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Short Communication
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ABSTRACT Epidemiological studies suggest that a high dietary intake of flavanols, a subclass of flavonoids, is associated
with reduced risk of vascular disease. Clinical studies have also shown that the consumption of certain flavanol-rich foods
(e.g., cocoa, tea, red wine), as well as intake of the individual flavanol (-)-epicatechin, can result in improvement in a number of parameters associated with vascular disease, including improved endothelial function, reduced platelet reactivity, and
reduced oxidative stress. The present study assessed the effects of a flavanol-rich supplement on platelet reactivity and plasma
oxidant defense in a group of smokers, a population at an elevated risk for vascular disease. Male smokers were randomly
assigned to a placebo (n ! 10) or a flavanol-rich grapeseed extract (FRGSE; n ! 13) group, and after an overnight fast, blood
samples were collected before and at 1, 2, and 6 hours following consumption of the placebo or supplement. The FRGSE supplement, but not the placebo, significantly decreased ADP-stimulated platelet reactivity at 1, 2, and 6 hours following intake
(P " .05) compared to baseline levels. Similarly, the supplement, but not the placebo, decreased epinephrine-stimulated platelet
reactivity 2 hours following consumption. Plasma antioxidant capacity (total radical trapping antioxidant potential), lipid oxidation (plasma thiobarbituric acid-reactive substances), and serum uric acid concentrations were not affected in either group.
Thus smokers may obtain some health benefits from the consumption of certain flavanol-rich foods, beverages, and supplements.
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The average daily flavonoid intakes have been estimated
to be around 240 mg/day, though this can vary widely depending on fruit, vegetable, cocoa, tea, and red wine intakes.3 Flavanols are a subset of flavonoids, and recent data
suggest that typical daily intake of flavanols range from 10
to 40 mg/day.3,4 Flavanols consist of monomers (e.g., catechins and epicatechins) which are relatively well absorbed,4
and larger oligomers, which are thought to be poorly absorbed.4,10,11 Supplementation with the isolated flavanol,
(-)-epicatechin, can enhance endothelial function and increase circulating levels of nitric oxide (NO) species in
healthy adult subjects to extents similar to those observed
with a flavanol-rich cocoa extract.12 It is currently thought
that long-chain flavonoids can only be absorbed if they are
degraded into monomer or dimer units. Specifically, for flavanols and their longer-chained procyanidin (dimer and
longer) oligomers, radiolabeled monomers, dimers, and
trimers were transported across a layer of Caco-2 cells at a
rate approximately 10-fold greater than six-unit oligomers.13

INTRODUCTION

R

epidemiological evidence strongly suggests that the intake of flavanol-rich foods is associated
with a reduced risk for cardiovascular disease.1–4 Flavanolinduced reductions in oxidative stress, platelet reactivity, endothelial function, blood pressure, and measures of glucose
sensitivity and insulin resistance have all been reported following the incorporation of flavanol-rich food products into
the diet.5–9 It is therefore reasonable to speculate that readily absorbed flavanol-rich foods or beverages can augment
vascular function, particularly in at-risk populations such as
those with hypertension, high cholesterol, diabetes, or metabolic syndrome and smokers.
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Perfusion for 90 minutes of a flavanol-rich cocoa extract
high in dimers through the rat small intestine resulted in conversion of more than 95% of total passing flavanols to be
the unconjugated monomer, epicatechin.10
In the present study, a flavanol-rich grapeseed extract
(FRGSE) was produced from grapeseed extract whose flavanol chains were deoligomerized in a process that yielded
five times more monomers, 50 times more dimers, and seven
times more trimers than the originating grapeseed extract.
Acute supplementation of this FRGSE produced significantly higher total plasma phenolics in an experimental animal model, as well as in healthy adult humans, compared
to the levels obtained following the intake of the starting
grapeseed extract.14
Smoking is recognized as a major risk factor for the development of vascular disease. An estimated 30% of coronary heart disease in the United States has been attributed
to cigarette smoking.15 In general, smokers are more predisposed to develop angina, coronary syndromes, sudden
death, stroke, and aortic and peripheral atherosclerosis than
nonsmokers.16 A number of smoking-related clinical manifestations, including vascular dysfunction, prothrombotic
states, decreased NO availability, systemic inflammation,
and modification of lipid profiles, can be modulated by
lifestyle and diet, which could in turn reduce vascular-related morbidities and mortality. Acute dietary flavanol supplementation has been reported to improve endothelial dysfunction in smokers,7 suggesting that a diet rich in
high-flavanol foods would likely be beneficial in modulating some effects of smoking on vascular function. Unfortunately, smokers tend to have low intakes of flavonoid- and
flavanol-rich fruits, vegetables, and beverages.17–19 The
most appropriate health advice for smokers is to restrict, or
better yet eliminate, use of tobacco products. Many health
professionals also advise current smokers to consume a dietary supplement containing vitamins and minerals. This
may be particularly important for some vitamins such as folate and vitamin C, as the oxidative stress associated with
smoking can increase the requirement for these nutrients.20
Given the reported positive vascular effects associated with
the consumption of high flavanol diets, we investigated the
effects of an acute dose of an FRGSE on platelet reactivity
and plasma antioxidant capacity in male smokers.

MATERIALS AND METHODS
Subjects
Twenty-three male smokers (23.1 # 1.9 years old, weighing 82.9 # 2.1 kg, with a body mass index [BMI] of 25.6 #
0.6 kg/m2 and smoking 8.1 # 1.1 cigarettes/day [mean #
SEM]) were recruited from the greater Sacramento metropolitan area using newspaper advertisements and flyers on
campus at the University of California, Davis. Participants
had no history of cardiovascular disease, thyroid disorder,
diabetes mellitus, or other chronic illnesses. They did not
report taking antioxidant supplements for at least 1 month

prior to the study or consuming flavanol-rich foods or beverages for at least 10 days prior to the experiment. No aspirin was permitted for at least 4 days prior to the study,
since aspirin affects platelet-related primary hemostasis, a
key outcome measure of the present study. Informed consent and protocols were approved by the Institutional Review Board at the University of California, Davis.

Study design
A randomized, double-blind, parallel-arm study was conducted with two groups. A treatment group consumed 400
mg (2 $ 200-mg capsules) of an FRGSE (Oligonol™,
Amino Up Chemical Co., Sapporo, Japan), and a placebo
group consumed 400 mg (2 $ 200-mg capsules) of maltose
with identical size and appearance to treatment capsules.
Oligonol was prepared by a novel method that yielded higher
levels of flavanol monomers and dimers than were found in
the starting grapeseed extract material. The underlying principle for processing extracts in this way is that it should, in
theory, result in a higher fraction of the extract that is available for absorption. High-performance liquid chromatography analysis showed that two capsules provided approximately 70 mg of flavanol monomers and 60 mg of a
combination of dimers plus trimers.21 Following an
overnight fast and completion of a health questionnaire on
tobacco usage and dietary intake, baseline (0 hour) blood
was collected, after which participants consumed the two
treatment or placebo capsules with a small, plain buttered
bagel and 8 ounces of purified drinking water. Additional
blood samples were collected 1, 2, and 6 hours post-consumption. A 6-ounce turkey and cheese sandwich was provided following the third (2 hours) blood draw, and participants had access to purified drinking water ad libitum.

Sample collection
At each time point, 30 mL of blood was collected by
venipuncture into evacuated tubes containing sodium citrate
(for whole blood) and either EDTA or sodium heparin (for
plasma). Separators were used to obtain serum. Samples
were cooled in ice, centrifuged (1,800 g at 4°C for 10 minutes), and aliqouted within 1 hour of collection. For determination of plasma thiobarbituric acid-reactive substances
(TBARS) (see below), 1 mL of plasma was mixed with 0.25
mL of 4% (wt/vol) butylated hydroxytoluene/ethanol and
stored at –80°C until analysis.

Anthropometric measurements
Height was recorded using a wall-mounted stadiometer
(model S-100, Ayrtron Corp., Prior Lake, MN), weight was
measured using an electronic scale (Scale-tronix™ 6002,
Scale-tronix Corp., Carol Stream, IL), and an automated
blood pressure (BP) machine (Critikon™ Vital Signs Monitor 1846 SX, Critikon Corp., Tampa, FL) was used to record
BP and pulse (average of three measurements).
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Clinical laboratory measurements
Serum lipid and uric acid concentrations and whole blood
complete blood count (CBC) without differential were measured at the University of California, Davis Medical Center
clinical pathology laboratory using a Synchron LX-20 System (Beckman Coulter, Inc., Brea, CA).

measures analysis of variance (ANOVA) was performed,
and Student’s t test was used to assess differences between
baseline and post-intervention values. Transformations were
conducted when appropriate. Differences were considered
significant at P & .05.

RESULTS

Platelet function analysis

Subjects

Duplicate 1.0-mL whole blood samples were measured
for each time point. Platelet function was analyzed using a
PFA-100™ (Dade Behring, Inc., Deerfield, IL) as described
previously.22 Briefly, the test measures primary platelet-related hemostasis as the time required for whole blood to occlude an aperture in a collagen membrane cartridge under
shear conditions resembling those found near branching
points in the human cardiovascular system when first stimulated with ADP or epinephrine (EPI). Blood samples were
undisturbed for at least 30 minutes prior to analysis and assayed within 4 hours of collection.

Twenty-three subjects were randomly enrolled in the
study; 10 received the placebo, and 13 received the FRGSE.
No differences between groups existed at enrollment with
respect to age, weight, BMI, systolic and diastolic BP, years
smoking, or the number of cigarettes smoked/day (Table 1).
Clinical measures of serum total cholesterol (189 # 12 vs.
185 # 10 mg/dL), low-density lipoprotein (112 # 11 vs.
102 # 12 mg/dL), high-density lipoprotein (44 # 4.9 vs.
52 # 5.1 mg/dL), total cholesterol:high-density lipoprotein
ratio (4.6 # 0.5 vs. 3.8 # 0.3), non–high-density lipoprotein
cholesterol (145 # 12 vs. 136 # 10 mg/dL), and uric acid
(5.9 # 0.4 vs. 6.2 # 0.3 mg/dL) were similar in the placebo
and FRGSE groups, respectively. All indices of the CBC
were normal in all men. The placebo group had significantly
higher serum triglycerides at baseline than the FRGSE group
(162 # 80 vs. 102 # 56 mg/dL; P ! .043). Reported dietary
intakes and vitamin and supplement usage were similar between the two groups (data not shown).

TBARS
Plasma TBARS were determined as previously described.23 Briefly, 100 !L of plasma, 200 !L of 3% sodium
dodecyl sulfate, 800 !L of 0.1 mol/L HCl, 100 !L of 10%
(wt/vol) phosphotungstic acid, and 400 !L of 0.7% (wt/vol)
2-thiobarbituric acid were combined, vortex-mixed, and incubated at 95°C for 30 minutes. Samples were cooled in ice
and mixed with 1 mL of 1-butanol. After centrifugation
(1,800 g, 10 minutes, 4°C), 200 !L of the butanol phase
was separated and analyzed spectrofluorometrically (excitation at 515 nm; emission at 555 nm) using a plate reader
(Cetus, Perkin-Elmer, Norwalk, CT). TBARS were measured as malondialdehyde equivalents, and the final index
was calculated relative to serum triglycerides, since TBARS
are active in the lipid-soluble fraction of the plasma.

Total radical trapping antioxidant potential (TRAP)
Plasma TRAP was measured as previously described.23,24
Heparinized plasma was assessed for its ability to inhibit the
chemiluminescence produced by a mixture of 2,2%-azobis(2amidinopropane) dihydrochloride and luminol. Chemiluminescence was measured in a liquid scintillation counter
(Wallac 1410, Wallac Oy, Turku, Finland), and Trolox was
used as a positive control. Plasma antioxidant capacity was
calculated as the lag time prior to the increase in observed
chemiluminescence and was considered proportional to the
cumulative amount of antioxidant present in the plasma.

Data analysis
Data are presented as mean # SEM values and were analyzed by SigmaStat for Windows, version 2.03 (SPSS,
Chicago, IL). Baseline characteristics were compared using
unpaired t tests for individual parameters. One-way repeated

Platelet-related primary hemostasis
No significant differences were measured between the
placebo and FRGSE group at baseline for hemostasis stimulated by ADP-collagen (82.8 # 17 vs. 73.8 # 20 seconds)
and EPI-collagen (146 # 85 vs. 134 # 61 seconds), respectively. Compared to baseline values, consumption of 400 mg
of the FRGSE was associated with a significant increase in
ADP-stimulated clotting time at 1, 2, and 6 hours after baseline: 13.5 # 4.1% (P ! .01), 13.1 # 3.5% (P ! .032), and
15.6 # 4.1% (P ! .002), respectively (Fig. 1). Consumption
of the placebo had no effect on platelet-related primary hemostasis. Similarly, consumption of the FRGSE, but not the
placebo, resulted in a significant increase in EPI-simulated

TABLE 1.

Age (years)
Weight (kg)
BMI (kg/m2)
BP (mm Hg)
Systolic
Diastolic
Years of smoking
Cigarettes/day

BASELINE CHARACTERISTICS
Placebo (n ! 10)

FRGSE (n ! 13)

24.3 # 3.1
87.4 # 3.3
26.7 # 1.0

21.9 # 1.3
79.6 # 2.8
24.8 # 1.0

124 # 3.6
70 # 2.8
7.9 # 3.1
7.9 # 2.0

118 # 4.0
65 # 2.8
5.3 # 1.4
8.3 # 1.5

Data are mean # SEM values.
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FIG. 1. Percentage change of ADP-collagen-stimulated clotting
time. Data are mean # SEM values for placebo (n ! 10) and FRGSE
(n ! 13) groups. *P ! .01, **P ! .032, ***P ! .002, significantly
different from baseline within treatment.

clotting time of 14.9 # 7.8% (P ! .032) at 2 hours postconsumption (Fig. 2).

TBARS
Neither the FRGSE nor the placebo affected the concentration of TBARS when they were calculated relative to
serum triglyceride levels.

TRAP
Neither the FRGSE nor the placebo significantly affected
plasma TRAP values. Independent of the treatment group,
serum uric acid (urate) was significantly related to plasma
TRAP values (R2 ! 0.542, P ! .001).

DISCUSSION
A reduction in platelet reactivity following the intake of
the FRGSE is consistent with previous reports of improved
platelet function and platelet-related primary hemostasis following consumption of flavanol-rich foods,5 flavanol-rich

FIG. 2. Percentage change of EPI-collagen-stimulated clotting time.
Data are mean # SEM values for placebo (n ! 10) and FRGSE
(n ! 13). **P ! .032, significantly different from baseline within
treatment.

cocoa,25,26 chocolate,11 purple grape juice,27 and grape seed
and grape skin extract.28,29 In addition to decreased platelet
reactivity, flavanols have been reported to trigger other improvements in vascular function, including enhancement of
endothelial function after acute9 and chronic intake,30,31 protection against oxidized low-density lipoprotein damage to
vascular endothelial cells,32 MP-dependent vasodilation,33,34 and reductions in BP.35 Our observation that ADPand EPI-stimulated primary platelet hemostasis was not related to changes in plasma antioxidant activity or lipid oxidation suggests that the effects of the FRGSE on platelet
function may be acting through non–redox-related mechanisms.
Consistent with the results of the present study, intake of
flavanol-rich cocoa has been shown to reduce ADP- and
EPI-stimulated platelet reactivity within a 2–6-hour period
in nonsmokers.11,26,36 The anti-aggregatory effects of flavanols were associated with a reduction in ADP- and EPIinduced expression of platelet GPIIa/IIIb surface protein to
an extent similar to that achieved by low-dose (81 mg) aspirin.26,37
Flavanols may function in a number of ways, involving
both redox- and non–redox-related processes. As antioxidants, flavanol-rich extracts from tea,38 cocoa,38–40 and
grapeseed41 can scavenge free radicals in vitro and in vivo.
Smoking is associated with increased oxidative stress and
decreased antioxidant capacity,42–44 and vitamin C supplementation in smokers for 4 weeks has been reported to decrease plasma TBARS.45 However, in the present study we
did not observe any changes in plasma antioxidant capacity
as measured by plasma TBARS and TRAP following the
acute consumption of the FRGSE. In contrast, a significant
decrease in plasma TBARS was reported in healthy nonsmokers ingesting a flavanol-rich chocolate36 and in smokers ingesting a grapeseed extract.46 Potential explanations
for the differences between studies include different
amounts of total and individual flavanols and different time
periods tested.
In conclusion, the addition of flavanol-rich food and supplements to one’s diet may be health-promoting, improving
vascular parameters such as endothelial function and NO
availability.34,47 In the present study, male smokers consuming a novel FRGSE showed favorable changes in
platelet-related primary hemostasis. The amount of flavanols
delivered by the FRGSE did not influence plasma antioxidant capacity on an acute basis. A higher dose of flavanols
or a different combination of flavanols may be preferable to
the extract that was tested in this study. Supplementation of
flavanols by at-risk populations (e.g., smokers, diabetics,
postmenopausal women), in addition to healthy subjects,
warrants further study.

ACKNOWLEDGMENTS
We thank Elizabeth Noceti, Layla Shahmirzadi, and Claudia Pelletier for their clinical assistance. Funding for this

SMOKER’S PLATELET REACTIVITY AFTER FLAVANOLS

work was provided in part by a gift from Amino Up Chemical Co., Ltd., Sapporo, Japan.

REFERENCES
1. Ding EL, Hutfless SM, Ding X, Girotra S: Chocolate and prevention of cardiovascular disease: a systematic review. Nutr
Metab (Lond) 2006;3:2.
2. Buijsse B, Feskens EJ, Kok FJ, Kromhout D: Cocoa intake, blood
pressure, and cardiovascular mortality: the Zutphen Elderly Study.
Arch Intern Med 2006;166:411–417.
3. Mink PJ, Scrafford CG, Barraj LM, et al.: Flavonoid intake and
cardiovascular disease mortality: a prospective study in postmenopausal women. Am J Clin Nutr 2007;85:895–909.
4. Erdman JW Jr, Balentine D, Arab L, et al.: Flavonoids and Heart
Health: proceedings of the ILSI North America Flavonoids Workshop, May 31–June 1, 2005, Washington, DC. J Nutr 2007;137:
718S–737S.
5. Holt RR, Actis-Goretta L, Momma TY, Keen CL: Dietary flavanols and platelet reactivity. J Cardiovasc Pharmacol
2006;47(Suppl 2):S187–S196; discussion S189–S206.
6. Grassi D, Necozione S, Lippi C, et al.: Cocoa reduces blood pressure and insulin resistance and improves endothelium-dependent
vasodilation in hypertensives. Hypertension 2005;46:398–405.
7. Heiss C, Kleinbongard P, Dejam A, et al.: Acute consumption of
flavanol-rich cocoa and the reversal of endothelial dysfunction in
smokers. J Am Coll Cardiol 2005;46:1276–1283.
8. Vitseva O, Varghese S, Chakrabarti S, Folts JD, Freedman JE:
Grape seed and skin extracts inhibit platelet function and release
of reactive oxygen intermediates. J Cardiovasc Pharmacol 2005;
46:445–451.
9. Vlachopoulos C, Aznaouridis K, Alexopoulos N, Economou E,
Andreadou I, Stefanadis C: Effect of dark chocolate on arterial
function in healthy individuals. Am J Hypertens 2005;18:
785–791.
10. Spencer JP, Schroeter H, Shenoy B, Srai SK, Debnam ES,
Rice-Evans C: Epicatechin is the primary bioavailable form of
the procyanidin dimers B2 and B5 after transfer across the
small intestine. Biochem Biophys Res Commun 2001;285:
588–593.
11. Holt RR, Lazarus SA, Sullards MC, et al.: Procyanidin dimer B2
[epicatechin-(4beta-8)-epicatechin] in human plasma after the
consumption of a flavanol-rich cocoa. Am J Clin Nutr 2002;76:
798–804.
12. Heiss C, Schroeter H, Balzer J, et al.: Endothelial function, nitric
oxide, and cocoa flavanols. J Cardiovasc Pharmacol 2006;47
(Suppl 2):S128–S135; discussion S126–S172.
13. Deprez S, Mila I, Huneau JF, Tome D, Scalbert A: Transport of
proanthocyanidin dimer, trimer, and polymer across monolayers
of human intestinal epithelial Caco-2 cells. Antioxid Redox Signal 2001;3:957–967.
14. Hackman RM, Polagruto JA, Zhu QY, et al.: Flavanols: digestion, absorption and bioactivity. Phytochem Rev 2007 [epub 29
August].
15. Ockene IS, Miller NH: Cigarette smoking, cardiovascular disease, and stroke: a statement for healthcare professionals from
the American Heart Association. American Heart Association
Task Force on Risk Reduction. Circulation 1997;96:3243–
3247.

729

16. Ambrose JA, Barua RS: The pathophysiology of cigarette smoking and cardiovascular disease: an update. J Am Coll Cardiol
2004;43:1731–1737.
17. Strine TW, Okoro CA, Chapman DP, et al.: Health-related quality of life and health risk behaviors among smokers. Am J Prev
Med 2005;28:182–187.
18. Baer Wilson D, Nietert PJ: Patterns of fruit, vegetable, and milk
consumption among smoking and nonsmoking female teens. Am
J Prev Med 2002;22:240–246.
19. Palaniappan U, Jacobs Starkey L, O’Loughlin J, Gray-Donald K:
Fruit and vegetable consumption is lower and saturated fat intake
is higher among Canadians reporting smoking. J Nutr 2001;131:
1952–1958.
20. Gabriel HE, Crott JW, Ghandour H, et al.: Chronic cigarette
smoking is associated with diminished folate status, altered folate
form distribution, and increased genetic damage in the buccal mucosa of healthy adults. Am J Clin Nutr 2006;83:835–841.
21. Fujii H, Nakagawa T, Nishioka H, et al.: Preparation, characterization, and antioxidative effects of oligomeric proanthocyanidinL-cysteine complexes. J Agric Food Chem 2007;55:1525–1531.
22. Rein D, Paglieroni TG, Wun T, et al.: Cocoa inhibits platelet activation and function. Am J Clin Nutr 2000;72:30–35.
23. Wang JF, Schramm DD, Holt RR, et al.: A dose-response effect
from chocolate consumption on plasma epicatechin and oxidative
damage. J Nutr 2000;130(8S Suppl):2115S–2119S.
24. Schroeter H, Holt RR, Orozco TJ, Schmitz HH, Keen CL: Nutrition: milk and absorption of dietary flavanols. Nature 2003;426:
787–788; discussion 788.
25. Heptinstall S, May J, Fox S, Kwik-Uribe C, Zhao L: Cocoa flavanols and platelet and leukocyte function: recent in vitro and ex
vivo studies in healthy adults. J Cardiovasc Pharmacol
2006;47(Suppl 2):S197–S205; discussion S199–S206.
26. Pearson DA, Paglieroni TG, Rein D, et al.: The effects of flavanol-rich cocoa and aspirin on ex vivo platelet function. Thromb
Res 2002;106:191–197.
27. Shanmuganayagam D, Warner TF, Krueger CG, Reed JD, Folts
JD: Concord grape juice attenuates platelet aggregation, serum
cholesterol and development of atheroma in hypercholesterolemic
rabbits. Atherosclerosis 2007;190:135–142.
28. Polagruto JA, Schramm DD, Wang-Polagruto JF, Lee L, Keen
CL: Effects of flavonoid-rich beverages on prostacyclin synthesis in humans and human aortic endothelial cells: association with
ex vivo platelet function. J Med Food 2003;6:301–308.
29. Shanmuganayagam D, Beahm MR, Osman HE, Krueger CG,
Reed JD, Folts JD: Grape seed and grape skin extracts elicit a
greater antiplatelet effect when used in combination than when
used individually in dogs and humans. J Nutr 2002;132:
3592–3598.
30. Engler MB, Engler MM: The emerging role of flavonoid-rich cocoa and chocolate in cardiovascular health and disease. Nutr Rev
2006;64:109–118.
31. Wang-Polagruto JF, Villablanca AC, Polagruto JA, et al.: Chronic
consumption of flavanol-rich cocoa improves endothelial function and decreases vascular cell adhesion molecule in hypercholesterolemic postmenopausal women. J Cardiovasc Pharmacol
2006;47(Suppl 2):S177–S186; discussion S179–S206.
32. Steffen Y, Schewe T, Sies H: Myeloperoxidase-mediated LDL
oxidation and endothelial cell toxicity of oxidized LDL: attenuation by (-)-epicatechin. Free Radic Res 2006;40:1076–1085.

730

POLAGRUTO ET AL.

33. Fisher ND, Hughes M, Gerhard-Herman M, Hollenberg NK: Flavanol-rich cocoa induces nitric-oxide-dependent vasodilation in
healthy humans. J Hypertens 2003;21:2281–2286.
34. Fisher ND, Hollenberg NK: Aging and vascular responses to flavanol-rich cocoa. J Hypertens 2006;24:1575–1580.
35. Taubert D, Roesen R, Lehmann C, Jung N, Schomig E: Effects
of low habitual cocoa intake on blood pressure and bioactive nitric oxide: a randomized controlled trial. JAMA 2007;298:49–60.
36. Rein D, Lotito S, Holt RR, Keen CL, Schmitz HH, Fraga CG:
Epicatechin in human plasma: in vivo determination and effect of
chocolate consumption on plasma oxidation status. J Nutr
2000;130(8S Suppl):2109S–2114S.
37. Pearson DA, Holt RR, Rein D, Paglieroni T, Schmitz HH, Keen CL:
Flavanols and platelet reactivity. Clin Dev Immunol 2005;12:1–9.
38. Kris-Etherton PM, Keen CL: Evidence that the antioxidant
flavonoids in tea and cocoa are beneficial for cardiovascular
health. Curr Opin Lipidol 2002;13:41–49.
39. Zhu QY, Schramm DD, Gross HB, et al.: Influence of cocoa flavanols and procyanidins on free radical-induced human erythrocyte hemolysis. Clin Dev Immunol 2005;12:27–34.
40. Wiswedel I, Hirsch D, Kropf S, et al.: Flavanol-rich cocoa drink
lowers plasma F2-isoprostane concentrations in humans. Free
Radic Biol Med 2004;37:411–421.

41. Kar P, Laight D, Shaw KM, Cummings MH: Flavonoid-rich
grapeseed extracts: a new approach in high cardiovascular risk
patients? Int J Clin Pract 2006;60:1484–1492.
42. Ozguner F, Koyu A, Cesur G: Active smoking causes oxidative
stress and decreases blood melatonin levels. Toxicol Ind Health
2005;21:21–26.
43. Zhou JF, Yan XF, Guo FZ, Sun NY, Qian ZJ, Ding DY: Effects
of cigarette smoking and smoking cessation on plasma constituents and enzyme activities related to oxidative stress. Biomed
Environ Sci 2000;13:44–55.
44. Brown KM, Morrice PC, Duthie GG: Vitamin E supplementation
suppresses indexes of lipid peroxidation and platelet counts in
blood of smokers and nonsmokers but plasma lipoprotein concentrations remain unchanged. Am J Clin Nutr 1994;60:383–387.
45. Wen Y, Cooke T, Feely J: The effect of pharmacological supplementation with vitamin C on low-density lipoprotein oxidation. Br J Clin Pharmacol 1997;44:94–97.
46. Vigna GB, Costantini F, Aldini G, et al.: Effect of a standardized
grape seed extract on low-density lipoprotein susceptibility to oxidation in heavy smokers. Metabolism 2003;52:1250–1257.
47. Schroeter H, Heiss C, Balzer J, et al.: (-)-Epicatechin mediates
beneficial effects of flavanol-rich cocoa on vascular function in
humans. Proc Natl Acad Sci U S A 2006;103:1024–1029.

