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Anthocyanins increase low-density lipoprotein and
plasma cholesterol and do not reduce atheroscle-
rosis inWatanabe Heritable Hyperlipidemic rabbits
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Anthocyanin-rich beverages have shown beneficial effects on coronary heart disease in epidemiologi-
cal and intervention studies. In the present study, we investigated the effect of black currant anthocya-
nins on atherosclerosis. Watanabe Heritable Hyperlipidemic rabbits (n = 61) were fed either a purified
anthocyanin fraction from black currants, a black currant juice, probucol or control diet for 16 weeks.
Purified anthocyanins significantly increased plasma cholesterol and low-density lipoprotein (LDL)
cholesterol. Intake of black currant juice had no effect on total plasma cholesterol, but lowered very-
low-density lipoprotein (VLDL) cholesterol significantly. There were no significant effects of either
purified anthocyanins or black currant juice on aortic cholesterol or development of atherosclerosis
after 16 weeks. Probucol had no effect on plasma cholesterol but significantly lowered VLDL-choles-
terol and decreased aortic cholesterol accumulation. The erythrocyte antioxidant enzyme glutathione
peroxidase was significantly increased by purified anthocyanins and superoxide dismutase was
increased by both anthocyanin-containing treatments. Other markers of plasma antioxidant capacity,
antioxidant enzymes, protein and lipid oxidation were not affected by any of the anthocyanin treat-
ments. Adverse effects of purified anthocyanins were observed on plasma- and LDL-cholesterol.
These effects were not observed with black currant juice, suggesting that black currants may contain
components reducing the adverse effects of anthocyanins.
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1 Introduction

The inverse association between red wine consumption and
risk for cardiac diseases have been consistently reported in
epidemiology, whereas recent studies on alcohol, white
wine, beer, or spirits have been less convincing [1–4]. The
protective effects of red wine and other red grape products

have been substantiated by experimental studies [1, 2, 5],
supporting the beneficial effects of the red wine polyphe-
nols [5, 6]. One of the main differences in the composition
of the polyphenol fraction in red and white wine is the con-
tent of anthocyanins; in vitro studies have demonstrated a
protective effect of anthocyanins on oxidation of low-den-
sity lipoprotein (LDL) and endothelial dysfunction [6].
Black currants (BCs) have a high content of anthocyanins
(250 mg/100 g) [7] and may therefore protect against ather-
osclerosis as a nonalcoholic alternative to red wine. Wata-
nabe Heritable Hyperlipidemic (WHHL) rabbits are LDL
receptor-deficient and serve as a model of human homozy-
gous familial hypercholesterolemia with morphology of
atherosclerotic lesions similar to that in humans [8]. The
hyperlipidemia in WHHL homozygotes is mainly the result
of increased LDL levels similar to that in genetically pre-
disposed humans. No previous studies have been carried
out to investigate the influence of anthocyanins on plasma
lipids, tissue cholesterol levels, or markers of oxidation in
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relation to the development of atherosclerosis. We therefore
undertook a study in WHHL rabbits to test the hypothesis
that treatment with anthocyanins in BC juice would reduce
the risk of atherosclerosis.

2 Materials andmethods

2.1 Animals, housing, and clinical observations

Animal experiments and housing procedures were perform-
ed in accordance to the Danish Animal Experimentation
Act on a license granted by the Ministry of Legal Affairs
and the Convention ETS 123 of the Council of Europe.
Sixty-one homozygous WHHL rabbits of both sexes (26
males, 35 females) with 22.1 l 2.12 mM plasma cholesterol
(mean l SD), 6.21 l 2.56 mM triglycerides, and 1.03 l
0.27 kg body weight at 6 weeks of age were obtained from
our own breeding colony. A previous study has shown that
the aortas are free from lesions at this age [9]. The study
and all procedures were approved by the Danish Animal
Experimental Inspectorate.

2.2 Experimental design

The rabbits were allocated to four groups (I–IV) of 14–16
animals based on plasma cholesterol and triglyceride con-
centrations, litter, body weight, and sex. From the seventh
week of life the control group (group I, n= 16) received daily
100 g standard diet (No. 2113;Altromin International, Lage,
Germany). Two anthocyanin treatment groups received
either 100 g standard diet added an anthocyanin fraction
(AF) purified from BC (Polyphenols Laboratories AS,
Sandnes, Norway) (100.3 l 12.8 mg pure anthocyanins/100
g diet, group II, n = 16) or 100 g standard diet and BC juice
(58mganthocyanins/100mL;ValloeSaft,Koege,Denmark)
ad libitum instead of drinking water (group III, n = 16) (see
Table 1).Apositive control group (IV, n=14) received 100g/
d standard diet supplemented with 0.5 w/w% probucol
(SigmaChemicals, St. Louis,MO,USA) in the feed. TheAF
dose was chosen to result in similar total anthocyanin intake
as in the juice group (see Table 2), based on a pilot study
investigating the palatability of the juice (data not shown).
The anthocyanin content in the AF was 35 g/100 g and the
total phenol content was 47 g/100 g determined by Folin-
Ciocalteu reagent [10]. The other phenolics contained in the
AF were mainly hydroxycinnamic acid esters and it con-
tained also other BC berry components, mainly monosac-
charides (information provided by the manufacturer). All
animals except for those in the juice group had free access to
tap water. The feed intake in all groups and liquid intake in
the control and juice group was recorded daily and body
weight weekly. After 16 weeks of treatment, the animals
were sacrificed by intravenous injection of pentobarbital

(100mg/kg bodyweight) into themarginal ear vein and sam-
pling was performed as described elsewhere [10]. The liver
and the heart were weighed and 38 livers randomly selected
from all treatment groups were frozen in liquid nitrogen and
stored at –808Cuntil analyses.

2.3 Blood sampling and analyses of blood lipid
and antioxidant markers

Blood samples were collected in EDTA tubes from the mar-
ginal ear vein of unanesthetized animals fasted overnight
before treatment and then monthly until termination.
Plasma cholesterol and triglycerides were measured
monthly until termination, where in addition the concentra-
tion of lipoproteins was determined, using an automatic
analyzer (Hitachi 912; Roche Diagnostics, Mannheim, Ger-
many) with a3% CV. Lipoproteins were separated by single
density gradient ultracentrifugation for 18 h at 218C [11].
The following oxidation parameters were determined
before treatment and at termination on a Cobas Mira S ana-
lyser (Triolab, Brøndby, Denmark): the ferric reducing abil-
ity of plasma (FRAP) [12] (CV a 2%), the trolox equivalent
antioxidant capacity of plasma (TEAC) (Total Antioxidant
Status kit Randox NX2332, Ardmore, UK), the activities in
erythrocyte lysates of glutathione reductase (GR) (CV
5.2%), glutathione peroxidase (GPx) (CV 8.1%), and cata-
lase (CAT) (CV 8.4%) according to Wheeler et al. [13], and
superoxide dismutase (SOD) (CV 9.6%) and hemoglobin
using commercial kits (Randox; Cat. No. SD125 and
HG980). Plasma protein oxidation, determined as 2-amino-
adipic semialdehyde residues (AAS) (CV 10.9%) and mal-
ondialdehyde (MDA) in lipoproteins (CV 5.4%) were deter-
mined as described previously [14, 15], and vitamin C was
determined in six animals randomly chosen from each treat-
ment group according to Kall and Andersen [16] (CV
1.2%). Thiobarbituric acid-reactive species (TBARS) in
plasma [17] (CV 7%) was determined at 6 weeks and at ter-
mination.

2.4 Determination of phase 2 enzymes in plasma,
red blood cells (RBCs) and liver

At termination, the activity of quinone reductase (QR) and
glutathione-S-transferase (GST) was determined in dupli-
cate liver cytosol samples (diluted 300 times) according to
Ernster [18] and Habig et al. [19], respectively, adapted to a
Cobas Mira analyzer (CV a 7%).

2.5 Urine collection, excretion of anthocyanins,
and determination of 2,3-dinor-TxB2

Urine samples for anthocyanin analyses were obtained from
eight animals in each group before start of treatment, and at
1, 2, 3, 5, 7, 9, 13, and 16 weeks of treatment. Collection
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was initiated when the test diets were administered and con-
tinued for 4 h using collection trays containing 80 mL aque-
ous citric acid (0.5 M) for stabilization with 0.7 mg/L cyani-
din-3,5-diglucoside (Cy-3,5-diglc) as an internal standard.
A longer collection time was impossible due to rapid degra-
dation of the anthocyanins in the collection trays. Urine
samples containing spilled juice were easily recognized
based on colorization and omitted. Samples were collected,
treated, and analyzed according to Nielsen et al. [20] (CV%
a 10). An indicator of platelet activation, urinary 2,3-dinor-
TxB2, was analyzed from 16-h urine samples (collected
after 16 weeks of treatment) of five animals per group.
Samples were purified [21], diluted 1:200, and analyzed
with ELISA (#519051; Cayman Chemicals, Ann Arbor,
MI, USA) (CV% 9). Urinary creatinine was measured by
the Jaffe method (Konelab 20, Espoo, Finland).

2.6 Biochemical andmicroscopic evaluation of
aortic atherosclerosis

The cholesterol content in the parts of intima-inner media
was determined as previously described [10] and expressed
as lmol of total cholesterol per square centimeter of aorta
and as nmol total cholesterol per mg wet weight of aortic
tissue. Microscopic quantification of atherosclerotic lesions
was performed by point counting at the level of first inter-
costal arteries as described previously [10] and was
expressed as the ratio of intima to media and as the area of
intima in square millimeters.

2.7 Anthocyanin and vitamin C content in the
experimental diets

The concentration and batch-to-batch content of anthocya-
nins in the anthocyanin treatments were monitored every
twoweeks throughout the study, essentially as described pre-
viously [22], see Table 1. The vitamin C content in the juice
and the diet was monitored every two weeks throughout the
study according to Kall and Andersen [16] with the modifi-
cation that the feed was extracted with 2% w/v metapho-
sphophoric acid/0.1%w/vaqueous oxalic acid (Table 1).

2.8 Statistics

Data were tested for normal distribution by Shapiro-Wilks
test and for homogeneity of variance by standardized re-
siduals plots or by Levenes test. When necessary, logarith-
mic transformations were performed. From groups I–III
data were analyzed by analysis of variance followed by
Duncan’s test. Data from group IV (positive control) were
compared separately with data from controls by Student’s t-
test. Data, which could not be analyzed by analysis of var-
iance (ANOVA) or t-test due to lack of normal distribution
or homogeneity of variance, were analyzed by theWilcoxon
rank scores test. Time trends in blood lipids by group, sex,
and litter were analyzed by repeated samples analysis of
covariance using the GLM procedure with the Greenhouse-
Geisser test since the sphericity criterion was not met. Sig-
nificant interactions between time and group were further
analyzed by least squares means. The number of animals
per group having atherosclerotic lesions was analyzed by
Fisher's exact test. Correlation analyses were performed as
Pearson correlations. P a 0.05 was considered significant
throughout. Statistical Analysis System (SAS) software
was used for all analyses (release 8.1; SAS Institute, Cary,
NC, USA).

3 Results

3.1 Animal welfare and compliance to treatments

No effect of the treatment on clinical appearance was
observed in any of the rabbits. The content of anthocyanins
in the feed and juice is shown in Table 1. The weight gain
was significantly higher (P a 0.05) in the juice and probucol
groups than in the control group (Table 2). A significant
decrease in the relative fluid intake (P a 0.005) was
detected in the juice group in comparison to the control.
Urinary excretion of anthocyanins was only observed in the
groups dosed with anthocyanins, and was significantly
higher in the juice group than in the AF group (Table 3).
Also a higher plasma vitamin C level (P a 0.0005) was
observed in the juice group than in the other groups,
whereas a significantly lower (P a 0.05) vitamin C plasma
level was detected in the groups dosed with AF and probu-
col in comparison to the control (Table 3).

3.2 Plasma and lipoprotein cholesterol,
triglycerides, and protein

There was a significant increase in plasma cholesterol with
time in all groups and a significant time*group interaction
(P a 0.01). The AF group had, however, a significantly
higher and increasing level of plasma cholesterol compared
to all other groups at time 4, 12, and 16 weeks (Fig. 1). Also
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Table 1. Content of vitamin C and anthocyanins in test diets
and BC juice (mg/100 g)

I. Control II. AF III. Juice IV. Probucol

Vitamin C 3 l 2 3 l 2 34.5 l 0.5 4 l 3
Dp-3-glc n.d. 8.6 l 1.6 4.1 l 0.1 n.d.
Dp-3-rut n.d. 47.2 l 5.9 31.0 l 0.8 n.d.
Cy-3-glc n.d. 5.7 l 1.0 1.9 l 0.1 n.d.
Cy-3-rut n.d. 38.7 l 5.4 21.6 l 0.6 n.d.
Total anthocyanins n.d. 100.3 l 12.8 58.5 l 1.5 n.d.

Mean l SD of feed analyses performed every 2nd week is given
(n = 8). n.d., not detectable; Dp, delphinidin; cy, cyanidin; glc,
glucoside; rut, rutinoside
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LDL cholesterol was significantly increased and triglycer-
ides in LDL borderline increased after 16 weeks (P a 0.05
and P = 0.056, respectively) in the AF group in comparison
to the control, whereas BC juice and probucol lowered
very-low-density lipoprotein (VLDL) cholesterol (Fig. 2).
Plasma levels of triglycerides were not different between
the groups (Table 4). In the probucol group only a transitory
decrease in plasma cholesterol (P a 0.05) was observed at 4
weeks and a borderline lower level at 8 weeks (P = 0.06)
(Fig. 1).

3.3 Markers of oxidation and activated platelets

Both MDA in LDL and VLDL as well as FRAP were signif-
icantly increased in the probucol group, whereas plasma
TEAC, AAS, and TBARS were unaffected in all groups
(Table 4). The antioxidant enzyme SOD was significantly
increased in both the BC juice group and in the AF group,
and GPx was increased by the AF treatment. The other anti-
oxidant enzymes were not affected by any of the treatments.
Furthermore, liver GST, QR, and urinary 2,3-dinor-TxB2

were unchanged in all treatment groups.

3.4 Aortic atherosclerosis

The cholesterol content in the ascending, the thoracic and
the abdominal aorta in all treatments was comparable

304

i 2005WILEY-VCH Verlag GmbH &Co. KGaA,Weinheim www.mnf-journal.de

Table 2. Body weight, feed, and fluid intake of WHHL rabbits and dose of test compounds

No. of Body weight Relative feed intake Fluid intake Dose of test
animals compounds

Before Gain
(kg) (g/kg bw/day) (g/kg bw/day) (mg/kg bw/day)a)

I. Control 15 1.23 l 0.21 1.43 l 0.20 48.6 l 3.6 115.1 l 35.6
II. AF 16 1.25 l 0.15 1.51 l 0.18 47.0 l 3.1 47.0 l 3.1b)

III. Juice 16 1.22 l 0.18 1.66 l 0.17* 45.2 l 3.8 84.7 l 11.4** 48.0 l 6.5b)

IV. Probucol 14 1.26 l 0.19 1.65 l 0.25* 45.6 l 4.0 226.8 l 17.8

All data are mean l SD. bw, body weight
a) Calculation based on relative feed and juice intake and results in Table 1
b) Total anthocyanins
* P a 0.05 to group I, ** P a 0.005

Table 3. Concentration of vitamin C in plasma and urinary excretion of anthocyanins

I. Control II. AF III. Juice IV. Probucol

Vitamin C plasmaa) (lg/mL) 7.85 l 1.93 5.10 l 1.45** 11.71 l 1.81*** 4.94 l 1.56**
Anthocyanin excr.b) (lg/4 h) n.d. 3.9 l 7.0* 8.8 l 6.8** n.d.

Data are given as mean l SD. n.d., not detectable
a) Determined at 16 weeks of treatment
b) Determined at 1, 2, 3, 5, 7, 9, 13, and 16 weeks of treatment
* P a 0.05, ** P a 0.005, *** P a 0.0005 relative to controls

Figure 1. Plasma cholesterol concentration during the 16
weeks of treatment. *P a 0.05 relative to the control at each
timepoint.

Figure 2. Cholesterol (cho) and triglycerides (tg) in lipopro-
teins after 16 weeks of treatment. LDL-, IDL-, and VLDL-chol-
esterol values are divided by 10.
* P a 0.05 relative to the control.
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between the BC groups and the control, while a significant
decrease was recorded in the probucol group (Fig. 3). The
microscopic quantitative evaluation of atherosclerosis con-
firmed the protective effect of probucol (Fig. 4). Also the
number of animals with atherosclerotic lesions was signifi-
cantly reduced for this group (P = 0.0056).

4 Discussion

The present study does not suggest a protective effect of BC
anthocyanins on atherosclerosis in WHHL rabbits. On the
contrary, our findings suggest an aggravating effect of
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Table 4. Plasma triglycerides, biomarkers of oxidative stress, activity of phase 2 enzymes, and urine marker of activated platelets

Markera) I. Control II. AF III. Juice IV. Probucol

Triglycerides (mmol/L) 3.76 l 1.37 4.42 l 2.46 3.79 l 2.15 4.20 l 2.47
TEACb) (mmol/L) 0.857 l 0.149 0.963 l 0.401 0.947 l 0.234 1.13 l 0.22
FRAPb) (mmol/L) 591 l 88 651 l 183 606 l 122 791 l 190**
AASc) (nmol/g protein) 191 l 10 183 l 28 176 l 30 195 l 17
TBARSd) (lmol/L) 1.54 l 0.32 1.71 l 0.37 2.07 l 1.21 1.80 l 0.26
MDAd) HDL (nmol/g protein) 153 l 58 148 l 41 159 l 41 165 l 57
MDAd) LDL (nmol/g protein) 480 l 181 441 l 201 380 l 178 1207 l 399***
MDAd) VLDL (nmol/g protein) 1194 l 350 852 l 495 762 l 413 2177 l 1786*
GRe) (U/g hemoglobin) 8.74 l 0.99 8.63 l 1.08 8.98 l 0.94 8.11 l 0.67
GPxe) (U/g hemoglobin) 163 l 26 217 l 43*** 167 l 34 179 l 54
SODe) (U/g hemoglobin) 1388 l 108 1401 l 162 1490 l 148** 1290 l 152
CATe) (U/g hemoglobin) 9.21 l 1.54 9.97 l 1.04 9.17 l 1.97 8.34 l 1.99
GSTf) liver (U/mg protein) 961.9 l 90.2 959.3 l 167.1 942.6 l 238.5 883.4 l 206.3
QRf) liver (U/mg protein) 17.42 l 4.85 17.49 l 4.99 17.06 l 6.04 17.04 l 3.24
TxB2

g) urine (nmol/mol creatinin) 4952 l 4581 4539 l 3820 7405 l 5335 4551 l 1992

a) All biomarkers are determined after 16 weeks of treatment
b) Antioxidant capacity of plasma. TEAC, trolox equivalent antioxidant capacity; FRAP, ferric reducing ability of plasma
c) Oxidation of plasma proteins. AAS, 2-amino-adipic semialdehyde residues
d) Oxidation of plasma lipids. TBARS, thiobarbituric acid reactive species; MDA, malondialdehyde
e) Antioxidant enzymes. GR, glutathione reductase; GPx, glutathione peroxidase; SOD, superoxide dismutase; CAT, catalase
f) Phase 2 enzymes. GST, glutathione S-transferase; QR, quinone reductase
g) Urine marker of activated platelets. TxB2, 2,3-dinor-thromboxane B2
* P a 0.05, **P a 0.05, ***P a 0.0005 to control

Figure 3. Accumulation of cholesterol in the aorta. * P a 0.05
and ** P a 0.005 relative to the control.

Figure 4. Microscopic quantification of atherosclerosis ex-
pressed as the ratio intima :media and the area of the intima.
The number of animals with lesions per group is given below
the graph.
* Significantly different with Wilkoxon’s test.
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anthocyanins. The AF was found to increase plasma and
LDL cholesterol significantly but did not increase aortic
atherosclerosis. The increase in plasma cholesterol by AF
but not by BC juice indicates that the adverse effect of the
anthocyanins is counteracted by other components in the
juice, not contained in the employed AF isolated from BCs.

We have recently shown, that the mechanisms for absorp-
tion and excretion of anthocyanins in WHHL rabbits are
very similar in humans [20]. The significantly higher urin-
ary excretion of anthocyanins from juice-treated than from
the AF-fed rabbits (Table 3) are probably explained by the
24 h free access to the juice, whereas the feed was provided
at initiation of the 4 h urine collection after about 18 h of
fasting. However, the possibility of a lower absorption from
a solid than from a liquid source cannot be excluded. In
addition, we previously observed a food matrix effect
resulting in increased absorption of anthocyanins from BC
juice compared to pure anthocyanins dissolved in a citric
acid solution indicating that BC juice contains compounds
which increase anthocyanin absorption [20]. The signifi-
cantly lower fluid intake in the juice group could be due to a
low palatability of the juice to the rabbits. The animals in
this group did, however, receive the same amount of antho-
cyanins as the AF group. The anthocyanin dose corresponds
to about 3 g anthocyanin per day in a 70-kg man. If the dif-
ference in metabolic rate between rabbit and human is taken
into account, the daily dose corresponds to only about 1/3
in humans, thus only 1 g pure anthocyanin equivalent to
about 400 g BCs [7]. A shortage of antioxidants in the diet
has been proposed to promote coronary heart disease
through accumulation of oxidized LDL in macrophages
[23]. Even though anthocyanins are generally regarded as
very potent antioxidants, little is known about their actual
function as antioxidants in vivo. In the present study, we
observed no antioxidative effects of any of the anthocyanin
treatments determined by TEAC, FRAP, AAS, TBARS, or
MDA in lipoproteins. The juice and AF treatment did, how-
ever, affect the endogenous antioxidant defense by increas-
ing the activity of SOD and GPx, respectively. The effect on
GPx is in line with our previous observations where an
increase was observed in humans after treatment with red
grape skin extract [24]. This increase in activity of the anti-
oxidant enzymes does, however, not seem to be related with
a protection against development of atherosclerosis in
WHHL rabbits.

Activated platelets are known to increase the formation of
atherosclerotic plaques [25]. Anthocyanins have been
found to reduce platelet aggregation in cholesterol-fed rab-
bits and in humans [1, 26]. In the present study, however, no
significant difference between the treatments was detected
in the urinary marker of platelet activation, 2,3-dinor-TxB2.

The entry and accumulation of LDL cholesterol in the aor-
tic wall is an essential step in the atherogenesis and an
increase in plasma LDL cholesterol is thus thought to be
associated with an increased risk of atherosclerosis. AF
increased plasma- and LDL-cholesterol in the present
study. However, we observed no significant increases in
either biochemical or microscopic markers of atherosclero-
sis. The BC juice had no significant effects on plasma- or
LDL-cholesterol but lowered VLDL-cholesterol. This
effect was apparently also unrelated to the development of
atherosclerosis. This suggests, that the BC juice contains
components, which are able to counteract the adverse
effects on plasma- and LDL-cholesterol induced by the
anthocyanins. Other studies in cholesterol-fed rabbits or
hamsters have shown that red wine, dealcoholized red wine,
or red grape juice, but not whiskey, beer, ethanol, or white
wine reduce the area of aorta covered with plaques [1, 2]
and reduce plasma cholesterol [5]. However, Bentzon et al.
[27] found no effect on aortic atherosclerosis of red wine in
apolipoprotein E-deficient mice. In these previous studies,
the anthocyanin treatments used all contained large quanti-
ties of other berry or wine components. Pure anthocyanins
were recently shown to elevate plasma levels of homocys-
tein in rats, a recognized risk factor of vascular disease [28].
Furthermore, recent studies on red wine polyphenols sug-
gest that it may rather be the procyanidins contained in red
wine, that exert the anti-atherogenic properties [29].

Since the AF employed in the present study also contained
other components from BCs than anthocyanins it cannot be
definitively concluded, that the observed adverse effects on
plasma- and LDL-cholesterol was due to the anthocyanin
content. The impurities in the product were mainly sugars
and other minor phenolics co-existing with the anthocya-
nins in BCs and they would thus also be present in the BC
juice. Further studies using pure anthocyanins are neverthe-
less needed to confirm our observations, but considering
the high content of anthocyanins in the purified AF it seems
highly unlikely that the anthocyanins would have a protec-
tive effect against atherosclerosis.

Since rabbits have de novo synthesthis of vitamin C, we did
not suspect the vitamin C in the juice treatment to affect the
plasma vitamin C level in the rabbits. However, the juice
actually resulted in elevated plasma vitamin C concentra-
tions. We have recently dosed WHHL rabbits with vitamin
C and observed no protective effects of this treatment on
plasma or lipid cholesterol or on atherosclerosis develop-
ment (unpublished data). The reduced plasma vitamin C
level in the AF and probucol groups may result from the
redox capacity of those treatments either leading to a nega-
tive feedback on the production of vitamin C or in a pro-
oxidant reaction thus consuming plasma vitamin C. A
plasma vitamin C sparing effect of grape skin extracts have
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previously been suggested in humans [24] supporting the
former explanation.

Probucol had only transient influence on plasma choles-
terol. This is in line with the literature [15]. The theory of
probucol reducing the risk of atherosclerosis by removing
cholesterol from plasma by oxidation [15] is consequently
not supported by the present study, although we did observe
an increased level of MDA in LDL and a concomitant
decrease in atherosclerosis in the probucol-fed rabbits.

In conclusion, our findings do not support the hypothesis of
an anti-atherogenic effect of anthocyanins. On the contrary,
an anthocyanin-rich preparation from BCs was found to
increase plasma- and LDL-cholesterol, which are known
risk markers for atherosclerosis. No significant increase in
the development of arterial plaques and risk of athero-
sclerosis was observed after 16 weeks of treatment with
anthocyanins. More studies on anthocyanins are warranted
to confirm these results and to investigate the potential
adverse effect of purified anthocyanin preparations in
humans.

The authors want to thank Kobra Fahimeh Hansen, Anni
Schou, Magareta Bertram, Joan Frandsen, Morten Andrea-
sen, Rikke Johnsen, and Vibeke Kegel for excellent techni-
cal assistance. The anthocyanin fraction was kindly pro-
vided by Polyphenols Laboratories, Sandnes, Norway, and
analyzed for total phenol content by Alan Mortensen, Chr.
Hansen A/S, Denmark. This research was supported by the
European Unions 5th framework as part of project QLK1-
1999-00124. This paper does not necessarily reflect the
EUs views and do not anticipates the Commissions future
policy in this area. Support to this research project was also
provided by the Danish Research Agency, FELFO grant No.
2056-03-0042.

5 References

[1] da Luz, P. L., Serrano Junior, C. V., Chacra, A. P., Monteiro,
H. P., et al., The effect of red wine on experimental athero-
sclerosis: lipid-independent protection. Exp. Mol. Pathol.
1999, 65, 150–159.

[2] Klurfeld, D. M., Kritchevsky, D., Differential effects of alco-
holic beverages on experimental atherosclerosis in rabbits.
Exp. Mol. Pathol. 1981, 34, 62–71.

[3] Gronbaek, M., Deis, A., Sorensen, T. I., Becker, U., et al.,
Mortality associated with moderate intakes of wine, beer, or
spirits. BMJ 1995, 310, 1165–1169.

[4] Renaud, S., de Lorgeril, M., Wine, alcohol, platelets, and the
French paradox for coronary heart disease. Lancet 1992, 339,
1523–1526.

[5] Vinson, J. A., Teufel, K., Wu, N., Red wine, dealcoholized
red wine, and especially grape juice, inhibit atherosclerosis in
a hamster model. Atherosclerosis 2001, 156, 67–72.

[6] Zern, T. L., West, K. L., Fernandez, M. L., Grape polyphenols
decrease plasma triglycerides and cholesterol accumulation
in the aorta of ovariectomized guinea pigs. J. Nutr. 2003, 133,
2268–2272.

[7] Koeppen, B. H., Herrmann, K., Flavonoid glycosides and
hydroxycinnamic acid esters of blackcurrants (Ribes
nigrum). Phenolics of fruits 9. Z. Lebensm. Unters. Forsch.
1977, 164, 263–268.

[8] Havel, R. J., Yamada, N., Shames, D. M., Watanabe heritable
hyperlipedeamic rabbit animal model for familial hypercho-
lesterolemia. Atherosclerosis 1989, 9, Suppl. 1, I-33– I-38.

[9] Hansen, B. F., Mortensen, A., Hansen, J. F., Ibsen, P., et al.,
Atherosclerosis in Watanabe heritable hyperlipidaemic rab-
bits. Evaluation by macroscopic, microscopic and biochem-
ical methods and comparison of atherosclerosis variables.
APMIS 1994, 102, 177–190.

[10] Mortensen, A., Breinholt, V., Dalsgaard, T., Frandsen, H., et
al., 17beta-Estradiol but not the phytoestrogen naringenin
attenuates aortic cholesterol accumulation in WHHL rabbits.
J. Lipid Res. 2001, 42, 834–843.

[11] Terpstra, A. H., Woodward, C. J., Sanchez-Muniz, F. J.,
Improved techniques for the separation of serum lipoproteins
by density gradient ultracentrifugation: visualization by pre-
staining and rapid separation of serum lipoproteins from
small volumes of serum. Anal. Biochem. 1981, 111, 149–
157.

[12] Benzie, I. F., Strain, J. J., The ferric reducing ability of plasma
(FRAP) as a measure of “antioxidant power”: the FRAP
assay. Anal Biochem. 1996, 239, 70–76.

[13] Wheeler, C. R., Salzman, J. A., Elsayed, N. M., Omaye, S. T.,
Korte, D. W., Jr., Automated assays for superoxide dismutase,
catalase, glutathione peroxidase, and glutathione reductase
activity. Anal. Biochem. 1990, 184, 193–199.

[14] Daneshvar, B., Frandsen, H., Autrup, H., Dragsted, L. O.,
Glutamyl semialdehyd and 2-amino-adepic semialdehyd:
biomarkers of oxidative damage to proteins. Biomarkers
1997, 2, 117–123.

[15] Lauridsen, S. T., Mortensen, A., Probucol selectively
increases oxidation of atherogenic lipoproteins in choles-
terol-fed mice and in Watanabe heritable hyperlipidemic rab-
bits. Atherosclerosis 1999, 142, 169–178.

[16] Kall, M. A., Andersen, C., Improved method for simulta-
neous determination of ascorbic acid and dehydroascorbic
acid, isoascorbic acid and dehydroisoascorbic acid in food
and biological samples. J. Chromatogr. B 1999, 730, 101–
111.

[17] Duthie, G. G., Determination of activity of antioxidants in
human subjects. Proc. Nutr. Soc. 1999, 58, 1015–1024.

[18] Ernster, L., DT Diaphorase. Methods Enzymol. 1967, 10,
309–317.

[19] Habig, W. H., Pabst, M. J., Jakoby,W. B., Glutathione S-trans-
ferases. The first enzymatic step in mercapturic acid forma-
tion. J. Biol. Chem. 1974, 249, 7130–7139.

[20] Nielsen, I. L. F., Dragsted, L. O., Ravn-Haren, G., Freese, R.,
Nielsen, S. E., Absorption and excretion of black currant
anthocyanins in humans and watanabe heritable hyperlipi-
demic rabbits. J. Agric. Food Chem. 2003, 51, 2813–2820.

[21] Berens, M. E., Salmon, S. E., Quantitaitve analysis of prosta-
glandins in cell culture medium by high-resolution gas chro-
matography with electron-capture detection. J. Chromatogr.
1984, 307, 251–260.

307

i 2005WILEY-VCH Verlag GmbH &Co. KGaA,Weinheim www.mnf-journal.de



I. L. Finn� Nielsen et al. Mol. Nutr. Food Res. 2005, 49, 301–308

[22] Knuthsen, P., Ma, H.-P., Leth, T., Occurrence and analysis of
anthocyanins in foods and feeds. In: Biologically-active Phy-
tochemicals in Food, in: Pfannhauser, W., Fenwick, G. R.,
Khokhar, S. (Eds.), Analyses, Metabolism, Bioavailability
and Function, The Royal Society of Chemistry, Cambridge,
UK 2001, pp. 206–208.

[23] Kerry, N. L., Abbey, M., Red wine and fractionated phenolic
compounds prepared from red wine inhibit low density lipo-
protein oxidation in vitro. Atherosclerosis 1997, 135, 93–
102.

[24] Young, J. F., Dragsted, L. O., Daneshvar, B., Lauridsen, S. T.,
et al., The effect of grape-skin extract on oxidative status. Br.
J. Nutr. 2000, 84, 505–513.

[25] Fuster, V., Lewis A., Conner Memorial Lecture. Mechanisms
leading to myocardial infarction: insights from studies of vas-
cular biology.Circulation 1994, 90, 2126–2146.

[26] Freedman, J. E., Parker III, C., Li, L., Perlman, J. A., et al.,
Select flavonoids and whole juice from purple grapes inhibit
platelet function and enhance nitric oxide release.Circulation
2001, 103, 2792–2798.

[27] Bentzon, J. F., Skovenborg, E., Hansen, C., Moller, J., et al.,
Red wine does not reduce mature atherosclerosis in apolipo-
protein E-deficient mice. Circulation 2001, 103, 1681–1687.

[28] Nakagawa, K., Maruyama, Y., Miyazawa, T., Anthocyanin
administration elevates plasma homocysteine in rats. J. Nutr.
Sci. Vitaminol. (Tokyo) 2002, 48, 530–535.

[29] Bagchi, D., Sen, C. K., Ray, S. D., Das, D. K., et al., Molecu-
lar mechanisms of cardioprotection by a novel grape seed
proanthocyanidin extract. Mutat. Res. 2003, 523–524, 87–
97.

308

i 2005WILEY-VCH Verlag GmbH &Co. KGaA,Weinheim www.mnf-journal.de


