
Many thousand polyphenolics in the plant world contribute
importantly to the human food supply. Probably the most
abundant are the flavonoids, which comprise the isoflavones in
soybean, the flavonol catechins and epicatechins in grapes and
tea, quercetin in onions and apples, naringin in citrus, and oth-
ers. The role of flavonoids as likely mediators of the health
benefits of eating fruit and vegetables and the potential of
flavonoids in promoting health as individual nutrients has
stimulated substantial research as well as speculation. On
occasion, epidemiologic associations and preliminary research
have led to overly simplistic extrapolations; eg, the Japanese
paradox is based on soy and green tea, the French paradox is
based on red wine, and the benefits of the Mediterranean diet
are based on olive oil. In each instance, single polyphenolics
such as genistein, epicatechins, resveratrol, or hydroxytyrosol
have been claimed to have powerful antioxidant activity. How-
ever, essential information such as the bioavailability, pharma-
cokinetics, and plasma concentrations of these compounds is
generally lacking in clinical studies.

Joining the lengthening list of candidate flavonoids are the
procyanidins found in grape seeds, tea, and cocoa. Procyanidins
are present in several oligomeric forms that are by no means
equipotent (1) and are complex molecules in which catechins,
epicatechins, and their gallic esters are linked (2). Like other
polyphenols, procyanidins display strong antioxidant activity in
vitro as well as other biological properties that have led to pos-
sibly premature claims for cardiovascular protection. The antiox-
idant activity of procyanidins has a linear relation to their con-
centration in tests such as the oxygen radical absorbance
capacity (ORAC) assay (3). In vitro, procyanidins are powerful
inhibitors of tyrosine nitration by peroxynitrite (4).

Rein et al (5) recently published in this Journal a study of the
inhibition by cocoa of platelet activation ex vivo. Several
indexes of platelet activation were diminished between 2 and 6
h after a cocoa beverage was consumed. ADP-stimulated P-
selectin expression, an important biomarker of thrombogenicity,
and epinephrine-induced fibrinogen binding conformation of
glycoprotein IIb-IIIa, a target of modern antiplatelet therapy,
were both lessened.

In the current issue of the Journal, Wan et al (6) report a study
of similar design, although the outcomes may be less persuasive.
Their interest was in the effects of the combined consumption of
cocoa and dark chocolate, which delivered a substantial 466 mg
procyanidins/d. Plasma epicatechin concentrations rose quickly to
a peak within 2 h of consumption and then declined rapidly. The
peak concentration was only in the low nanomolar range. Ex vivo

antioxidant activity was measured by LDL oxidizability, and serum
antioxidant capacity was assessed with use of the ORAC assay.
LDL oxidizability and serum antioxidant capacity both changed
significantly, although the LDL oxidation lag time was only 8%
greater and ORAC was only 4% greater after the subjects con-
sumed 466 mg procyanidins/d compared with an average American
diet. Although the conclusion would have been more convincing
had the concentration of epicatechins in plasma correlated with an
index of antioxidant activity, the results indicate support for bene-
ficial biological activity of cocoa procyanidins. Kondo et al (7)
reported similar prolongation in lag times after cocoa consumption.
Another reported effect of cocoa procyanidins in humans is
immunomodulatory; ie, interleukin 2 expression in circulating
mononuclear cells was found to be suppressed (1).

The study by Wan et al raises several issues that are common
to several recent published effects of flavonoids: their bioavail-
ability, the robustness of their biomarkers, and the clinical rele-
vance of the findings. Recent improvements in analytic methods
have enabled measurements of flavonoids and their metabolites
in plasma and urine. It is clear that the absorption and pharma-
cokinetics of these compounds vary widely among individuals,
reflecting conjugation, oligomeric forms, and the degree of con-
version to metabolites. Absorption and excretion of some of
these flavonoids is rapid. We found that, on average, only ≈25%
of isoflavones are absorbed (8), and because daidzein is excreted
more rapidly than is genistein, the apparent bioavailability of the
2 isoflavones may be misjudged. Reviewing the subject, Duthie
and Crozier (9) point out that the reported absorption of
quercetin ranges between 0% and 50% and may depend on its
different glucosides.

The robustness of biomarkers is critical to nutritional inter-
ventions. Results of such studies rank lower in the hierarchy of
evidence than do large clinical trials that are the hallmark of
drug-based therapeutic trials. Hence, the credibility of out-
comes derived from diet-based or nutrient-supplemented exper-
imental designs depends critically on biomarkers that serve as
surrogates of disease outcome. The robustness of the much
used ex vivo oxidizability of LDL has been questioned in
recent years. A major conference on the subject concluded that
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this assay be replaced by measurements of plasma concentra-
tions and excretion of isoprostanes, of hydroxy fatty acid con-
centrations, and of the emerging monoclonal antibodies that
target various epitopes of oxidized lipid-linked lipoprotein
(10). Furthermore, indexes of total antioxidant capacity, such
as ORAC, should be limited to assays of foods and should not
be used for biological fluids.

The clinical relevance of antioxidant assays needs to take into
account that tissue and cellular effects are not necessarily
reflected in events measured in plasma. Do the concentrations in
tissues reach biological potency? How small an effect is still clin-
ically useful; is an 8% prolongation in the ex vivo lag time of
LDL meaningful? In many studies of several flavonoids, changes
of this order were interpreted as being clinically relevant because
the differences were statistically significant.

The emerging data on procyanidins in cocoa are interesting
and likely to be nutritionally relevant. However, would healthy
adults necessarily benefit from further antioxidant supplementa-
tion in the form of dark chocolate? One lesson from the negative
findings of several vitamin E trials is that in the absence of bio-
marker measurements, it is impossible to conclude whether the
test population was already replete with antioxidants before the
interventions began and, therefore, unlikely to benefit from sup-
plementation. What weighting should nutritionists place on each
piece of evidence relating to the biological efficacy of single
flavonoids? Given that there are thousands of flavonoids in the
foods that we eat at one time or another, or daily of the more
common ones, should each new finding be greeted as an encour-
agement to eat that particular source because it contains a spe-
cific flavonoid? Is it not more purposeful to view the evidence on
individual flavonoids as integral to our understanding of the
potential of a diversified food supply and the mechanisms
through which that potential is mediated?

These issues lend support to those who argue for the con-
sumption of greater varieties of plant foods, the evidence for
which is derived from large prospective cohort studies.

REFERENCES
1. Mao TK, Powell JJ, Van De Water J, Keen CL, Schmitz HH. The

influence of cocoa procyanidins on the transcription of interleukin-
2 in peripheral blood mononuclear cells. Int J Immunother 1999;
15:23–9.

2. Lazarus SA, Adamson GE, Hammerstone JF, Schmitz HH. High-
performance liquid chromatography/mass spectrometry analysis of
proanthocyanidins in foods and beverages. J Agric Food Chem
1999;47:3693–701.

3. Adamson GE, Lazarus SA, Mitchell AE, et al. HPLC method for the
quantification of procyanidins in cocoa and chocolate samples and
correlation to total antioxidant capacity. J Agric Food Chem
1999;47:4184–8.

4. Arteel G, Sies H. Protection against peroxynitrite by cocoa polyphe-
nol oligomers. FEBS Lett 1999;462:167–70.

5. Rein D, Paglieroni TG, Wun T, et al. Cocoa inhibits platelet activa-
tion and function. Am J Clin Nutr 2000;72:30–5.

6. Wan Y, Vinson JA, Etherton TD, Proch J, Lazarus SA, Kris-Etherton
PM. Effects of cocoa powder and dark chocolate on LDL oxidative
susceptibility and prostaglandin concentrations in humans. Am J
Clin Nutr 2001;74:596–602.

7. Kondo K, Hirano R, Matsumoto A, Igarashi O, Itakura H. Inhibition
of LDL oxidation by cocoa. Lancet 1996;348:1514 (letter).

8. Nestel PJ, Pomeroy S, Kay S, et al. Isoflavones from red clover
improve systemic arterial compliance but not plasma lipids in
menopausal women. J Clin Endocrinol Metab 1999;84:895–8.

9. Duthie G, Crozier A. Plant-derived phenolic antioxidants. Curr Opin
Lipidol 2000;11:43–7.

10. Offord E, van Poppel G, Tyrrell R. Markers of oxidative damage and
antioxidant protection: current status and relevance to disease. Free
Radic Res 2000;33(suppl):S5–19.

564 EDITORIAL

 by guest on June 13, 2016
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/

