051083 0.74 00 .58 0.94) 0.009 0.87 (0.7, 0.06)
Vitamin E a1, 183065 1.08 1.08) 0,12 . (079, 102
B-Carotene .76 (0.60, 72 0,92 0,58, 0.95) 0022 .59 (0.80, 0.98)
(10,54 (] H&) ! (95 (0L9], 1.

7. 0.92) 1.77 0,98 : 1.95) : 0,94 (0.90, 0.99)

avitamin A” 0660052, 0.83) 0.70(0.55. 0.89) Hi0.53, 087 0006 Z (080, 097
Lutein A0 0,98 086 (068, 1.09) 083 (065, ( ! (090, 103
Feaxg 078061, 1.00 0.75(0.59, 0.9A) 091 (0,72, .48 | 1.04)

Lwi pene 0700063, 099 0.76 (060, 0.94) O.65(0.5]. L) 193 (080 097

Total carotenoids 0740059, 093 0.70(0.55 0,80y 060 (0,55, 0003 08507076, 0094




243 healthy subjects;
35-88 yrs
Total antioxidant capacity of the diet is inversely and independently related B M I 27 1 Kg/m2

to plasma concentration of high-sensitivity C-reactive protein in adult Italian

subjects 19% smokers

5,004

4,50

4,00

3,50
3,00+

2,50

2,00+

hs-CRP (mg/L)

1,50
1,00

0,50+

e 0,00 T | |
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Quartiles of dietary TAC/E®
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The overall aim is the
development of a
nutrition monitoring tool

SSIS'[ the

Network

nutritional
ss Europe.
databank IS

_J J 7 11 :
Data Food Networlﬂng




Mediterranean diet and plasma TAC
(ATTICA study)

Lifestyle, clinical, and bicchemical characteristics of the i itemanean dict soore’

TAC was positively Women (n = 1528)

2nd (21-35) Ard (36 =557

Characteristic CO r- re I ated With (n o= 509 (n= 510

Ape (v ) ) 45 + 77
Dration of education (y) th t k f f t 10+ 4
Curmrent smoking (%5 e In a’ e O rUI ! :
Sedentary life (56 - =
NI (ke . vegetables, olive olls
SBP (mm Hgj 2

DBP imm Hg)

Hyperension (9]

Total cholesteral (mgdidl)

LD chol estersl (mgddl)
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CTAC, wal antioxidant capacity; SHP, systolic blood pressare; DHEP, diastolic blocd pressure. Mo significant interactions were observed between tertile
af diet soore and sex.
* Derived from ANMOYA. Reflect the associntion bebween tertiles of diet soore and the invesi gated variables, after adjustment For sex.

2 x & 553 all such values).
. A — - . - . . - . . . - T . g
= Significantly different from 1=t tertile (Bonferroni cormection for multiple comparisons): * P =< 001, 7 P =< 0005,

Pitsavos et al. AJCN 2005



UNDERSTANDING THE
“"REDOX MAN”
.;:.,:-!.:.": il T - . --'-'-_-.;- i -,_‘-.

Life-style

Hormones

Stress

Environment

Physical activity
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