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Abstract

Growing evidence supports a cardio-protective role for anthocyanins; however, there is limited evidence on their efficacy
and safety following the consumption of relatively high but dietarily achievable doses in humans. We conducted a parallel-
designed, randomized, placebo-controlled study to examine the effect of chronic consumption of anthocyanins on
biomarkers of cardiovascular disease (CVD) risk and liver and kidney function in 52 healthy postmenopausal women (n = 26
in treatment and placebo groups). Volunteers (BMI, 24.7 = 3.6 kg/m?; age, 58.2 =+ 5.6 y) consumed 500 mg/d anthocyanins
as cyanidin glycosides (from elderberry) or placebo for 12 wk (2 capsules twice/d). At the beginning (wk 0) and end of the
12-wk intervention, levels of anthocyanins and biomarkers of CVD (inflammatory biomarkers, platelet reactivity, lipids, and
glucose) and liver and kidney function (total bilirubin, albumin, urea, creatinine, alkaline phosphatase, alanine aminotrans-
ferase, and y-glutyl transferase) were assessed in fasted blood. Anthropometric, blood pressure, and pulse measurements
were also taken. In addition, postprandial plasma anthocyanins were measured (t = 1, 2, 3 h) following a 500-mg oral bolus
dose. After 12 wk of chronic exposure to anthocyanins, there was no significant change in biomarkers of CVD risk and liver
and kidney function remained within clinically acceptable ranges. We observed no plasma accumulation of anthocyanins;
however, postprandial metabolism increased (P = 0.02). In conclusion, these data suggest that chronic consumption of

500 mg/d of elderberry extract for 12 wk is apparently safe, but ineffective in altering biomarkers of CVD risk in healthy

postmenopausal women. J. Nutr. 139: 2266-2271, 2009.

Introduction

Dietary flavonoids have emerged as potential candidates to
protect against cardiovascular disease (CVD),® with prospective
studies (1,2) suggesting that higher intakes reduce the relative
risk of CVD. Mechanistic studies also support beneficial effects
of flavonoids on established biomarkers of CVD risk, including
nitric oxide, inflammation, and endothelial dysfunction (3-5). In
our recent meta-analysis of randomized controlled trials (6),
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flavonoids in chocolate and soy protein isolate had a positive
impact on a number of CVD risk markers, including blood
pressure and flow-mediated dilation; however, in agreement
with a previous review of epidemiologic studies (7), insufficient
evidence was available to determine the relative importance of
several flavonoid subclasses on CVD risk, including anthocya-
nins (6).

Anthocyanins confer the red, blue, and purple colors to many
fruits and vegetables, with levels particularly high in berries; e.g.,
100 g of blackcurrants provide up to 900 mg of anthocyanins
(8). Available data from prospective studies suggest that habitual
daily intakes of anthocyanins may be relatively low, within the
range of 3-200 mg/d (9-11); however, these levels may be
unrepresentative of actual intake in part due to the lack of
comprehensive nutrient databases, including quantitative levels
of anthocyanins. Nonetheless, even at these low levels of intake,
these cohort studies have reported a reduced risk of coronary
heart disease (CHD), CVD, and total mortality with increased
anthocyanin consumption (1).

0022-3166/08 $8.00 © 2009 American Society for Nutrition.

2266 Manuscript received July 22, 2009. Initial review completed August 25, 2009. Revision accepted September 11, 2009.

First published online September 30, 2009; doi:10.3945/jn.109.113126.

220z 1snbny .z uo ysenb Aq £€650/9%/992¢/2 1/6€ L/31011HE/UljW0d dno"dlWwapede//:sd)y Woi PepeojumMoQ



To date, the limited number of human interventions with
anthocyanin-rich extracts and foods has provided equivocal
data. Whereas relatively low-dose anthocyanin interventions
(19—~100 mg/d) have been associated with significant reductions
in ischemia (12), blood pressure and Intima media thickness
(13), lipid levels (14), inflammatory status (15), and oxidative
stress in participants with clinically diagnosed disease (e.g.
CHD, hyperlipidemia), studies using similar doses in healthy
individuals found little effect (16-18). However, 1 study by
Karlesen et al. (19) showed significant improvements in plasma
inflammatory biomarkers [interleukin (IL)-8 and chemokine
ligand 5 (RANTES)].

Despite the extensive number of studies feeding anthocya-
nins, there are still limited data regarding the safety of prolonged
consumption of physiologically relevant doses of anthocyanins.
Therefore, to establish the effects of chronic consumption of
anthocyanin on vascular, inflammatory, and lipid and lipopro-
tein responses and to address the paucity of data on safety
biomarkers of liver and kidney function, we conducted a 12-wk
randomized, parallel design, placebo-controlled trial in healthy
postmenopausal women.

Materials and Methods

Participants. Fifty-seven healthy postmenopausal women were recruited
by advertisement in the university area and in the local media. Postmen-
opausal women were selected because they have an elevated risk of CVD
compared with younger women (20) but remain a relatively understudied
population. Eligible participants were postmenopausal women (no men-
struation for at least 12 mo) <70 vy, not taking hormone replacement
therapy for =6 mo, with BMI in the 20-32 kg/m* range and who were
nonsmokers (i.e. never smokers or those ceasing =12 mo ago). During a
telephone screening, participants were excluded if they had a history of
1 of the following; diabetes; hepatic, renal, cardiac, pulmonary, digestive,
hematological, neurological, thyroidal, or psychiatric disease; or taking
concomitant therapy (e.g. antiinflammatory or steroidal medication, or
vaccines and antibiotics). Those on therapeutic or weight-loss diets, using
dietary supplements, or involved in a clinical trial within 4 mo prior to the
study were also ineligible. At a clinical screening, participants with anemia,
untreated hypertension, or results outside of the age-adjusted range for
fasted renal, liver, lipids, and glucose were also excluded. The study was
conducted at the University Clinical Research and Trials Unit and the
protocol was approved by the Norfolk Research Ethics Committee and all
participants provided written informed consent.

Capsules. An elderberry (Sambucus nigra) extract was encapsulated,
with each opaque capsule containing 125 mg of anthocyanin (cyanidin-
3-glucoside) (Artemis International). Identical placebo capsules were
also produced. Participants received a 12-wk supply of capsules in 6
2-wk batches and participants and researchers were unaware of the
treatment allocation. Quantification of anthocyanin capsule content was
verified prior to commencement of the trial using HPLC.

Study protocol. In this double-blind, placebo-controlled, parallel study,
57 volunteers were stratified by age, number of years postmenopause,
and BMI and randomized to the placebo (7 = 29) or anthocyanin (2 = 28)
treatment group. Five of the 57 participants randomized to treatment did
not complete the study (2 anthocyanin treatment, 3 placebo treatment)
(Fig. 1): 1 discovered a lump on a routine breast scan, 2 were withdrawn
by the researchers [1 for poor compliance (<85%), 1 for recurrence of a
condition previously undisclosed], 1 experienced anal irritation, and
1 was lost to follow-up. The characteristics of the 52 participants who
completed the study are shown (Table 1) (26 anthocyanin, 26 placebo).
Participants consumed 4 capsules (2 X twice/d) each day for 12 wk; 2 in
the morning and 2 in the evening. The anthocyanin capsules (4/d)
provided a total of 500 mg/d anthocyanin (as cyanidin-3-glucoside),
equivalent to the anthocyanin levels found in 25 g elderberries, 100 g
blueberries, and 140 g blackberries. For 7 d preceding and during the
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Not enrolled 2 (n

=29)

[ Randomized? (n = 57) ]

I
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Incomplete records;
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FIGURE 1 Trial profile summarizing the flow of study participants
during recruitment, treatment allocation, follow-up, and analysis. 1,
Failed clinical screen (n = 24). 2, Passed clinical screen but withdrew
before baseline (n = 5). 3, Treatment groups balanced for mean
participant age, BMI, and years since menopause. 4, Lost to follow-up
after cosmetic surgery (n = 1), poor compliance (n = 1). 5, Adverse
events (n=3);analirritation (n= 1), recurrence of previously undisclosed
condition (n = 1), lump found in routine breast scan (n=1).

12-wk trial, participants were instructed to avoid consuming anthocyanin-
rich fruit, berries, and vegetables (e.g. blueberries, raspberries, plums,
red grapes, red cabbage, radish) and products derived from such items (e.
g. fruit juices from berries, berry-rich jams and desserts, red wine, and
sherry) and limit the intake of foods with a lower anthocyanin yield (e.g.
red apples, nectarine, black olives, aubergine) (a list was provided). In
addition, the following foods that potentially alter CVD risk biomarkers
were also limited: dark chocolate, tea, and oily fish. A list of foods that
could be freely consumed was supplied along with instructions to
maintain normal exercise and lifestyle patterns. Compliance with the

TABLE 1 Baseline and end of study characteristics of healthy
postmenopausal women completing 12-wk
supplementation with anthocyanin (600 mg/d)
or placebo'?

Placebo Anthocyanin

Age, y

d1 583 = 5.8 58.1 =55
Menopausal years, y

d1 77 =55 8064
BMI, kg/m’

d1 243 + 34 251 =38

wk 12 244 +33 251 =39
Systolic blood pressure, mm Hg

d1 130 = 14 123 £ 15

wk 12 124 =15 124 =13
Diastolic blood pressure, mm Hg

d1 82 =1 78 7

wk 12 80 = 10 7x7
Pulse, beats/min

d1 616 658

wk 12 639 64 =9

" Values are means * SD, n = 26/group.

2No significant treatment effects were observed by univariate general linear
ANCOVA. No significant differences were observed between treatment groups at
baseline by 1-way ANOVA.

Safety and efficacy of elderberry anthocyanins 2267

220z 1snbny .z uo ysenb Aq £€650/9%/992¢/2 1/6€ L/31011HE/UljW0d dno"dlWwapede//:sd)y Woi PepeojumMoQ



dietary restrictions was monitored via 4-d food diary records. Compli-
ance with treatment was determined by counting the returned capsules at
the end of the trial and measuring anthocyanin excretion in the first
morning urine void at baseline and at the end of intervention.

Participants were assessed at the start (wk 0) and end (wk 12) of the
intervention period and the 2 assessment days followed an identical
schedule. Fasting blood samples were collected for assessment of plasma
anthocyanins, CVD biomarkers (inflammatory biomarkers, lipids, glu-
cose, platelets) and liver and kidney function [total bilirubin, albumin,
urea, creatinine, alkaline phosphatase (ALP), alanine aminotransferase
(ALT), and y-glutyl transferase (GGT)]. They were then given a 500-mg
bolus dose (equivalent to the daily dose administered within the study) of
elderberry anthocyanins and provided with a standard breakfast
consisting of white toast with spread and cereal. Further blood samples
were then collected at 1, 2, and 3 h postbolus consumption. Plasma was
obtained by centrifugation at 1500 X g for 15 min within 30 min of
collection. To quantify anthocyanin levels in plasma, samples were
acidified with HCI (to a final concentration of 1%) within 10 min of
collection to stabilize the anthocyanins and subsequently stored at 4°C
until later analysis on the day of collection. All other plasma samples were
stored at —80°C until further analysis. For the platelet sample collection,
whole blood (3.0 mL) was drawn into sodium citrate tubes under
minimal pressure and without the use of a tourniquet. Body weight,
height, blood pressure and pulse rate were measured in duplicate
following standardized protocols. All measures were taken before the
blood draw and in the case of blood pressure and pulse rate after a rest
period of at least 5 min.

Plasma biomarkers of CVD risk. Plasma concentrations of C-reactive
protein (CRP) [R&D Systems; minimum detectable level (MDL), 0.01
ung/L], IL-6 (R&D Systems; MDL, typically <0.7 ng/L), tumor necrosis
factor-a (TNFa) (Cayman Chemical; MDL, 3.9 ng/L), TNF receptor
1 (TNFR-1) and TNFR-2 (both Hycult Biotechnology; MDL, 25 ng/L),
endothelin-1 (R&D Systems; MDL, typically <1.0 ng/L), and RANTES
(R&D Systems; MDL, 2.0 ng/L) were measured using commercially
available ELISA kits according to the manufacturer’s protocol. Intra-
assay precision ranged from 2.9% CV (for CRP) to 5.9% CV (for IL-6),
interassay precision ranged from 2.7% CV (for CRP) to 8.0% CV (for
IL-6). Fasting glucose and lipid analysis (cholesterol, HDL cholesterol,
LDL cholesterol, and triglycerides) were analyzed using automated
diagnostic equipment (Abbott Architect Instruments) following standard
protocols at the pathology laboratory at the Norfolk and Norwich
University Hospital.

Platelet reactivity. Platelet reactivity was assayed in response to
stimulation with ADP and collagen according to previously published
methods (21). Briefly, whole blood (25 uL) was incubated for 10 min at
room temperature with Mg-HEPES buffer (1 mL pH 7.4 unstimulated
control) and then 2 additional aliquots were stimulated with either ADP
(10 wmol/L) or collagen (4 mg/L). Postincubation, 100-uL aliquots were
transferred into tubes containing labeled monoclonal antibodies:
procaspase activating compound-1 (Pac-1)-fluorescein isothiocyanate
(Becton Dickenson), CDé61-allophycocyanin (Invitrogen), and CD62-
phycoerythrin (Invitrogen) and incubated at room temperature for 20
min. Samples were then fixed with 1% paraformaldehyde and stored in
the dark until analysis. All samples were analyzed on the day of
collection using a Beckman Coulter Cytomics FC500 MPL flow
cytometer. Data analysis was performed using CXP software (Beckman
Coulter V.2.1), with activated platelets defined as the percentage of
CD61 positive events that expressed CD62 or Pac-1.

Liver and kidney function. Plasma concentrations of total bilirubin,
albumin, urea, and creatinine together with enzyme activities of ALP,
ALT, and GGT were determined using automated diagnostic equipment
(Abbott Architect Instruments) following standard protocols at the
Norfolk and Norwich University Hospital.

Extraction and quantification of anthocyanins in plasma. Iden-
tification and quantification of anthocyanins was accomplished using
previously published methods (22). Briefly, prior to the extraction of
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anthocyanins, 50 uL delphinidin-3-glucoside (Extrasynthese) was added
to samples (per 200 uL plasma) as internal standards. Samples were
vortexed and centrifuged (16000 X g at 4°C for 15 min) and supernatants
were transferred directly into autosampler vials for analysis. Samples were
analyzed on an Agilent 1100 HPLC system with UV-diode array and
electrospray ionization-MS detection (Agilent Technologies). The chro-
matographic column was a Gemini C18 (3 wm; 3.0 mm i.d. X 150 mmy;
Phenomenex) and the mobile phase consisted of acidified (95:5, v:v formic
acid) water and acetonitrile (Sigma-Aldrich). Plasma concentrations of
total parent anthocyanin compounds were calculated by summing levels of
cyanidin-3-sambubioside-5-glucoside, cyanidin-3-sambubioside, cyandin-
3-glucoside, and cyanidin in each hourly sample (0, 1, 2, and 3 h);
similarly, total anthocyanin metabolites were calculated by summing the
levels of cyanidin-3-glucuronides and cyanidin-3-sulfate.

Statistical analyses. Results were tested for normality using Shapiro-
Wilk analyses and data that were not normally distributed were
transformed (using log10 function) prior to statistical analyses. Differ-
ences between the treatment groups at baseline were determined using
1-way ANOVA. Analysis of treatment effect between placebo and
anthocyanin groups was determined using univariate general linear
ANCOVA model, with baseline levels as a covariate. Differences
between the treatment groups for postprandial levels of plasma
anthocyanins was determined at wk 12 using a repeated-measures
general linear model (repeated measures; 0-, 1-, 2-, 3-h plasma levels).
For the platelet analysis, data were split into 3 groups (ADP, collagen,
and control) and CD62 and Pac-1 expression were analyzed using 2-way
ANOVA with treatment and time as factor variables. For nonparametric
data (GGT, glucose, IL-6, endothelin-1, TNFR1), Kruskal-Wallis tests
were performed. Data were analyzed using SPSS 16.0 for Windows
statistical analysis software and P = 0.05 was considered significant.

Results

In this randomized, parallel-design, placebo-controlled trial, 57
postmenopausal women consumed 4 capsules/d containing 500
mg anthocyanins (total) for 12 wk. For the 52 participants that
completed the study (Fig. 1), compliance with treatment was
high, with 96.8 and 97.7% of the capsules consumed for the
treatment and placebo groups, respectively.

The 12-wk intervention did not affect plasma levels of
inflammatory biomarkers (CRP, TNFa, IL-6, TNF RI and RII,
and RANTES), vascular activity (endothelin-1, platelet reactiv-
ity, blood pressure, pulse), plasma lipids and lipoproteins (total
cholesterol, HDL cholesterol, LDL cholesterol, triglycerides), or
glucose concentrations, which were all within the anticipated
physiological range (Table 2).

Potential effects of the intervention on liver and kidney
functions were also assessed. There was no effect of the
treatment on the kidney function markers; urea and creatinine
or the liver function markers; albumin, ALT, GGT, or ALP.
There was a change in plasma bilirubin in the treatment group
compared with the placebo group (P < 0.05); however, the
change was minimal (an increase of 1.0 mmol/L over 12 wk) and
the mean level remained within the normal physiological range
for this age group (0-22 mmol/L).

At the beginning (wk 0) and end of the study (wk 12), the
level of anthocyanin metabolism was also assessed. At wk 12,
the plasma concentration of anthocyanin metabolites of the
treatment group was greater (P = 0.02) than that of the control,
whereas plasma levels of parent compounds (anthocyanin) did
not differ (P = 0.06) (Fig. 2).

Discussion

The objectives of this study were to establish whether anthocy-
anins from elderberries could beneficially affect biomarkers of
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TABLE 2 Plasma biomarkers of liver and kidney function as

well as CVD risk in healthy postmenopausal women

before and after 12-wk supplementation with
anthocyanin (500 mg/d) or placebo’

Placebo Anthocyanin
d1 wk 12 d1 wk 12
Liver and kidney function
n 26 26 26 26
Albumin, g/L 417 24 401 =28 407 £ 23 39423
ALT, U/L 189 £67 176+75 213 =108 187 =58
GGT, UL 220 =163 19.0 =115 21.0 =142 183 =95
AL, UL 726 =149 702 = 155 79.0 £199 747 = 184
Creatinine, mmol/L 754 +91 764 *+ 96 76.0 =101 77.3 =89
Bilirubin, mmol/L 120 £35 116 £3.1* 130 £59 140 * 54*
n 26 26 24 24
Urea, mmol/L b0 +14 49%+12 50+11 54%+14
Biomarkers of CVD risk
n 26 26 26 26
Glucose, mmol/L 48 =05 50 =06 49 04 49 =04
Cholesterol, mmol/L b5+ 06 53*=09 5407 55=*x07
HDL cholesterol, 16 =03 16 0.3 16 04 16 =04
mmol/L
Total:HDL cholesterol 35 05 35 %06 3507 35x08
TNF-RI, peg/L 0803 09=x03 08+03 09=*=03
TNF-RII, weg/L 17+08 18=*09 17+09 15=*05
RANTES, g/l 11809 1M4=x12 11808 115x12
Endothelin-1, ng/L 09 +04 10+03 10+04 14 +13
IL-6, ng/L 10+14 09=*09 10+09 1.0=*06
TNFe, ng/L 148 £93 130*x92 153 = 11.1 105 £ 55
n 25 25 26 26
CRP, mg/L 09+09 09=x07 13+10 13=*11
n 25 25 25 25
LDL cholesterol, 3506 33x08 3406 34=x07
mmol/L
Triglycerides, 0903 10=x04 09+03 10%=03
mmol/L
Platelets?
n 26 26 26 26
CD62 control at 0 h 29+28 35%20 20+12 55+48
CD62 collagenat 0h 49 *+44 52+ 24 39+29 7451

CD62 ADP at 0 h
Pac-1 control at 0 h
Pac-1 collagen at 0 h
Pac-1 ADP at 0 h

334 =108 394 =96

35+ 21
71 * 46

639 =172 718115

33+123
89 47

312 =122 402 =108

37 £33
70 £58

636 = 147 70.1 =125

40 + 25
102 = 6.7

"Values are means + SD, n = 26/group. No significant treatment effects were
observed by univariate general linear ANCOVA except for bilirubin. *Between-
treatment effect at wk 12, P = 0.04. No significant differences between treatment

groups at baseline by 1-way ANOVA.
2 Expressed as % positive platelets.

CVD risk in postmenopausal women and to determine the
relative safety of chronic ingestion of high, but dietarily
achievable doses of anthocyanins, on liver and kidney function.
Although a number of cohort and intervention studies have
shown a potentially beneficial effect of anthocyanins on CHD
and CVD (1,6), few trials have established the effect of
prolonged exposure to physiologically relevant doses on liver
and kidney function.

Unlike previous anthocyanin trials in patients with estab-
lished CVD (13-15), our 12-wk dietary supplementation with
500 mg/d elderberry anthocyanins did not affect a range of
established CVD risk biomarkers, including inflammation,

40 *
35 m Chronic

® Acute
30 — Parent

-—Metabolite

Concentration (ug/L)

Time (h)

FIGURE 2 A 3-h time course of plasma concentrations of total
parent and metabolized anthocyanins after the consumption of an oral
bolus dose of elderberry extract anthocyanins (500 mg) at wk 12.
Participants previously exposed to chronic supplementation of 500
mg/d for 12 wk are described as chronic, whereas participants
previously exposed to supplementation with placebo for 12 wk and
given a 1-off bolus dose are described as acute. Total parent
anthocyanins detected in plasma represent the summing of cyani-
din-3-sambubioside-5-glucoside, cyanidin-3-sambubioside, cyandin-3-
glucoside, and cyaniding at each time point, whereas total anthocyanin
metabolites represent the summing of glucuronide and sulfate
derivatives at each time point. Values are means + SD, n = 26/group.
Data were analyzed using a repeated measures general linear model
(repeated measures, 0, 1, 2, 3 h). * Difference between treatment
groups effect for concentration of anthocyanin metabolites over 3-h
period, P = 0.02.

vascular reactivity, and plasma lipid and lipoprotein profiles,
suggesting limited efficacy in apparently healthy individuals. To
this extent, the results of this study are consistent with 2 previous
studies (16,18) using related, but not directly comparable,
interventions with fruit juice (elderberry and cranberry juices,
respectively), that also found no effect after feeding healthy
volunteers fruit juices containing relatively low levels of antho-
cyanins (40 and 2.2 mg/d anthocyanins, respectively) over a
shorter duration (both 2-wk interventions).

Our findings are, however, inconsistent with 2 recent studies
conducted on healthy male and female volunteers. The first
study observed a reduction in CVD biomarkers (CRP, RANTES,
and nitric oxide) following a 28-d consumption of sweet cherries
that contained ~100 mg/d anthocyanins (providing ~25% of the
400-mg total polyphenol content of the cherries) (23) and the
second showed a reduction in inflammatory markers (IL-8 and
RANTES) following a 3-wk intake of 300 mg/d of purified
anthocyanins derived from bilberries and blackcurrants (19).
Differences in study design may explain the differential effects
we observed on biomarkers of CVD risk. A comparison of
baseline inflammatory status shows that our participants had
levels of CRP that equated to a CVD risk at the lower level of
average risk (24) (mean of 1.1 mg/L), whereas the other study
populations (19,23) had mean CRP levels ranging from the
upper level of average risk [1.0-3.0 mg/L (24)] to a high risk
classification [>3.0 mg/L (24)]. Such low levels of inflammation
in our study are likely to have contributed significantly to the
lack of response to anthocyanin intervention. The Kelley et al.
(23) study fed food rich in anthocyanins, rather than an
anthocyanin extract; the food matrix may alter bioavailability
of the anthocyanins or anthocyanins in foods may act synergis-
tically with other components to exert biological effects. Also,
cherries contain a number of other phenolic compounds (e.g.
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~200 mg/d hydroxycinnamates were present in the 280 g/d
cherries) that may have contributed to the antiinflammatory
response observed (23).

Our lack of effect on inflammatory biomarkers also contra-
dicts the observed epidemiological findings (1) where a signif-
icant inverse association between anthocyanin consumption and
risk of CHD, CVD, and total mortality was observed; after
multivariate adjustment, the relative risk of CHD and CVD for
the highest compared with the lowest quintile of anthocyanin-
rich foods was 0.88 (95% CI, 0.78-0.99) and 0.90 (95% CI,
0.86-0.935), respectively (1). Our study examined high levels of
anthocyanin intake over a short period of time (12 wk), whereas
the inverse associations observed in the prospective epidemio-
logical study (1) focus on risk reduction following long-term
exposure to anthocyanin-rich foods. It is likely that this
difference in the relative periods of exposure to anthocyanin
intake explain much of the variation in CVD risk between our
randomized controlled trial and the available epidemiological
data.

Chronic exposure to high but dietarily achievable levels of
anthocyanins did not lead to clinically significant changes in
plasma markers of liver and kidney function. Whereas there was
an increase in bilirubin levels in the anthocyanin group (P = 0.04)
following the 12-wk intervention, mean levels remained clinically
normal (i.e. well within the clinically acceptable range for this age
group). These results are consistent with 2 previous studies
(25,26) that showed no clinically deleterious effects of anthocy-
anins at lower doses (200 and 250 mg/d, respectively) over
shorter periods of time (8 and 4 wk, respectively). No anthocy-
anins were detected in the fasting plasma samples of those
randomized to anthocyanin treatment for 12 wk, suggesting
efficient clearance without accumulation. In addition, individuals
chronically consuming anthocyanins for 12 wk had increased
plasma levels of anthocyanin metabolites postprandially relative
to the control group (acute consumption), thus suggesting
improved metabolic efficiency and further implicating safety.

In conclusion, these data confirm that supplementation with
a relatively high but dietarily achievable dose of anthocyanins
for 12 wk is safe but does not provide added cardioprotective
benefits in this group of postmenopausal women. Future
investigations should therefore focus on establishing the differ-
ential cardiovascular benefits of anthocyanins in population
groups with and without clinically confirmed disease (high vs.
low risk) to establish their usefulness in either the prevention or
treatment of CVD.

Acknowledgments

A.C., G.J., and PA.K. designed the intervention study; P.J.C.,
W.J.H., R.W., and C.D.K. conducted research and laboratory
measurements; P.J.C. analyzed data; P.J.C., P.A.K., C.D.K., and
A.C. wrote the paper. All authors read and approved the final
manuscript. A.C. had primary responsibility for final content.

Literature Cited

1. Mink PJ, Scrafford CG, Barraj LM, Harnack L, Hong CP, Nettleton JA,
Jacobs DR Jr. Flavonoid intake and cardiovascular disease mortality: a
prospective study in postmenopausal women. Am J Clin Nutr.
2007;85:895-909.

2. Mursu J, Voutilainen S, Nurmi T, Tuomainen TP, Kurl S, Salonen JT.
Flavonoid intake and the risk of ischaemic stroke and CVD mortality in
middle-aged Finnish men: the Kuopio Ischaemic Heart Disease Risk
Factor Study. Br J Nutr. 2008;100:890-35.

2270 Curtis et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Loke WM, Hodgson JM, Proudfoot JM, McKinley AJ, Puddey IB, Croft
KD. Pure dietary flavonoids quercetin and (-)-epicatechin augment nitric
oxide products and reduce endothelin-1 acutely in healthy men1. Am J
Clin Nutr. 2008;88:1018-25.

Steffen Y, Gruber C, Schewe T, Sies H. Mono-o-methylated flavanols
and other flavonoids as inhibitors of endothelial NADPH oxidase. Arch
Biochem Biophys. 2008;469:209-19.

Pergola C, Rossi A, Dugo P, Cuzzocrea S, Sautebin L. Inhibition of nitric
oxide biosynthesis by anthocyanin fraction of blackberry extract. Nitric
Oxide. 2006;15:30-9.

Hooper L, Kroon PA, Rimm EB, Cohn J, Harvey I, Le Cornu KA, Ryder
JJ, Hall WL, Cassidy A. Flavonoid subclasses and cardiovascular risk: a
meta-analysis of randomised controlled trials. Am ] Clin Nutr.
2008;88:38-50.

Arts IC, Hollman PC. Polyphenols and disease risk in epidemiologic
studies. Am ] Clin Nutr. 2005;81:5317-25.

Hollands W, Brett GM, Radreau P, Saha S, Teucher B, Bennett RN,
Kroon PA. Processing blackcurrants dramatically reduces the content
and does not enhance the urinary yield of anthocyanins in human
subjects. Food Chem. 2008;108:869-78.

Chun OK, Chung SJ, Song WO. Estimated dietary flavonoid intake and
major food sources of U.S. adults. ] Nutr. 2007;137:1244-52.

Wu X, Beecher GR, Holden JM, Haytowitz DB, Gebhardt SE, Prior RL.
Concentrations of Anthocyanins in Common Foods in the United States
and Estimation of Normal Consumption. ] Agric Food Chem. 2006;54:
4069-75.

Kithnau J. The flavonoids. A class of semi-essential food components:
their role in human nutrition. World Rev Nutr Diet. 1976;24:117-91.

Sumner MD, Elliott-Eller M, Weidner G, Daubenmier JJ, Chew MH,
Marlin R, Raisin CJ, Ornish D. Effects of pomegranate juice consump-
tion on myocardial perfusion in patients with coronary heart disease.
Am ] Cardiol. 2005;96:810-4.

Aviram M, Rosenblat M, Gaitini D, Nitecki S, Hoffman A, Dornfeld L,
Volkova N, Presser D, Attias ], et al. Pomegranate juice consumption
for 3 years by patients with carotid artery stenosis reduces common
carotid intima-media thickness, blood pressure and LDL oxidation. Clin
Nutr. 2004;23:423-33.

Gorinstein S, Caspi A, Libman I, Lerner HT, Huang D, Leontowicz H,
Leontowicz M, Tashma Z, Katrich E, et al. Red grapefruit positively
influences serum triglyceride level in patients suffering from coronary
atherosclerosis: studies in vitro and in humans. ] Agric Food Chem.
2006;54:1887-92.

Naruszewicz M, Laniewska I, Millo B, Dtuzniewski M. Combination
therapy of statin with flavonoids rich extract from chokeberry fruits
enhanced reduction in cardiovascular risk markers in patients after
myocardial infraction (MI). Atherosclerosis. 2007;194:179-84.
Murkovic M, Abuja PM, Bergmann AR, Zirngast A, Adam U,
Winklhofer-Roob BM, Toplak H. Effects of elderberry juice on fasting
and postprandial serum lipids and low-density lipoprotein oxidation in
healthy volunteers: a randomized, double-blind, placebo-controlled
study. Eur J Clin Nutr. 2004;58:244-9.

Jensen GS, Wu X, Patterson KM, Barnes ], Carter SG, Scherwitz L,
Beaman R, Endres JR, Schauss AG. In vitro and in vivo antioxidant
and anti-inflammatory capacities of an antioxidant-rich fruit and
berry juice blend. Results of a pilot and randomized, double-blinded,
placebo-controlled, crossover study. ] Agric Food Chem.
2008;56:8326-33.

Duthie SJ, Jenkinson AM, Crozier A, Mullen W, Pirie L, Kyle J, Yap LS,
Christen P, Duthie GG. The effects of cranberry juice consumption on
antioxidant status and biomarkers relating to heart disease and cancer
in healthy human volunteers. Eur ] Nutr. 2006;45:113-22.

Karlsen A, Retterstol L, Laake P, Paur I, Kjolsrud-Behn S, Sandvik L,
Blomhoff R. Anthocyanins inhibit nuclear factor-kappaB activation in
monocytes and reduce plasma concentrations of pro-inflammatory
mediators in healthy adults. ] Nutr. 2007;137:1951-4.

Carr MC. The emergence of the metabolic syndrome with menopause.
J Clin Endocrinol Metab. 2003;88:2404-11.

Rein D, Paglieroni TG, Pearson DA, Wun T, Schmitz HH, Gosselin R,
Keen CL. Cocoa and wine polyphenols modulate platelet activation and
function. ] Nutr. 2000;130:52120-6.

Hollands W, Brett GM, Dainty JR, Teucher B, Kroon PA. Urinary
excretion of strawberry anthocyanins is dose-dependent for physiolog-
ical doses of fresh fruit. Mol Nutr Food Res. 2008;52:1097-105.

220z 1snbny .z uo ysenb Aq £€650/9%/992¢/2 1/6€ L/31011HE/UljW0d dno"dlWwapede//:sd)y Woi PepeojumMoQ



23.

24.

Kelley DS, Rasooly R, Jacob RA, Kader AA, Mackey BE. Consump-
tion of Bing sweet cherries lowers circulating concentrations of
inflammation markers in healthy men and women. ] Nutr. 2006;136:
981-6.

Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon RO III,
Criqui M, Fadl YY, Fortmann SP, Hong Y, et al. Markers of
inflammation and cardiovascular disease: application to clinical and
public health practice: A statement for healthcare professionals from the
Centers for Disease Control and Prevention and the American Heart
Association. Circulation. 2003;107:499-511.

25.

26.

Suda I, Ishikawa F, Hatakeyama M, Miyawaki M, Kudo T, Hirano K,
Ito A, Yamakawa O, Horiuchi S. Intake of purple sweet potato beverage
affects on serum hepatic biomarker levels of healthy adult men with
borderline hepatitis. Eur J Clin Nutr. 2008;62:60-7.

Herrera-Arellano A, Miranda-Sanchez ], Avila-Castro P, Herrera-
Alvarez S, Jiménez-Ferrer JE, Zamilpa A, Roman-Ramos R, Ponce-
Monter H, Tortoriello J. Clinical effects produced by a standardized
herbal medicinal product of Hibiscus sabdariffa on patients with
hypertension. A randomized, double-blind, lisinopril-controlled clinical
trial. Planta Med. 2007;73:6-12.

Safety and efficacy of elderberry anthocyanins 2271

220z 1snbny .z uo ysenb Aq £€650/9%/992¢/2 1/6€ L/31011HE/UljW0d dno"dlWwapede//:sd)y Woi PepeojumMoQ



