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Overview of Talk
* History of chocolate

* Review of clinical research on
health benefits of chocolate

* Research at UCSD on epicatechin

* Implications for you

CACAO in MesoAmerica

For over 3500 years, chocolate
has been associated with
luxury. The Olmeca, 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
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Cacao: A multiuse natural product

Cacao was used as
currency & offered
in religious

il ceremonies by the
(| Aztecs

“The Beverage of The Gods”

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

Fast Forward to Modern Day:

Golfo del
Darién

PACIFIC OCEAN
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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

’QEpicatechin is responsible for the
“bitter” taste of dark chocolate

_ ®The consumption of
cocoa high in epicatechin
is thought to be
responsible for the low
incidence of
cardiovascular disease in
the Kuna Indians

KUNA vs. US Death Rates

CARDIOVASCULAR 83.410.7 9.213.1
CANCER 68.411.6 4.414.4 175
DIABETES 24.1%0.7 6.611.9 22

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

Epicatechin : A Pleiotropic Compound
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*Decreases blood pressure
sImproved Insulin Sensitivity
*Decreases Platelet Adhesion
*Lowers incidence of Ml and Stroke
*Prevents age related decline in
kidney function
*Reduces LDL cholesterol
*No known toxicity




Endothelial Dysfunction

Acute Consumption of Flavanol-Rich Cocoa
and the Reversal of Endothelial Dysfunction in Smokers

Chistian Heiss, MD, PHD," Petra Klcinbongard, PHD,t André Dejam, MD, PHI)t Sandra Perré, MS,t
Hagen Schroeter, PHD,# Helmut Sies, MD, PiD,* Malte Kelm, MDY
Ducsseldorf; Germany; and Davis, California

OBJECTIVES  This study was designed to assess the effect of flavanol-rich food on the circulating pool of
bioactive nitric axide (NO) and endothelial dysfunction in smokers.
S

udics suggest that smok d vascular discase s caused by impaired NO synthesis and

o dicts nc increase bioactive NO in plasma
METHODS , the efiects of i ch cocoa on circulating NO species in plasma
(RXNO) measured by reductive gas-phase chemiluminescence and endothelial function as

assessed by Bow-mediated dilation (I‘\IJ)) were Jur eri n;l;m; study orally
1g 88 0 370 mg favanols and in a randorms —blind
ocoa drink wi!h M‘,,'h (176 to 185 mg) or low 'I ) flavanol
content on two xpm. an In addition to cocos drink, ascorbic acid 1nd NO-synthase
inhibitor IMMA (n = 4y were applied.
RESULTS V‘E.,r; were significant increases in R. NO (21 = 3 nmol/ t0 29 = 5 .\mnlﬂ; and FMD (43
3 mg favancls, a
elated with increases in flavanol
olites. Cocos-associated increases in RXNO and D> were reversed by L-NMMA.

corbic acid had no effect
CONCLUSIONS The circulating pool of bioactive

O and endothelium-dependent vasodilation s scurely
increased in smokers following the oral ingestion of a flavanol-rich cocoa drink, The increase
in ciruling NO, pool may contbute al sl heakth fsts of firancl-ich

s o Candiol 200546:1376-83) © 2005 by the American College of
Cadiology }4»um.han

Dark Chocolate Improves Coronary Vasomotion and
Reduces Platelet Reactivity

sabella Sudano, MD, PhD: Lukas Spieker, MD:
Phi auro Serafini, PhD; Thomas F. Luscher, MD;
eorg Noll. MD: Roberto Corti, MD

Andreas J. Flammer, MD: Frank Hermann,
Mauthias Hermann, MD: Karen A. Cooper, M
Frank Ruschitzka, MD:

Background—Dark chocolate has potent antioxidant properties. Coronary atherosclerosis is promoted by impaired
endothelial function and increased platelet activation. Traditional risk foctors. high oxidative stress. and reduced
arn defenses play a crucial role in the pathog of p.nmu\ul\ in transp hearts. Thus,
Havonoidich dark Chocolsce holds the potenbal t have & beneicil impact on gralt heroaclerptis.
Methods and Resalts—We msessed the effect of lavonoidrich dark chocolae compared with coeo
chocolate on coronary vascular and platelet function in 22 heart transplant recipients in a double-blind, randomized
y angiography and cold pressor testing before and
control chocolate, respectively. Two hours after
antly (from 2 ©
nged after conwrol chocolate. Endothelium-dependent coronary
11.7% in the placebo group,
8% (P=0.04) in the dark chocolate group but remained

free control

% cocoa) chocolate or

ingestion of lavonoid-rich dark chocolate, coronary art
2. 0,59 mm, P<0.01), whereas it remained uncl
vasometion improved significantly after dark chocolate (4,
F=0.01). Platelet adhesion decreased from 4.9=1.1% to 3.5=1
unchanged in the control gr
“omelusions—Dark chocolate induces coronary vasodilation, improves coronary vasculas function, and decreases platelet
adhesion 2 hours after consumption. These immediate beneficial effects were paralleled by a signil
e in serum epicatechin concentrati

ameter was increased

o

(Cireutation.

serum oxidative stress and were positively correlated with ¢
2007;116:2376-2382.)

ificant reduction of
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ARTICLES

neuroscience

Enhancing dentate gyrus function with dietary
flavanols improves cognition in older adults

Adam M Brickman' %, Usman A Khan'5, Frank A Provenzana'5, Lok
Hagen Schroeter®, Melanie Wall%, Richard P Sloan®* & Scott A St 4

in Yeung!, Wendy Suzuki®,

The dentate gyrus (DG) Is a reglon In i 'm--mnmnunngmnm
ummcmw»mummmuﬁnwm«mo«m CH #HINCH 1 Beachd, Bt b0

y interventions that enhance DG function.
"" Issue by cﬂumlomrmw: FUSORINGE IEING IEMAT) bo map the

Bevelop 3 CORNItive tas
Then, In a contolled randomized tlal, nwmmmmnm heaity 50-63-yearld subjects who consumed ether
a high or low coesa flavanol-containing diet for 3 months. A high-flavanol intervention was found to enhance DG function,
25 Measured by IMRI and by COBNItive testing. Our fINdIngs establish that DG dysunction Is & driver of age-Telated cognitive
decling and suggest non-pharmacological means for Is amelloration.

Sustained Benefits in Vascular

Function Through Flavanol-Containing

Cocoa in Medicated Diabetic Patients

A Double-Masked, Randomized, Controlled Trial

Jan Balzer, * Tienush Rassaf, MD," Christian Heiss, MD," Petra Kleinbongas Puil
Thomas Laver, MD,* Marc Merx, MD,* Nicole Heusscn, PHD, Heidrun B. Gross, PHD;
Carl L. Keen, PHD,# Hagen Schrocter, PHD,§ Malke Kelm, MD*

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

Objectives and efficacy of

Background  Evenin
tunction

Methods. n, v
he beachial ey, pssms evels. o Ravanal metabobtes, 3ad Llérsblly after o ¢, snfle-dasé ingestion of
oo, 37, 04 963 .
asensed afier 2 304,
ke
favanois per dose). Both
respectively.
Resuts
In crcutating Navancis and FMD (31 2 : rom 3.7 = 0.2%10 6.5 = 0.4%, P < 0/001). A 30-83y, tvice-daily con-
(5 00001 o
o . Troatment was
el taerated blood pressure, heart

rate. 30 Pycemic control were unafiected.

Conclusions.
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Epicatechin Reduces Infarct Size by 82%

Control: No treatment

Epicatechin 10 mg/kg

PN ~ % i e -

p=<0.001 n=6

(-)-Epicatechin enhances fatigue resistance and oxidative
capacity in mouse muscle

Leonardo Nogueira', Israel Ramirez-Sanchez', Guy A. Perkins®, Anne Murphy®, Pam R. Taub',
Guillermo Ceballos*, Francisco . Villarreal', Michael C. Hogan' and Moh H. Malek®

*Department of Medicine, School of Medicine, Universiy of California, San Diego, CA, USA

*National Centre for Microscopy & Imageing Rescarch, and*Deparement of Pharmacology, La olla, CA 92093, USA

*Excuela Superior de Medicina de Instituto Polirécnica Nacional,Seccian de Posgrado, Mexico City, Mexico

*Insegrative Physiology of Exercise Laboratory, Wayne State University. Eugene Applebaum Callege of Pharmacy & Health Sciences,
Detroit, MI 48201, USA

Non-technical summary During exercise, skeletal muscle performance depends in great part
on the use of aerobic metabolism to supply the energetic demand of contractions. Endurance
training i i ity, which is not only associated with enhanced exercise
performance, but also with a decreased risk of cardiovascular and metabolic diseases. Recently,
it has been shown that regular use of small doses of dark chocolate may result in similar health
benefits to exercise training. We show here that mice fed for 15 days with (-)-epicatechin (present
in dark i ise p ied by: (1) an i ber

fcanillaries in the hindlimb ey B 4 e 1

as signalling for mitochondrial biogenesis. These results suggest that (-)-epicatechin increases
the capacity for bi i delaying the onset of fatigue. These findings

Increased Endurance Demonstrated

in Rodent Model

P b ot ey v o 8 47 Joumal ofthe Invemationsl
Society of Sports Nutrtion
RESEARCH ARTICLE Open Access

Dark chocolate supplementation reduces -
the oxygen cost of moderate intensity
cycling
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New Mechanism of Action of

: H Alterations in Skeletal Muscle Indicators of Mitochondrial Structure
EplcateCh in Based on Research at UCSD and Biogenesis in Patients with Type 2 Diabetes and Heart Failure:

Effects of Epicatechin Rich Cocoa

Pam R. Taub, M.D.'%, Israel Ramirez-Sanchez, Ph.D."*, Theodore P. Ciaraldi, Ph.D."?, Guy Perkins, Ph.D., Anne N. Murphy, Ph.D.",
Robert Naviaux, M.D., Ph.D.", Michael Hogan, Ph.D.", Alan 5. Maisel, M.D."%, Robert R. Henry, M.D.'2, Guillerma Ceballos, M.D, Ph.D.
and Francisco Villarreal, M.D., Ph.D.'
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Abstract

(-)-Epicatechin (Epi), a flavanol in cacaa stimulates mitochondrial volume and cristae density and protein markers of skeletal musde
(SkM) mitochondrial iogenesis in mice. Type 2 diabetes mellius (DM2) and heart faikre (HF) are diseases associated with defects
in SkM A study was impl d 1o assess b and to determine the effects of Eprich
cocoa in SkM mitochendrial structure and mediators of biogenesis. Five patients with DM2 and stage 11/l HF consumed dark chocolate
and a beverage containing approximately 100 mg of Epi per day for 3 months. We assessed changes in protein and/or activity levels
of oxidative phosphorylation proteins, porin, mitofiin, RNOS, nitric oxide, <GMP, SIRT1, PGC 1, Tiam, and mitochondria volume and
cristae abundance by electron microscopy from SkM. Apparent major losses in normal mitochondria structure were observed before:
treatment. Epi-rich cocoa increased protein and/or activity of mediators of biogenesis and cristae abundance while not changing
mitochondrial volume density. Epirich cocoa treatment improves SkM mitochondrial structure and in an orchestrated manney, in-
creases molecular markers of mitochondrial biogenesis resulting in enhanced cristae density. Future controlled studies are warranted
using Epirich cocoa (or pure Epi) 1o translate improved mitochondrial structure into enhanced cardiac and/or $kM muscle function.
Clin Trans Sci 2012; Volume 5: 43-47

Inhibits Mitochondrial Promotes Mitochondrial Biogenesis
Permeability

Transition Pore
(mPTP) Opening

Changes in Cristae After 3 months
of Dark Chocolate Consumption

Before After
Representative changes observed in sarcomeric microstructure by
EM (2 micron scale bar included) in two patients before (left panel A
an B) and after treatment (right panel C and D) with ERC.
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Our research suggests epicatechin works on the
mitochondria which produce energy for the body

Mitochondria
manufacture
ATP which fuels
all cell’'s & thus
the bodies
activities

a.bacall
"I read an article about the health benefits of
dark chocolate so | make sure all the donuts
| eat are covered with dark chocolate.”

Recent Epidemiological Evidence

State 3 <+ Chocolate consumption and mortality following a first acute myocardial infarction: the
o Stockholm Heart Epidemiology Program. Janszky | et al., J Intern Med, 266:248, 2009

Endog State 4, (uncoupled) @ Control
800 A 8 ¢ |@Epi 100nM
HH,
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Less is Better

< Chocolate intake and incidence of heart failure: a population-based prospective study of
middle-aged and elderly women. Mostofsky E et al., Circ Heart Fail, 3:612, 2010

<+ Chocolate consumption in relation to blood p and risk of i disease in
German adults. Buijsse B et al., Eur Heart J, 31:1616, 2010

OCR (pmolesimin)
8
o

200
ks
L e A i S e e o B B <+ Chocol ionis i I iated with p lent coronary heart disease:
9 10 oni:?e (rdnoi“)SO €0';70 The National Heart, Lung, and Blood Institute Family Heart Study. Djoussé L et al., Clin
2 Nutr, 2010
1
160 i < Chocol ionis i ly iated with calcified atherosclerotic plaque in the,
coronary arteries: The NHLBI Family Heart Study. Djoussé L et al., Clin Nutr, 2010

OCR (pmoles/min)

NoTx 3nM 30nM 300 nM 3uM
EPI  EPI EPI EPI |

FCCP Uncoupled Rate
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What you can do

+ Consume SMALL
amounts of dark
chocolate (at least
60% dark) once a
day.
* Asmall square =30
CALORIES

* The more “bitter” the
chocolate the better

What if you don’t like chocolate?

A famous quote
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Lobby of Jacobs Medical Center




