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AHistory of chocolate

AReview of clinical research on
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AOur research on epicatechin






CACAO In MesoAmerica

For over 3500 years, chocolats
has been associated with
luxury. TheOlmeca Aztec,
and Mayan cultures were
greatly influenced by Cacao.

The Maya culture transmitted
knowledge of cacao by means
of oral tradition, multicolored
stone engravings, paintings,
ceramics and codices where
Its medicinal uses were
described

A Divine God with a Cacao Pod




Cacao was used by the
Aztecs and Mayans for its many
health benefits

L Treating fatigue, faint heart and alleviating panting
of breath

L 4 Treating emaciated patients to gain weight

@ Stimulate nervous systems of apathetic exhausted
or feeble patients

1o Improve digestion, stimulate kidneys and
Improve bowel function




The unusual powers of cacao

The Mayans & Aztecs
believed that eating cacao
would make them strong &
Invincible



Cacao was used as
currency & offered
In religious

i/ ceremonies by the
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Theobroma CACAO

One of the world's most
magical and incredible
trees Is the cocoa tree.
The botanical name is
TheobromaCacao which,
roughly translated, means
aFfF22R FT2NJ U
YZ2NE  AUSNJ f
F22ZRdPe> C¢KS
Theobroma cacawevas
first applied to the cocoa
tree by CarolusLinnaeus.




Fast Forward to Modern Day:
The Kuna Indian Story
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The Kuna Indians are living proof of the benefits
of cacao consumption

® Kuna islanders consume a high
amount of a crude cocoa beverage
containing high amounts of the
compound epicatechin

¥ Epicatechin is responsible for the
Nnbittero taste of



®The consumption of

cocoa high in epicatechin

: 1S thought to be

responsible for the low

iIncidence of

g2 cardiovascular disease In
. the Kuna Indians



KUNA vs. US Death Rates

CARDIOVASCULAR 83.4ND.7 9.2N3.1

CANCER 68.4N1.6 4.4\4 .4 175

DIABETES 24.1ND.7 6.6N1.9 22

STATS PER 100,000
Int 3 Med Sci. 2000, ;4:53-58




The processing of cacao

® To make 1 kg of chocolate, 3@D0 beans are processed

® Beans are washed and roasted. Next they areludled. The nibs are
what is left and are ground into a thick creamy paste, known as
chocolate liquor

2 This "liquor” is separated into cocoa powder (50%) and cocoa fat
(cocoa butter=50%). Cocoa powder has titevanolswhich are very
bitter in taste and acidic

® Cocoa butter is used in chocolate bar manufacturing, other
confectionery, soaps, and cosmetics

s 4 Adding an alkali produces Dutch process cocoa powder, which is le
acidic, darker and more mellow in flavor, also lowerflavanol conten




Epicatechin : A Pleiotropic Compound

Epicatechin
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Mecreases blood pressure
Amproved Insulin Sensitivity
MDecreases Platelet Adhesion

A owers incidence of Ml and Stroke
Arevents age related decline in
kidney function

AReduces LDL cholesterol

Ao known toxicity



Endothelial Dysfunction

Acute Consumption of Flavanol-Rich Cocoa

and the Reversal of Endothelial Dysfunction in Smokers

Christian Heiss, MDD, PHD,*} Petra Kleinbongard, PHD,T André Dejam, MD, PHD,§ Sandra Perré, MS,T
Hagen Schroeter, PHD,+ Helmut Sies, MD, PHD,* Malte Kelm, MDY

Duesseldorf, Germany; and Dawvis, California

OBIECTIVES This study was designed to assess the effect of flavanol-rich food on the circulating pool of
bicactive nitric oxide (NO) and endothelial dysfunction in smokers.

BACKGROUND Studies suggest that smuklng—rclarcd vascular disease is caused by impaired NO synthesis and
that diets rich in flavanols can increase bioactive WO in plnsmn

METHODS In smokers (n = 11), the effects of flavanol-rich cocoa on circulating NO species in plasma
(RXNO) measured by reductive gas-phase chemiluminescence and endothelial function as
assessed by flow-mediated dilation (FMD) were characterized in a dose-finding study orally
administering cocoa containing 88 to 370 mg flavanols and in a randomized double-blind
crossover study using 100 ml cocoa drink with high (176 to 185 mg) or low (<11 mg) flavanol
content on two separate days. In addition to cocoa drink, ascorbic acid and NO-synthase
inhibitor L-NMMA (n = 4) were applied.

RESULTS There were significant increases in RXNO (21 = 3 nmol/l to 29 = 5 nmol/l) and FMD (4.5
+ 0.8% to 6.9 = 0.9%, each p < 0.05) at 2 h after ingestion of 176 to 185 mg flavanols, a ‘

dose potentially exerting maximal effects. These changes correlated with increases in flavanol
metabolites. Cocoa-associated increases in RXNO and FMD were reversed by L-NMMA.
Ascorbic acid had no effect.

CONCLUSIONS The circulating pool of bicactive NO and endothelium-dependent vasodilation is acutely
increased in smokers following the oral ingestion of a flavanol-rich cocoa drink. The increase
in circulating NO pool may contribute to beneficial vascular health effects of flavanol-rich
food. (] Am Coll Cardiol 2005;46:1276-83) © 2005 by the American College of

Cardiology Foundation




Coronary Heart Disease

Dark Chocolate Improves Coronary Vasomotion and
Reduces Platelet Reactivity

Andreas J. Flammer, MD; Frank Hermann, MDD Isabella Sudano, MD, PhD): Lukas Spieker, MDD
Matthias Hermann, MDY, Karen A. Cooper, MSc, PhD; Mauro Serafini, PhD; Thomas F. Lascher, MDD
Frank Ruschitzka MDY, Georg Noll, MD; Roberto Corn, MD

Background—Dark chocolate has potent antioxidant properties. Coronary atherosclerosis is promoted by impaired
endothelial function and increased platelet actvation. Traditional risk factors, high oxidative stress. and reduced
antioxidant defenses play a crucial role in the pathogenesis of atherosclerosis. particulardy in transplanted hearts. Thus,
flavonoid-rich dark chocolste holds the potential to have a beneficial impact on graft athercsclerasis.

Methods and Resulis—We assessed the effect of flavenoid-rich dark chocolate compared with cocoa-free control
chocolate on coronary vascular and platelet function in 22 heart transplant recipsents in a double-blind, andomized
stody. Coronary vasomotion was assessed with quantitative coronary angiography and cold pressor testing before and
2 howrs afier ingestion of 40 g of dark (70% cocoa) chocolate or control chocolate, respectively. Two hours after
ingestion of flavenoid-rich dark chocolate, coronary arery diameter was increased significantly (from 2.36+0.35] o
251 =050 mm, P<<0.01), whereas it remained unchanged after control chocolate. Endothelium-dependent coronary
vasomation improved significantly afier dark chocolate (4.5+11.4% versus —43+11.7% i the placebo group,
P=0.01). Matelet adbesion decreased from 4.9+ 1.1% to 38+ 0.8% (P={0.04) in the dark chocolate growp but remained
enchanzed in the control growp.

Cownclusions—Dark chocolate indweces coronary vasodilation, improves coronary vascular function, and decreases platelet
adhesion 2 howrs afier consemption. These immediate beneficial effects were paralleled by a significant reduction of
serum oxidative stress and were positively comelated with changes in serum epicatechin concentration. (Circulation.
N7 116:2376-2381)

Key Words: atherosclerosis m endothelium m nutritson m oxidative stress m platelets




Sustained Benefits in Vascular
Function Through Flavanol-Containing

Cocoa in Medicated Diabetic Patients

A Double-Masked, Randomized, Controlled T'rial

Jan Balzer, MD,* Tienush Rassaf, MD,* Christian Heiss, MD,* Petra Kleinbongard, PHD,*
Thomas Lauer, MD,* Marc Merx, MD,* Nicole Heussen, PHD, Heidrun B. Gross, PHD,#
Carl L. Keen, PHD,# Hagen Schroeter, PHD,§ Malte Kelm, MD*

Aachen, Germany; Davis, California; and Rockuille, Maryland

Objectives

Background

Methods

Results

Conclusions

Our goal was to test feasibility and efficacy of a dietary intervention based on daily intake of flavanol-containing
cocoa for improving vascular function of medicated diabetic patients.

Even in fully medicated diabetic patients, overall prognosis is unfavorable due to deteriorated cardiovascular
function. Based on epidemiological data, diets rich in flavanols are associated with a reduced cardiovascular risk.

In a feasibility study with 10 diabetic patients, we assessed vascular function as flow-mediated dilation (FMD) of
the brachial artery, plasma levels of flavanol metabolites, and tolerability after an acute, single-dose ingestion of
cocoa, containing increasing concentrations of flavanols (75, 371, and 963 mg). In a subsequent efficacy study,
changes in vascular function in 41 medicated diabetic patients were assessed after a 30-day. thrice-daily dietary
intervention with either flavanolrich cocoa (321 mg flavanols per dose) or a nutrient-matched control (25 mg
flavanols per dose). Both studies were undertaken in a randomized, double-masked fashion. Primary and sec-
ondary outcome measures included changes in FMD and plasma flavanol metabolites, respectively.

A single ingestion of flavanol-containing cocoa was dose-dependently associated with significant acute increases
in circulating flavanols and FMD (at 2 h: from 3.7 £ 0.2% to 6.5 = 0.4%, p = 0.001). A 30-day, thrice-daily con-
sumption of flavanol-containing cocoa increased baseline FMD by 30% (p << 0.0001). while acute increases of
FMD upon ingestion of flavanol-containing cocoa continued to be manifest throughout the study. Treatment was
well tolerated without evidence of tachyphylaxia. Endothelium-independent responses, blood pressure, heart
rate, and glycemic control were unaffected.

Diets rich in flavanols reverse vascular dysfunction in diabetes, highlighting therapeutic potentials in cardiovas-
cular disease. (J Am Coll Cardiol 2008:51:2141-9) @ 2008 by the American College of Cardiclogy Foundation




Epicatechin Reduces Infarct Size by 82%

Control: No treatment Epicatechin 10 mg/kg
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p=<0.001 n=6






