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Previous studies have demonstrated that the intake of berry foods was associated with a reduced
risk of cardiovascular diseases. The aim of the present study was to evaluate the effects of two
bilberry extracts, one rich in anthocyanins extracted from untreated bilberries (BE) and a second one
extracted from yeast-fermented bilberries (FBE), on the development of atherosclerosis in apolipo-
protein E-deficient mice (apo E™/7). Apo E™'~ mice received for 16 weeks a diet supplemented with
0.02% of either BE or FBE. Atherosclerotic plaque area was measured in the aortic sinus.
Supplementation of the diet with both bilberry extracts led to a significant inhibition of plaque
development, whereas no effect on oxidative stress parameters or lipid profiles could be observed,
suggesting the implication of other mechanisms of action. In addition, a better protection was
observed with FBE, suggesting that the fermentation generates new bioactive compounds more
effective in attenuating progression of the atherosclerotic lesions.
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INTRODUCTION

Atherosclerosis, a multifactorial disease resulting from genetic
and environmental factors, is the first cause of cardiovascular
disease (CVD) in industrialized countries. Mortality data from
the American Heart Association statistics 2009 update show that
CVD accounted for 1 of every 2.8 deaths in the United States (/).
Development of nutritional strategies of prevention appears
essential to reduce the risk of cardiovascular disease. Inverse
association between consumption of fruits and vegetables and
risk of cardiovascular disease was deduced from numerous
epidemiological studies (2). Polyphenols, natural constituents of
fruits and vegetables, have received considerable attention these
past years because the consumption of polyphenol-rich foods or
beverages has been associated with a significant reduction of
mortality from coronary heart disease (CHD) (3).

Beneficial effects of berries have been reported in relation to
CVD. Consumption of blueberries was associated with a reduced
risk of CHD in a cohort of postmenopausal women from the
Towa Women’s Health Study (4). In addition, favorable changes
in platelet function, HDL cholesterol, and blood pressure were
observed after intake of moderate amounts of various berries in
middle-aged unmedicated subjects with cardiovascular risk fac-
tors (5). Most of the protective effects of berries are ascribed to
their high content of phytochemicals. In particular, edible berries
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are rich sources of phenolic compounds, mainly anthocyanins
but also hydroxycinnamic acids, flavonols, flavan-3-ols, and
proanthocyanidins (or so-called condensed tannins) (6). Bilberry
(Vaccinium myrtillus L.) is one of the richest dietary sources of
anthocyanins, with an anthocyanin glycoside content of about
300—600 mg/100 g of fresh weight (7,8). A recent review reported
a variety of therapeutic activities of berry anthocyanins, notably
from bilberry, such as antioxidant potential, angiogenesis inhibi-
tion, anticancer properties, diabetes prevention, vision improve-
ment, and finally neuro- and cardioprotective effects (9).
Moreover, treatment with bilberry anthocyanoside oligomers
was shown to induce better visual acuity and contrast sensitivity
in myopia subjects (/0). However, many investigations evaluating
the health-promoting effects of polyphenol-rich bilberry extracts
were conducted in vitro, and animal studies or clinical trials are
still limited (/7).

The aim of this study was thus to investigate the effects of
dietary bilberry extracts on the development of atherosclerosis in
apolipoprotein E-deficient mice (apo E~/7), a widely used model
of atherosclerosis (/2). This model has been intensely used to
demonstrate protective effects of various polyphenolic supple-
mentations on the development of atherosclerotic lesions (/3), but
up to now, there were no data on the potential protective action of
bilberry products. The aim of the present study was thus to
evaluate the potential protective action of two bilberry extracts,
one rich in anthocyanins extracted from untreated bilberries (BE)
and a second one extracted from yeast-fermented bilberries
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(FBE), on atherosclerosis in this model together with their effects
on some oxidative stress markers and lipid parameters.

MATERIALS AND METHODS

Chemicals. Two commercially available extracts prepared from fresh
bilberry (V. myrtillus L.), Antho 50 and Catocyanic Complex, were
supplied by Ferlux Mediolanum SA (Cournon d’Auvergne, France).
Antho 50 (BE) is a purified bilberry anthocyanin extract resulting from
an alcoholic extraction followed by concentration and final chromato-
graphic purification onto an adsorbent macro-cross-linked resin (/4).
Catocyanic Complex (FBE) is a polyphenol-rich fraction obtained from
bilberry fermentation with wine yeast (Saccharomyces cerevisiae) and
purified by precipitation with hot alcohol (5, 16). Cyanidin 3-glucoside
(C3@), gallic acid, and protocatechuic acid were purchased from Extra-
synthese (Genay, France).

Chemical Composition of Bilberry Extracts. The total polyphenol
content of both extracts was determined according to the Folin—Ciocalteu
assay using gallic acid as a standard. Both extracts (250 mg) were dissolved
in 5 mL of acetone/water (70:30) containing 1.2 M aqueous HCI. These
latter solutions were then diluted in water (1000- and 200-fold for,
respectively, BE and FBE solutions), and a mixture of sample solutions
or standard (150 uL) with Folin—Ciocalteu’s reagent (750 uL) and
Na,CO; solution (75 g L™'; 600 L) was incubated 5 min at 50 °C. After
the mixture had been cooled for S minin ice, the absorbance was measured
at 760 nm in an ultramicroplate reader ELy 808 (Bio-Tek Instruments,
Winooski, VT). Total polyphenols were expressed as grams of gallic acid
equivalents per 100 g of extract.

Total red pigments were quantified by colorimetry. The same extract
solutions as described above were used and then diluted in 1 M aqueous
HCI (2000- and 100-fold for, respectively, BE and FBE solutions).
Wavelengths as the absorption maxima were 515, 505, and 511 nm for,
respectively, BE and FBE solutions and C3G (used as a standard). Total
red pigments were expressed as grams of C3G equivalents per 100 g of
extract.

Quantification of individual anthocyanin glycosides in bilberry extracts
was also carried out by high-performance liquid chromatography (HPLC)
using a photodiode array detector (DAD200, Perkin-Elmer) as previously
described (/7). Anthocyanin content was expressed as grams of C3G
equivalents per 100 g of extract. Protocatechuic acid was determined in BE
and FBE extract by HPLC, detected at 280 nm and quantified using the
corresponding standard.

Animals and Diets. Pairs of homozygous apo E-deficient mice were
purchased from Jackson Laboratories (Charles River Laboratories,
L’Arbresle, France) and interbred to obtain the males used for the present
study. Seven-week-old mice (n = 45), weighing ~ 20 g, were individually
housed in wire-bottom cages in a temperature-controlled room (22 +
0.8 °C) with a 12 h light—dark cycle and a relative humidity of 55+ 10%
and had free access to food and water. All animals were maintained and
handled according to the recommendations of the Institutional Ethics
Committee of the INRA, in accordance with decree 87-848. They were all
fed a standard breeding diet AO3 (Safe, Epinay-sur-Orge, France) for
1 week before the beginning of the experiment. After this 1 week adap-
tation period, the mice were randomly divided into three groups (n =
15 per group) and fed ad libitum for 16 weeks either a semipurified control
diet (UPAE, INRA Jouy-en-Josas, France) or the same control diet
supplemented with 0.02% (w/w) of bilberry extracts: either anthocya-
nin-rich bilberry extract (BE, 0.2 g kg™ " of diet) or fermented bilberry
extract (FBE, 0.2 g kg™" of diet). These experimental diets were isoener-
getic, and their detailed compositions are given in Table 1. At the end of the
experimental period, mice were anesthetised in the morning using sodium
pentobarbital (40 mg kg ™! of body weight). Blood was collected from the
abdominal aorta into heparinized tubes. Plasma was prepared by centri-
fugation at 12000g for 2 min, and samples were stored at —20 °C. The
organs were washed with physiological saline solution maintained at 37 °C
by direct injection in the heart left ventricle. The heart and liver were freeze
clamped and stored at — 80 °C.

Quantitative Assessment of Atherosclerotic Lesions. Athero-
sclerotic lesion size was calculated by measuring lipid deposition in the
aortic sinus (/8). The peripheral fat of the upper aorta was removed, and
the thoracic and abdominal aorta was discarded. The heart with the aortic
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Table 1. Composition of the Experimental Diets?

control diet supplemented diet
component (g kg~ " of diet) (g kg~ of diet)

wheat starch 629 629

casein 200 200

corn oil 70 70
Alphacell 50 50
mineral mix AIN-93G 35 35
vitamin mix AIN-93G 10 10
L-cysteine 3 3
choline bitartrate 2.50 2.50
tert-butyl hydroquinone 0.14 0.14
bilberry extract? 0 0.2

@Apo E~'~ mice received each diet in a solid shape (pellets).  Anthocyanin-tich
bilberry extract (BE) or fermented bilberry extract (FBE).

arch was dissected under a stereomicroscope and frozen in liquid N, in a
cutting embedding medium for serial cryosectioning covering 400 um of
the aorta root. The heart was cut in a cryotome (Cryo-Star HM 560,
Microm GmbH, Germany) at —20 °C. Five sections of 10 um in thickness
were harvested per slide, and sections at 200, 300, 400, 500, 600, 700, and
800 um distance from the cusps were evaluated for fatty streak lesions after
staining with Oil red O and counterstaining with hematoxylin. For each
randomized heart, one section per slide was evaluated for Oil red O
staining area by capturing images directly from a color camera (Sony XC-
71P CCD RGB, Kenmore, WA) attached to an Olympus light microscope
(Reichert-Jung Polyvar, Vienna, Austria). Images were displayed on an
RGB monitor using AxioVision release 4.6.3 software (Zeiss, France).
Image analysis was carried out using the ImageJ free software (http://rsb.
info.nih.gov/ij/). To reduce errors induced by sectioning angle, results were
expressed as the percentage of the cross-sectional vessel area stained with
Oil red O.

Determination of Cholesterol and Triglyceride Levels in Plasma
and Liver. Plasma total cholesterol and triacylglycerol (TAG) concentra-
tions (mM) were enzymatically measured using the Cholesterol RTU and
TG PAP 150 kits from BioMerieux (Marcy-I’Etoile, France) (/9). Liver
samples were homogenized in NaCl (9 g L") with a Polytron homogenizer
PT-MR2100 (Kinermatica AG, Littau/Luzern, Switzerland), and lipids
were extracted by chloroform—methanol (2:1, v/v) under overnight
agitation. The chloroform phase was recovered after centrifugation and
evaporated under dry air. TAG from the lipid residue were saponified with
0.5 M KOH—ethanol at 70 °C for 30 min followed by the addition of
0.15 M MgSO, to neutralize the mixture. After centrifugation (2000g,
5 min), supernatants were collected. Cholesterol in the lipid residue was
dissolved with isopropanol. Total cholesterol and TAG levels (mg g~')
were determined by enzymatic assays as previously described above.
Absorbance at 492 nm was measured in an ultramicroplate reader ELyx
808 (Bio-Tek Instruments).

Determination of Plasma Antioxidant Capacity. The plasma
antioxidant capacity was determined using the oxygen radical absorption
capacity (ORAC) assay (20), which measures the ability of antioxidant
compounds in a sample to scavenge peroxyl radicals generated from 2,2’
azobis(2-amidinopropane) dihydrochloride (AAPH) at 37 °C using fluor-
escein. The assay was carried out in black-walled 96-well plates, and plasma
samples were diluted 600-fold in phosphate buffer (75 mM, pH 7.4).
Trolox, a water-soluble analogue of vitamin E, was used as a control
standard. Twenty-five microliters of sample, standard, or blank (phosphate
buffer) was mixed with 25 uL. of AAPH at room temperature. The plate
was placed in an ultramicroplate reader ELy 808 (Bio-Tek Instruments)
maintained at 37 °C, and fluorescein (150 L) was then immediately and
automatically added. Fluorescence was measured for 1 h using an excita-
tion 4 = 485420 nm and an emission A = 530 + 20 nm. The final results
were calculated using the difference of areas under the fluorescein decay
curve between the blank and each sample and were expressed as micro-
moles of Trolox equivalents (TE) per liter (umol of TE L™").

Determination of Lipid Peroxidation in the Liver. The suscept-
ibility of liver to peroxidation was determined on 1 g of wet tissue homo-
genized onice in 150 mM KCI (9 mL) using a Polytron homogenizer. Sus-
ceptibility to oxidation was measured by induction of lipid peroxidation
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Table 2. Composition of Bilberry Extract (BE) and Fermented Bilberry Extract
(FBE)

bilberry extracts

BE FBE
total polyphenols (g of GAE?/100 g of extract) 62 12
total red pigments (g of C3GE®/100 g of extract) 61 4.1
anthocyanins (g of C3GE100 g of extract) 52 0.2

2 Gallic acid equivalents. ® Cyanidin 3-glucoside equivalents.

with FeSO, (0.2 mM) and ascorbate (5 mM) for 30 min at 37 °C, using
1,1,3,3-tetracthoxypropane as a standard. Thiobarbituric acid-reactive
substances (TBARS) were measured at 532 nm, using an ultramicroplate
reader ELy 808 (Bio-Tek Instruments) (27).

Determination of F,-Isoprostane Levels in the Aorta. Frozen
tissues were treated with 5000 pg of 4(RS)-F4t-NeuroPas an IS, diluted
with 9 mL of acidified water (pH 3), and subjected to two extractions using
successively a Sep-Pak Vac RC C18 and Vac RC NH2 cartridges (500 mg).
The C18 cartridge was preconditioned with 5 mL of methanol and 5 mL of
acidified water (pH 3). After washes with 10 mL of acidified water (pH 3)
and 10 mL of acetonitrile/water (15:85; v/v), elution of the compounds was
performed with 4 mL of hexane/ethyl acetate/propan-2-ol (30:65:5; v/v).
The eluate was then applied to the NH, cartridge, which was precondi-
tioned with 5 mL of hexane. The cartridge was washed successively with
5 mL of hexane/ethyl acetate (30:70; v/v) and 5 mL of acetonitrile. The
isoprostanes were then eluted with S mL of ethyl acetate/methanol/glacial
acetic acid (10:85:5; v/v). After purification, the solvents were evaporated
under nitrogen, samples were dried under nitrogen and then derivatized
and subjected to gas chromatography—mass spectrometry analysis as
previously described (22).

Statistical Calculations. All values are given as means=SEM. A two-
way ANOVA (mice diets and aortic sections) coupled with the Student—
Newman—Keuls multiple-comparison test was used to analyze the lesion
areas. Other data were analyzed by one-way ANOVA coupled with the
Student—Newman—Keuls multiple-comparison test to compare the effect
of supplemented diets with bilberry extracts versus the control diet. Values
of P < 0.05 were considered to be significant.

RESULTS

Characterization of Bilberry Extracts. Anthocyanins were ana-
lyzed by HPLC. The BE extract contains 52% anthocyanins,
whereas almost no native anthocyanins were detected in FBE
(Table 2; Figure 1). Fifteen different native anthocyanins, derived
from 5 aglycones (cyanidin, delphinidin, malvidin, peonidin, and
petunidin), were identified in BE (Figure 1). FBE showed a large
peak highly retained on the column with a wavelength absorption
maximum similar to those found with native anthocyanins
(508 nm), suggesting that anthocyanins in FBE are largely
condensed into complex polymers. Protocatechuic acid, a known
product of anthocyanin degradation (23), was also detected in
trace amounts (0.05% w/w) in FBE.

Phenolic pigments in FBE appear to be different from native
anthocyanins and absorb at a slightly shifted wavelength (505 nm)
as compared to the nonfermented BE (515 nm). The contents of
total polyphenols, as estimated by the Folin assay, and red
pigments, estimated by colorimetry, also appear to be lower in
FBE than in the nonfermented BE.

Body Weight. After 16 weeks of supplementation, no diffe-
rences in body weight gain and final body weight were observed
between bilberry extract fed mice and control ones (data not
shown).

Influence of Bilberry Extracts on Atherosclerotic Plaque For-
mation. Atherosclerotic lesions were visible in the aortic sinus of
24-week-old apo E-deficient mice fed the control diet or the
bilberry extract-supplemented diets. Mice fed the diets supple-
mented with the bilberry extracts showed a significant reduction
of lipid deposits. The lesion area was decreased by 15% (p < 0.05)
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Figure 1. HPLC chromatogram of the bilberry (A) and fermented bilberry
(B) extracts. The following quantities of extracts were injected: bilberry
extract, 1.6 ug; fermented bilberry extract, 100 x«g. Detection was at
524 nm. Peaks: 1, Dp 3-gal; 2, Dp 3-glc; 3, Cy 3-gal; 4, Dp 3-ara; 5, Cy
3-glc; 6, Pt 3-gal; 7, Cy 3-ara; 8, Pt 3-glc; 9, Pn 3-gal; 10, Pt 3-ara; 11, Pn
3-glc + Mv 3-gal; 12, Pn 3-ara + Mv 3-gic; 13, Mv 3-ara. Cy, cyanidin; Dp,
delphinidin; Mv, malvidin; Pn, peonidin; Pt, petunidin; ara, arabinoside; gal,
galactoside; glu, glucoside.

in the BE group and by 36% (p < 0.0001) in the FBE group com-
pared to the control group. Additionally, mice fed the FBE-
supplemented diet showed a 25% higher reduction of the lesion
area compared to the BE group (p < 0.01) (Figure 2).

Influence of Bilberry Extracts on Oxidative Stress Parameters.
The intake of bilberry extracts during 16 weeks did not affect the
plasma antioxidant capacity. The concentration of F-isopros-
tanes in the aorta remained unchanged over the 16-week period
for all dietary groups, and there was no significant difference
between groups. TBARS concentrations in the liver were not
more influenced by BE and FBE supplementation (Table 3).

Influence of Bilberry Extracts on Lipid Profile. As expected, all
animals were hypercholesterolemic at the end of the experimental
period, with a high plasma level of total cholesterol compared to
the wild C57BI/6J mice (1.8 mmol L™, in Mouse Phenome Data-
base; Jackson Laboratory, Bar Harbor, ME; http://phenome.jax.
org/pub-cgi/phenome/mpdcgi?rtn = strains/details&strainid = 7).
However, no significant differences in TAG and total cholesterol
levels in either plasma or liver were observed between dietary
groups (Table 4).

DISCUSSION

This work shows antiatherogenic effects of two bilberry
extracts in apo E~/~ mice after 16 weeks of dietary supplementa-
tion (0.02% in the diet). Bilberry extract (BE) is a purified
anthocyanin-rich extract; thus, the supplementation of the diet
with 0.02% of this extract (i.e., around 0.01% of anthocyanin
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Figure 2. Effect of a dietary supplementation of an anthocyanin-rich bil-
berry extract (BE) or a fermented bilberry extract (FBE) on the develop-
ment of atherosclerotic lesions in apo E-deficient mice: (A) histological
sections of aortic sinus stained by Qil red O [(a) control, (b) BE, (c) FBE;
arrows indicate fat deposition in aortic sinus]; (B) mean atherosclerotic
plaque area (values are means = SEM, n= 15; %, p < 0.05; %, p < 0.01;
sk, p < 0.0001).

Table 3. Oxidative Stress Parameters in Apo E~/~ Mice Fed a Diet
Supplemented with an Anthocyanin-Rich Bilberry Extract (BE) or a Fermented
Bilberry Extract (FBE) for 16 Weeks?®

group
control BE FBE

plasma (n = 15)

ORAC (umol of TEL™)? 7024 + 339 7262 + 266 6864 + 396
aorta (n=10)

Fo-isoprostanes (ng g’1) 89+19 82120 8.8+ 2.1
liver (n = 15)

TBARS (nmol g~ ") 147 + 10 133+9 123+ 8

2Values are means + SEM. °Data are expressed as micromoles of Trolox
equivalents (TE) per liter.

Table 4. Plasma and Hepatic Lipid Concentrations in Apo E~'~ Mice Fed a
Diet Supplemented with an Anthocyanin-Rich Bilberry Extract (BE) or a
Fermented Bilberry Extract (FBE) for 16 Weeks®

group
control BE FBE
plasma
triacylglycerol (mM) 0.81 +0.12 0.92 +0.09 0.76 + 0.09
total cholesterol (mM) 5.78 £+ 0.47 6.96 + 0.44 6.22 £ 0.70
liver
triacylglycerol (mg g~ ") 243+15 33.0+35 316+ 36
total cholesterol (mg g~ ") 2.68 £0.15 277 £0.22 2.77 £0.17

@Values are means & SEM; n = 15.

glycosides) may correspond to an equivalent human intake of
about 30 mg of anthocyanidins per day, when expressed on the
basis of diet content (for a human food intake estimate of 500 g
of dry weight). Large differences in average anthocyanidin
intake have been reported according to the population consi-
dered: 2.9 mgday ™' in Australia (24), 7.6 mg day ' in Belgium (25),
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or 12.5mg day ™" in the United States (26). The supplementation
level applied here is close to the highest intake level observed in
Finland, estimated at 47 mg day~ ' (27).

The FBE extract obtained after bilberry fermentation contains
complex pigments absorbing at a wavelength close to those of
native anthocyanins. The reduced ratio of total red pigments over
total polyphenols (Table 2), the lack of native anthocyanins in the
HPLC chromatograms (Figure 1), and the presence of proto-
catechuic acid in the FBE extract indicate a degradation of the
bilberry anthocyanins. Native anthocyanins appear to be largely
rearranged into complex polymers as suggested by the large peak
of pigments strongly retained on the HPLC column (Figure 1B).
A similar extensive degradation of anthocyanins during fermen-
tation has been reported for other fruits such as grape (28) and
blackberry (29). Thus, the polyphenols contained in the FBE
extract can be compared to those formed during the fermentation
of berry wines. For the production of berry wines, pressed juice is
made from the berries and then fermented similarly to red grape
juice in the winemaking process (30). During fermentation,
anthocyanins contained in bilberry undergo condensation with
other phenolic compounds present in the fruit (/6) as has been
described in red wine (37) and in black olives (32). In red wine, the
anthocyanin contents decrease during alcoholic fermentation due
to adsorption to yeast cell walls and the formation of more
complex pigments such as pyranoanthocyanins (vitisins) and
ethyl-linked anthocyanin—flavanol (particularly catechins and
procyanidins) polymers, both formed by the reaction of antho-
cyanins with the yeast- derived pyruvic acid and acetalde-
hyde (33, 34). Anthocyanin—4-vinylphenol adducts have also
been identified in red wine. They are formed during fermentation
by condensation of the anthocyanins with 4-vinylphenols, them-
selves resulting from the yeast-catalyzed decarboxylation of
hydroxycinnamic acids (p-coumaric acid) or by direct reaction
between anthocyanins and hydroxycinnamic acids (35). Another
source of pyranoanthocyanins, from fermented cherry juice, has
also been recently reported (36). FBE could contain anthocyanin-
derived polymeric pigments close to that found in red wine during
fermentation.

After a 16-week supplementation, a significant reduction of
atherosclerotic plaques was observed in both BE and FBE groups
as compared to the control one (—15 and —36%, respectively).
Similar effects on the same animal model were recently observed
with an anthocyanin extract from purple sweet potato (37). Our
results also show that the in vivo atheroprotective effect of
bilberry extracts varies with the type of bilberry extract. The
fermented bilberry extract more effectively attenuates athero-
sclerotic plaque progression than the nonfermented one. Some
biological activities of fermented products have been compared to
nonfermented ones in in vitro studies. The fermented juices from
blueberry (38) or bokbunja (39) showed better antioxidant
activity than their respective unfermented compounds. Fermen-
ted blueberry juice was also shown to stimulate glucose uptake in
myotubes and adipocytes, whereas unfermented juice had no
effect on glucose transport (40). Some extracts obtained from
fermented foods rich in flavanoids were also shown to limit
atherosclerosis in animal models. Extracts from natto or other
fermented soybean foods prevented the progression of athero-
sclerosis in cholesterol-fed rabbits, improved oxidative stress
markers in cholesterol-fed rabbits or rats (41, 42), and inhibited
intimal thickening in rats (43). No comparison with the non-
fermented soybean extracts was carried out. The active com-
pounds responsible for the improved antiatherogenic effects of
FBE are not yet identified. Anthocyanin-derived polymeric
pigments in FBE might attenuate formation of atherosclerotic
lesions more effectively than native anthocyanins as found in BE.
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Very few studies have evaluated biological activities of phenolic
compounds resulting from fermentation. Synthesized pyrano-
anthocyanins have been shown to scavenge superoxide anion
radicals but to a lesser extent than their corresponding anthocya-
nin precursor (44). Other mechanisms could be thus implied in
atheroprotective effects of anthocyanin-derived polymeric pig-
ments, or other compounds introduced by the fermentation
process, such as organic acids observed in wine (45), could also
contribute to these beneficial effects.

The plasma antioxidant capacity, measured by the ORAC
assay, was not modified by the bilberry extracts. Similarly, diet
supplementation with an anthocyanin-rich extract from black
rice did not affect the total serum antioxidant ability of apo E~/~
mice after 20 weeks (46). Levels of aortic F,-isoprostanes and
hepatic TBARS, markers of lipid oxidation, were not more
affected by the bilberry extract supplementation. In agreement
with these results, it has been reported that dealcoholized red wine
did also reduce aortic lipid deposition in apo E~/~ mice without
affecting lipid peroxidation (47). All of these data support the
hypothesis that the antiatherogenic effects of bilberry extracts are
independent of their antioxidant capacity in this animal model.
In addition, none of the bilberry extracts modified the total
cholesterol and triacylglycerol levels in both plasma and liver.
These results are similar to those observed in previous experi-
ments with purple sweet potato anthocyanins (37), tea cate-
chins (48), or apple polyphenols (49). Thus, neither direct
antioxidant activity nor modification of lipid profile seems to
explain the observed cardioprotective effects of bilberry extracts.
Other properties of these extracts and their constituents seem to
be involved. Several in vivo studies showed some anti-inflamma-
tory properties of anthocyanins (37, 46) or red wine polyphe-
nols (50), which could help to explain the protective effect
observed here. These hypotheses are new leads of investigation
for understanding notably the antiatherogenic properties of
bilberry extracts, which should be explored in more detail.

In summary, the present study reveals that dietary supplemen-
tation with bilberry extracts clearly limits the development of
atherosclerotic lesions in a model of apo E~/~ mice. In this animal
model, the protective effect of bilberry extracts is independent of
modifications of plasma antioxidant status, biomarkers of oxida-
tive stress, and lipid profile but varies with the type of extract.
Indeed, the FBE extract exerts more effective antiatherogenic
activity in vivo than the anthocyanin-rich BE extract, suggesting
that fermentation generates some new compounds with improved
health-promoting properties as compared to the anthocyanin-
rich standardized extract. More studies will be necessary to
identify the compounds responsible for these effects and to
investigate possible mechanisms underlying such effects.
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