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ABSTRACT: Flavanones, including hesperidin and naringin, are polyphenolic compounds highly and almost exclusively present
in citrus. Epidemiological studies reported an inverse relationship between their intake and the risk of cardiovascular diseases.
Clinical and experimental data further showed their antihypertensive, lipid-lowering, insulin-sensitizing, antioxidative, and anti-
inflammatory properties, which could explain their antiatherogenic action in animal models. Although flavanones may be
promising compounds that are particularly active in cardiovascular disease prevention, clinical data are still scarce and most in
vitro data have been obtained under nonphysiologically relevant conditions. Moreover, the mechanisms responsible for flavanone
action are not fully elucidated. Therefore, further research is needed to better evaluate and understand the protective effects of
flavanones in cardiovascular diseases.
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oxidative stress

■ INTRODUCTION
Cardiovascular disease (CVD) represents one of the leading
causes of death worldwide. Although epidemiological studies
have revealed an inverse association between high consumption
of fruits and vegetables and a reduced risk of CVD,1−4 the role
of the compounds providing these protective effects is still
under investigation. Plant foods contain numerous bioactive
molecules, among which are polyphenols. These molecules are
the most abundant dietary antioxidants, and their effects on
health have gained huge interest. Polyphenols are plant
secondary metabolites characterized by a basic structure
consisting of an aromatic ring with one or more hydroxyl
groups. According to their chemical structures, polyphenols can
be divided into four major classes: phenolic acids (C6−C1 and
C6−C3), flavonoids (C6−C3−C6), stilbenes (C6−C2−C6),
and lignans (C6−C3−C3−C6).5 The main polyphenols found
in the human diet are phenolic acids and flavonoids, which
represent approximately two-thirds and one-third of the total
daily intake of polyphenols, respectively.6,7 Epidemiological
studies have reported an inverse relationship between
flavonoid-rich food consumption and cardiovascular events.8,9

This observation is further supported by clinical and preclinical
studies of either flavonoid-rich foods or isolated flavonoids
demonstrating their beneficial effects on cardiovascular risk
factors such as blood pressure, endothelial function, platelet
function, and cholesterolemia.10−19

Dietary flavonoids are divided into six subclasses according to
their structural features: flavonols, flavones, isoflavones,
flavanones, anthocyanidins, and flavanols (catechins and
proanthocyanidins). Some of these classes are present only in
specific foods, whereas others are distributed in a wide range of
foods. Considering the abundance of flavanones in citrus fruits
and juices, both largely consumed in the world, these
compounds contribute substantially to the total daily flavonoid
intake. Evidence from epidemiological, clinical, and preclinical
studies has shown that flavanones are biologically active
compounds likely to contribute to cardiovascular prevention.

The purpose of this review is to compile coherent data related
to dietary flavanones and cardiovascular health.

■ DIETARY SOURCES AND FLAVANONE INTAKE
Flavanones represent a flavonoid subclass present in our diet
almost exclusively in citrus fruits and, to a lesser extent, in
tomatoes and some aromatic herbs (such as mint). In citrus
fruits, flavanones account for approximately 95% of the total
flavonoids.20,21 The main aglycones are naringenin (5,7,4′-
trihydroxyflavanone) in grapefruit, hesperetin (4′-methoxy-
3′,5,7-trihydroxyflavanone) in orange and tangerine, and
eriodictyol (5,7,3′,4′-tetrahydroxyflavanone) in lemon (see refs
20 and 21 for reviews) (Figure 1). In citrus fruits and citrus-
derived products, flavanones are generally glycosylated by a
disaccharide at position 7: either a neohesperidose, which
imparts a bitter taste, such as naringin in grapefruit, or a
flavorless rutinose, such as hesperidin in oranges.22 In citrus
fruits, the flavanone content also varies depending on the part
of the fruit. The solid parts of the fruit, particularly the albedo
(the white spongy portion) and the membranes separating the
segments, are richest in flavanones compared to juice vesicles
(pulp), which explains the higher content of flavanones in the
whole fruit than in the juice.23 In the edible part of oranges, the
glycoside content (hesperidin and narirutin) ranges from 35 to
147 mg/100 g.21,24 In grapefruit, naringenin glycoside (naringin
and narirutin) content ranges from 44 to 106 mg/100 g in the
edible fraction.20,25 Citrus juices have lower flavanone
concentrations because albedo and segments are discarded.
After compilation of food composition data, Tomas-Barberan et
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al. have estimated the mean flavanone content in orange juice
(hesperidin plus narirutin) to range from 14 to 77 mg/100
mL.23 In another study, the content of naringenin glycosides in
various brands of grapefruit juices was estimated to vary
between 17 and 76 mg/100 mL.26

Because food composition databases lacked information on
polyphenols for a long time, flavanone intake has not been
estimated in many epidemiological studies. The daily intake of
flavanones in adults from different countries was estimated to
range from 2.7 to 78 mg of aglycone equiv.7,27 The flavanone
intake seems particularly high in southern Europe, where it has
regularly been classified as the first-28 or second-most29−32

consumed flavonoid group. Oranges (as whole fruits and juices)
appear to be the main contributor to flavanone intake.32

■ FLAVANONE BIOAVAILABILITY

Prior to absorption, glycosylated forms of flavanones must be
hydrolyzed by the glycosidase activities of the colonic
microflora.5,33 The free aglycones released are then taken up
and conjugated by phase II enzymes in both the intestine and
the liver. As a result, flavanones exist in the plasma mainly as
sulfated and glucuronidated metabolites.34 However, glycosides
have also been detected in urine.35 Because flavanones must
reach the colon to be absorbed, their plasma concentrations are
maximal around 6 h after ingestion.5

After consumption of orange juice, the metabolites identified
in the plasma were hesperetin-7-glucuronide, hesperetin-3′-
glucuronide, hesperetin-3′-sulfate, naringenin-4′-glucuronide,
and naringenin-7-glucuronide.36,37 The mean peak plasma
concentrations of flavanones vary between 0.1 and 1 μM for
intakes ranging from a 150 g orange to 500 mL of orange juice

(Table 1).36−43 After ingestion of grapefruit juice (8 mL/kg
body wt), the flavanone mean peak plasma concentration was
reported to reach 6 μM.44 In our group, peak plasma
concentrations of 0.64 and 0.42 μM were measured after the
consumption of a 180 g grapefruit or 500 mL of grapefruit juice
(both providing 115 mg aglycone equiv), respectively
(unpublished data). Likewise, peak plasma concentrations of
0.47 and 0.6 μM were measured after the intake of 230 g of
orange fruit or 550 mL of orange juice (also both providing 115
mg of aglycones), respectively. The similarity between the
plasma concentrations of flavanones, observed after admin-
istration of whole citrus fruits or juices, suggests that the food
matrix did not significantly affect the bioavailability of these
flavonoids.
Urinary excretion of flavanones mainly occurs during the 24

h following ingestion, peaking between 6 and 12 h. The rate of
urinary excretion, expressed as a percentage of the total intake,
indicates that flavanones are among the most bioavailable
dietary polyphenols.45 Thus, after consumption of an orange
(as juice or whole fruit), the relative urinary excretion of
hesperetin varies between 1.7 and 6.4%.37,41,42 Naringenin
excretion after orange juice consumption was recorded to range
from 1.1 to 17.7% of its intake.42,44 From grapefruit juice, the
mean urinary excretion of naringenin ranged from 14 to 30.2%
of the ingested doses.44,46 In these studies, the individual
urinary excretion values ranged from not detected to 59% of the
intake, illustrating the high interindividual variability of
flavanone bioavailability.

Figure 1. Citrus flavanones.
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■ INTEREST OF FLAVANONES IN CARDIOVASCULAR
PREVENTION

Epidemiological Data. Several prospective studies have
reported an inverse relationship between citrus consumption
and the risk of coronary events or cerebrovascular disease.47−50

In a recent epidemiological study involving 10623 Japanese
participants, a strong inverse association between citrus fruit
consumption and CVD incidence was observed (hazard ratios
for almost daily versus infrequent citrus fruit intake: 0.57, 95%
CI = 0.33−1.01, in men and 0.51, 95% CI = 0.29−0.88, in
women).51 In another study, grapefruit consumption has been
associated with a reduced risk of death from coronary heart
disease.52 Because citrus fruits are the major dietary sources of
flavanones, these data provide interesting insight into their
potential benefits. However, few epidemiological studies have
investigated the direct association between flavanone con-
sumption and cardiovascular events. Recently, in a prospective

study conducted among 69622 women from the Nurses’ Health
Study, flavanone intake was inversely related to risk of ischemic
stroke. In this study, women in the top quintile of flavanone
intake (>63.0 mg/day) had a relative risk of 0.81 compared
with those in the lowest quintile (<13.7 mg/day).53 Another
prospective study conducted in Finland (10054 men and
women) also revealed that individuals with a higher intake of
flavanones (ranging from 4.7 to 26.8 mg aglycone/day
depending on the type of flavanone and the sex of the
participant) had a 20% reduction in the incidence of
cerebrovascular disease.54 However, this study did not find an
association between flavanone consumption and ischemic heart
disease. In a large cohort of postmenopausal women (34489),
Mink et al. found no association for stroke but showed that
flavanone consumption was inversely correlated with the risk of
death from coronary heart disease, with a 15% reduction of
death for a consumption reaching 50 mg/day.52

Table 1. Overview of Flavanone Bioavailability in Human Intervention Studies

no. of subjects source portion dosea (mg equiv) tmax (h) plasma tmax concn
a (μM) urinary excretiona (% intake) ref

10 orange juice 1 400 mL Nar: 9.6 4.7 Nar: 0.04 Nar: 2.60 37
Hesp: 33.6 4.6 Hesp: 0.32 Hesp: 5.40

orange juice 2 400 mL Nar: 12.4 5.7 Nar: 0.44 Nar: 0.70
Hesp: 76 6.4 Hesp: 0.37 Hesp: 1.70

16 orange juice − Nar: 0.42 mg/kg bw 5.1 Nar: 0.12 Nar: 7.00 38

20 orange 150 g Nar: 11.8 5.9 Nar: 0.08b Nar: 12.50 36
Hesp: 79.7 7.0 Hesp: 0.10b Hesp: 4.53

orange juice 300 g Nar: 9.4 4.5 Nar: 0.05b Nar: 10.20
Hesp: 71.8 6.2 Hesp: 0.10b Hesp: 4.63

109 orange juice 300 g Nar: 9.4 − − Nar: 14.50 36
Hesp: 71.8 − − Hesp: 3.90

8 orange juice 250 mL Nar: 3.5 − Nar: 17.70 42
Hesp: 51 − Hesp: 0.92 Hesp: 6.30

7 blood orange juice 150 mL Nar: 6 5.0 Nar: 0.06b − 40
Hesp: 51 5.3 Hesp: 0.14b −

300 mL Nar: 12 5.0 Nar: 0.13b −
Hesp: 102 5.1 Hesp: 0.26b −

16 orange juice 5 mL/kg bw Hesp: 1 mg/kg bw 7.0 Hesp: 0.48 Hesp: 4.06 43

5 orange juice 0.5 L Nar: 24 4.6 Nar: 0.06 Nar: 7.11 41
Hesp: 111 5.4 Hesp: 0.46 Hesp: 4.13

1 L Nar: 48 5.0 Nar: 0.20 Nar: 7.87
Hesp: 222 5.8 Hesp: 1.28 Hesp: 6.41

37 orange juice 211 g Nar: 29 − Nar: 0.11 − 39
orange 1/2 Hesp: 132 − Hesp: 0.33 −
mandarin 1/2

8 orange juice 8 mL/kg bw Nar: 0.33 mg/kg bw 5.5 Nar: 0.64 Nar: 1.10 44
Hesp: 1.74 mg/kg bw 5.4 Hesp: 2.20 Hesp: 5.30

5 grapefruit juice 8 mL/kg bw Nar: 2.79 mg/kg bw 4.8 Nar: 5.99 Nar: 30.20

2 grapefruit juice 1.5 L Nar: 214 − − Nar: 14.00 46
aAbbreviations: Nar, naringenin; Hesp, hesperetin. bA molecular weight of 272 g/mol for naringenin and 302 g/mol for hesperetin was used for
conversion.

Journal of Agricultural and Food Chemistry Review

dx.doi.org/10.1021/jf300669s | J. Agric. Food Chem. 2012, 60, 8809−88228811



T
ab
le

2.
E
ff
ec
ts

of
Fl
av
an
on

es
on

Fu
nc
ti
on

al
P
ar
am

et
er
s
an
d
Sy
st
em

ic
B
io
m
ar
ke
rs

R
el
at
ed

to
C
ar
di
ov
as
cu
la
r
R
is
k
in

C
lin

ic
al

St
ud

ie
s

su
bj
ec
ts

st
ud
y

de
si
gn

in
te
rv
en
tio

n
da
ily

do
se
a

(m
g
eq
ui
v)

pe
rio

d
fu
nc
tio

na
l
an
d
sy
st
em

ic
pa
ra
m
et
er
sb

ef
fe
ct
s

re
f

m
en

an
d
w
om

en
w
ith

m
et
ab
ol
ic
sy
nd
ro
m
e

co
nt
ro
lle
d

pl
ac
eb
o

−
3
w
ee
ks

va
sc
ul
ar

fu
nc
tio

n
FM

D
↑

58
(n

=
24
),
21
−
65

ye
ar
s

cr
os
so
ve
r

he
sp
er
id
in

H
es
p:

25
0

SB
P

↔
D
B
P

↔
sI
C
A
M

↔
sV
C
A
M

↔
sE
-s
el
ec
tin

↓
lip
id

pr
of
ile

T
G

↔
H
D
L-
C

↔
LD

L-
C

↔
T
C

↓
ap
o
B

↓
ap
o
A
1

↔
Lp

a
↔

in
fla
m
m
at
io
n

hs
-C
R
P

↓
SA

A
↓

fib
rin

og
en

↔
ho
m
oc
ys
te
in
e

↔

he
al
th
y
m
en

co
nt
ro
lle
d

C
D
P:

co
nt
ro
l
dr
in
k
(5
00

m
L)

+
pl
ac
eb
o

−
4
w
ee
ks

va
sc
ul
ar

fu
nc
tio

n
ac
ut
e
m
ic
ro
va
sc
ul
ar
-

↑
fo
r
bo
th

C
D
H

57
(n

=
24
),
ov
er
w
ei
gh
t,
50
−
65

ye
ar
s

cr
os
so
ve
r

C
D
H
:
co
nt
ro
l
dr
in
k
(5
00

m
L)

+
he
sp
er
id
in

H
es
p:

14
6

en
do
th
el
iu
m

re
la
te
d
re
ac
tiv
ity

an
d
O
J

O
J:
or
an
ge

ju
ic
e
(5
00

m
L)

H
es
p:

14
6

ch
ro
ni
c
m
ic
ro
va
sc
ul
ar
-

↔
N
ar
:
24

en
do
th
el
iu
m

re
la
te
d
re
ac
tiv
ity

N
O

m
et
ab
ol
ite
s

↔
SB

P
↔

D
B
P

↓
fo
r
bo
th

C
D
H
an
d

O
J

sI
C
A
M
-1

↔
sV
C
A
M
-1

↔
lip
id

pr
of
ile

T
G

↔
H
D
L-
C

↔
LD

L-
C

↔
T
C

↔
in
fla
m
m
at
io
n

C
R
P

↔
vW

F
↔

IL
6

↔
an
tio

xi
da
nt

ca
pa
ci
ty

FR
A
P

↔

hy
pe
rc
ho
le
st
er
ol
em

ic
m
en

an
d
w
om

en
co
nt
ro
lle
d

pl
ac
eb
o

−
4
w
ee
ks

lip
id

pr
of
ile

T
G

↔
60

(n
=
19
4)
,1
8−

75
ye
ar
s

pa
ra
lle
l

he
sp
er
id
in

H
es
p:

40
0

H
D
L-
C

↔
na
rin

gi
n

N
ar
:
25
0

LD
L-
C

↔
T
C

↔
T
C
/H

D
L-
C

↔

Journal of Agricultural and Food Chemistry Review

dx.doi.org/10.1021/jf300669s | J. Agric. Food Chem. 2012, 60, 8809−88228812



T
ab
le

2.
co
nt
in
ue
d

su
bj
ec
ts

st
ud
y

de
si
gn

in
te
rv
en
tio

n

da
ily

do
se
a

(m
g
eq
ui
-

v)
pe
rio

d
fu
nc
tio

na
l
an
d
sy
st
em

ic
pa
ra
m
et
er
sb

ef
fe
ct
s

re
f

hy
pe
rt
en
si
ve

m
en

an
d
w
om

en
cr
os
so
ve
r

H
F:

sw
ee
tie

ju
ic
e
hi
gh

in
fla
vo
no
id
s

N
ar
:
22
2

5
w
ee
ks

va
sc
ul
ar

fu
nc
tio

n
SB

P
↔

56
(n

=
12
)

(5
00

m
L)

D
B
P

↓
on
ly
in

H
F

LF
:
sw
ee
tie

ju
ic
e
lo
w
in

fla
vo
no
id
s

N
ar
:
58

(5
00

m
L)

he
al
th
y

si
ng
le
ar
m

na
rin

gi
n

N
ar
:
20
0

8
w
ee
ks

lip
id

pr
of
ile

T
G

↔
59

(n
=
30
),
30
−
60

ye
ar
s

H
D
L-
C

↔
LD

L-
C

↔
T
C

↔
H
D
L-
C
/T

C
↔

ap
o
B

↔
ap
o
A
1

↔
ox
id
at
iv
e
st
re
ss

T
B
A
R
S

↔
ca
ta
la
se

↔
gl
ut
at
hi
on
e
pe
ro
xi
da
se

↔
SO

D
↔

hy
pe
rc
ho
le
st
er
ol
em

ic
si
ng
le
ar
m

na
rin

gi
n

N
ar
:
20
0

8
w
ee
ks

lip
id

pr
of
ile

T
G

↔
59

(n
=
30
),
30
−
60

ye
ar
s

H
D
L-
C

↔
LD

L-
C

↓
T
C

↓
H
D
L-
C
/T

C
↑

ap
o
B

↓
ap
o
A
1

↔
ox
id
at
iv
e
st
re
ss

T
B
A
R
S

↔
ca
ta
la
se

↑
gl
ut
at
hi
on
e
pe
ro
xi
da
se

↔
SO

D
↑

a
A
bb
re
vi
at
io
ns
:
N
ar
,
na
rin

ge
ni
n;

H
es
p,

he
sp
er
et
in
.
b
A
bb
re
vi
at
io
ns
:
A
po

A
1,

ap
ol
ip
op
ro
te
in

A
1;

A
po

B
,
ap
ol
ip
op
ro
te
in

B
;
D
B
P,

di
as
to
lic

bl
oo
d
pr
es
su
re
;
FM

D
,
fl
ow

-m
ed
ia
te
d
di
la
tio

n;
FR

A
P,

fe
rr
ic

re
du
ci
ng

ab
ili
ty

of
pl
as
m
a;

H
D
L-
C
,
hi
gh
-d
en
si
ty

lip
op
ro
te
in

ch
ol
es
te
ro
l;
hs
-C
R
P,

hi
gh
-s
en
si
tiv
ity

C
-r
ea
ct
iv
e
pr
ot
ei
n;

IC
A
M
,
in
te
rc
el
lu
la
r
ad
he
si
on

m
ol
ec
ul
e
1;

IL
,
in
te
rle
uk
in
;
LD

L-
C
,
lo
w
-d
en
si
ty

lip
op
ro
te
in
-c
ho
le
st
er
ol
;
Lp

a,
lip
op
ro
te
in

a;
N
O
,
ni
tr
ic

ox
id
e;

SA
A
,
se
ru
m

am
yl
oi
d
A
;
SB

P,
sy
st
ol
ic

bl
oo
d
pr
es
su
re
;
SO

D
,
su
pe
ro
xi
de

di
sm

ut
as
e;

V
C
A
M
,
va
sc
ul
ar

ce
ll
ad
he
si
on

m
ol
ec
ul
e;

vW
F,

V
on

W
ill
eb
ra
nd

fa
ct
or
;
T
B
A
R
S,

th
io
ba
rb
itu
ric

ac
id

re
ac
tiv
e
su
bs
ta
nc
es
;
T
C
,t
ot
al
ch
ol
es
te
ro
l;
T
G
,t
rig
ly
ce
rid

es
.

Journal of Agricultural and Food Chemistry Review

dx.doi.org/10.1021/jf300669s | J. Agric. Food Chem. 2012, 60, 8809−88228813



Table 3. Effects of Flavanones on Parameters Related to Cardiovascular Risk in Animal Studies

parameter effecta compound effective dose (%) model ref

vascular function ↓ systolic blood
pressure

glucosyl hesperidin 50 mg/kg bw SHR rats (hypertensive) 75, 77

lipid profile ↓ triglyceridemia hesperidin 0,02 db/db mice (diabetic) 87
naringenin 0.003, 0.006, 0.012 rats fed a diabetogenic diet 85
naringenin 1.00 mice fed a diabetogenic diet 86
naringenin 1.00, 3.00 LDLR−/− mice fed a high-fat diet 16, 83
naringin 0.02 db/db mice (diabetic) 87
naringin 50 and 100 mg/kg bw streptozotocin-induced type 2 diabetic rats fed a

high-fat diet
84

↓ cholesterolemia hesperidin 0.02 db/db mice (diabetic) 87
naringenin 0.006 rats fed a diabetogenic diet 85
naringenin 1.00 mice fed a diabetogenic diet 86
naringenin 1.00, 3.00 LDLR−/− mice fed a high-fat diet 16, 83
naringenin 3.00 mice fed a high-fat diet 83
naringin 0.02 mice fed a high-fat diet 82
naringin 0.02 mice fed a high-fat high-cholesterol diet 74
naringin 0.02 db/db mice (diabetic) 87
naringin 0.05 rabbits fed a high-cholesterol diet 81
naringin 50−100 mg/kg bw streptozotocin-induced type 2 diabetic rats fed a

high-fat diet
84

naringin and
hesperidin

0.50 rats fed high-cholesterol diet 80

↓ hepatic TG hesperidin 0.02 db/db mice (diabetic) 87
naringenin 1.00, 3.00 LDLR−/− mice fed a high-fat diet 16, 83
naringenin 3.00 mice fed a high-fat diet 83
naringin 0.02 db/db mice (diabetic) 87
naringin 0.05 rabbits fed high-cholesterol diet 81
naringin and
hesperidin

0.50 rats fed high-cholesterol diet 80

↓ hepatic cholesterol hesperidin 0.02 db/db mice (diabetic) 87
naringenin 0.006 rats fed a diabetogenic diet 85
naringenin 1.00, 3.00 LDLR−/− mice fed a high-fat diet 16, 83
naringenin 3.00 mice fed a high-fat diet 83
naringin 0.02 mice fed a high-fat diet 82
naringin 0.02 db/db mice (diabetic) 87
naringin 0.05 rabbits fed high-cholesterol diet 81
naringin and
hesperidin

0.50 rats fed high-cholesterol diet 80

↓ apo B secretion naringenin 3.00 LDLR−/− mice fed a high-fat diet 83

insulin resistance ↓ glycemia hesperidin 0.02 db/db mice (diabetic) 87
naringenin 3.00 LDLR−/− mice fed a high-fat diet 16, 83
naringenin 3.00 mice fed a high-fat diet 83
naringin 0.02 db/db mice (diabetic) 87
naringin 0.02 mice fed a high-fat diet 82
naringin 50−100 mg/kg bw streptozotocin-induced type 2 diabetic rats fed a

high-fat diet
84

↓ insulinemia naringenin 3.00 LDLR−/− mice fed a high-fat diet 16, 83
naringenin 3.00 mice fed a high-fat diet 83
naringin 0.02 mice fed a high-fat diet 82
naringin 25, 50, 100 mg/kg bw streptozotocin-induced type 2 diabetic rats fed a

high-fat diet
84

↓ insulin resistance naringenin 1.00, 3.00 LDLR−/− mice fed a high-fat diet 83
naringin 0.02 mice fed a high-fat high-cholesterol diet 74
naringin 0.02 mice fed a high-fat diet 82
naringin 25, 50, 100 mg/kg bw streptozotocin-induced type 2 diabetic rats fed a

high-fat diet
84

oxidative stress ↑ paraoxonase hesperidin 0.02 db/db mice (diabetic) 87
naringenin 0.02 rats fed a high-cholesterol diet 97
naringin 0.02 db/db mice (diabetic) 87

↑ SOD naringin 0.02 mice fed a high-fat diet 82
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Clinical Studies. Several clinical trials have demonstrated
an improvement in cardiovascular risk factors after con-
sumption of flavanone-rich foods or isolated flavanones
(Table 2).
Impact on Vascular Function. Endothelial function tightly

controls both vascular reactivity and integrity, and any
alteration of these capacities is highly involved in the initiation
of atherosclerosis.55 Notably, endothelial dysfunction has been
associated with the occurrence of hypertension, a well-
recognized cardiovascular risk factor. In individuals with stage
I hypertension, a double-blind crossover trial evaluated the
effect on blood pressure of the consumption of a high-flavonoid
citrus juice compared to a low-flavonoid citrus juice.56 Only
consumption of the high-flavonoid citrus juice during 5 weeks
resulted in a significant reduction in diastolic blood pressure
(DBP, −3.7 mmHg) (Table 2). In agreement with this, another
intervention study with a randomized crossover design
demonstrated a lower DBP after a 4 week supplementation
with hesperidin (292 mg; equivalent to the amount found in
500 mL of orange juice) compared to placebo in overweight
subjects.57 The magnitude of the decrease of DBP after
hesperidin consumption (−4 mmHg) was similar to that
observed after the consumption of 500 mL of orange juice. In
addition, hesperidin ingestion significantly improved the
postprandial microvascular endothelial reactivity compared to

the placebo, and these changes were positively correlated with
plasma hesperetin concentrations. Importantly, this study
showed that the flavanone hesperidin may be causally linked
to the vascular protective effects observed with orange juice.
Recently, another controlled crossover trial involving individ-
uals with metabolic syndrome has shown an improvement in
flow-mediated dilation after a 3 week supplementation with 500
mg of hesperidin but with no effect on blood pressure.58 In this
study, hesperidin supplementation also reduced sE-selectin
concentrations, a soluble biomarker of endothelial dysfunction.
The clinical data available to date indicate that the impact of
flavanones is focused on endothelium-dependent vasorelaxation
without any changes in vascular smooth muscle cell
function.57,58

Impact on Blood Lipid Profile. Clinical studies on the effects
of flavanones on the blood lipid profile are not consistent. In
healthy individuals receiving 400 mg of naringin daily for 2
months, no change in plasma lipid concentration was observed
(Table 2).59 By contrast, the same dose of naringin significantly
lowered plasma low density lipoprotein-cholesterol (LDL-C)
and total cholesterol (TC) concentrations and increased the
high density lipoprotein-cholesterol (HDL-C)/TC ratio in
hypercholesterolemic subjects. In individuals with the metabolic
syndrome, a 3 week supplementation with 500 mg of
hesperidin also significantly reduced TC and apolipoprotein

Table 3. continued

parameter effecta compound effective dose (%) model ref

naringin 0.05 rabbits fed a high-cholesterol diet 98
naringin 50−100 mg/kg bw streptozotocin-induced type 2 diabetic rats fed a

high-fat diet
84

↑ catalase naringenin 0.02 rats fed a high-cholesterol diet 97
naringin 0.02 mice fed a high-fat diet 82
naringin 0.05 rabbits fed a high-cholesterol diet 98

↑ glutathione
peroxydase

naringin 0.02 mice fed a high-fat diet 82

naringin 0.05 rabbits fed a high-cholesterol diet 98
naringin 50−100 mg/kg bw streptozotocin-induced type 2 diabetic rats fed a

high-fat diet
84

↑ glutathione
reducatase

naringenin 0.02 rats fed a high-cholesterol diet 97

inflammation ↓ TNFα naringin 0.02 mice fed a high-fat diet 82
naringin 50−100 mg/kg bw streptozotocin-induced type 2 diabetic rats fed a

high-fat diet
84

↓ IL6 naringin 50−100 mg/kg bw streptozotocin-induced type 2 diabetic rats fed a
high-fat diet

84

↓ CRP naringin 50−100 mg/kg bw streptozotocin-induced type 2 diabetic rats fed a
high-fat diet

84

↓ VCAM-1 naringenin 0.05 rabbits fed a high-cholesterol diet 73
naringin 0.10 rabbits fed a high-cholesterol diet 73

↓ ICAM-1 naringin 0.02 mice fed a high-fat high-cholesterol diet 74
naringin 0.50 rabbits fed a high-cholesterol diet 72

↓ E-selectin naringin 0.02 mice fed a high-fat high-cholesterol diet 74
↓ MCP1 naringenin 0.05 rabbits fed a high-cholesterol diet 73

naringin 0.10 rabbits fed a high-cholesterol diet 73

atherosclerosis
development

↓ atherosclerotic
lesions

naringenin 0.05 rabbits fed a high-cholesterol diet 73

naringenin 3.00 LDLR−/− mice fed a high-fat diet 16
naringin 0.02 mice fed a high-fat−high-cholesterol diet 74
naringin 0.10 rabbits fed a high-cholesterol diet 73
naringin 0.50 rabbits fed a high-cholesterol diet 72

aAbbreviations: Apo B, apolipoprotein B; CRP, C-reactive protein; ICAM, intercellular adhesion molecule 1; IL, interleukin; MCP1, monocyte
chemotactic protein-1; SOD, superoxide dismutase; TNFα, tumor necrosis factor alpha; VCAM, vascular cell adhesion molecule.
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B (apo B) concentrations.58 However, hypercholesterolemic
subjects receiving 800 mg of hesperidin or 500 mg of
naringin,60 as well as overweight men supplemented with 292
mg of hesperidin,57 both during 4 weeks, did not show any
modification in their blood lipid profile. Given the high
similarity of the baseline characteristics of the study subjects
and conditions of exposure, such a discrepancy is surprising. A
possible explanation might be related to the high variability in
flavanone bioavailability among individuals. Even though
animal studies support a potential lipid-lowering effect of
flavanones (see below), further clinical intervention studies are
necessary to clarify their impact on blood lipids in humans.
Impact on Parameters Related to Oxidant/Antioxidant

Status and Inflammation. Oxidative stress and chronic
inflammation are pathological processes that contribute to
atherogenesis and the progression of atherosclerosis.61,62 In
healthy men with cardiovascular risk factors, no changes were

observed in the plasma antioxidant capacity following
hesperidin supplementation (292 mg) for 4 weeks (Table
2).57 This result, which does not support a direct antioxidant
effect of flavanones in vivo, is not surprising considering both
the low antioxidant capacity of the native flavanone structure,
further reduced by the conjugation process, and the low
circulating levels of conjugated metabolites. Jung et al.
investigated the impact of an 8 week supplementation with
400 mg of naringin on antioxidant enzymes and reported a
significant increase in erythrocyte catalase and superoxide
dismutase (SOD) activities in hypercholesterolemic subjects.59

This study suggests that flavanones may improve endogenous
antioxidant defense systems in dyslipidemic subjects, which
may positively affect cardiovascular function. Additional data
are needed to confirm these effects.
With regard to inflammation, in subjects with metabolic

syndrome, a 500 mg hesperidin supplementation was shown to

Table 4. Effects of Flavanones on Parameters Related to Cardiovascular Risk in Cell Studies

parameter effecta compound effective dose (μM) modela ref

vascular function ↑ endothelium-dependent vasodilatory response hesperetin 10 aortic ring of SHR rats 75

↑ NO production hesperetin 0.01−10 BAEC 58
hesperetin 12.5−100 HUVEC 78

lipid profile ↓ apo B secretion hesperetin 200 HepG2 94
hesperetin 200b HepG2 92
naringenin 75 HepG2 90
naringenin 100 HepG2 89
naringenin 100 HepG2 88
naringenin 100−200 HepG2 94
naringenin 200 Huh7 93
naringenin 200 wild-type mouse hepatocytes 91
naringenin 200 LDLR−/− mouse hepatocytes 91
naringenin 220b HepG2 92
naringenin 200 primary rat hepatocytes 93

↓ cholesteryl ester hesperetin 200 HepG2 94
hesperetin 200b HepG2 92
naringenin 200 HepG2 94
naringenin 220b HepG2 92

insulin resistance insulin-like activity naringenin 50−200 HepG2 89
naringenin 100 HepG2 88
naringenin 200 HepG2 91

inflammation ↓ VCAM-1 hesperetin 10 TNFα-stimulated BAEC 58
hesperetin 50 TNFα-stimulated HUVEC 105
hesperidin 550 TNFα-stimulated HUVEC 106
hesperidin 50 TNFα-stimulated HUVEC 105
naringenin 50 TNFα-stimulated HUVEC 105
naringin 50 TNFα-stimulated HUVEC 105

↓ monocyte adhesion hesperetin 10 TNFα-stimulated BAEC 58
hesperidin 550 TNFα-stimulated HUVEC 106
naringenin 1 TNFα-stimulated HUVEC 74

↓ TNFα hesperetin 50 LPS-stimulated macrophages 100
hesperetin 50 LPS-stimulated macrophages 101
naringenin 90−180b LPS-stimulated macrophages 99

↓ IL6-IL1β naringenin 90−180b LPS-stimulated macrophage 99
↓ PGE2 naringenin 550 LPS-stimulated macrophage 102

aAbbreviations: Apo B, apolipoprotein B; BAEC, bovine aortic endothelial cell; HUVEC, human umbilical vein endothelial cells; IL, interleukin;
PGE2, prostaglandine E2; TNFα, tumor necrosis factor alpha; VCAM, vascular cell adhesion molecule. bA molecular weight of 272 g/mol for
naringenin and 302 g/mol for hesperetin was used for conversion.
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reduce the plasma levels of two inflammatory biomarkers, C-
reactive protein (CRP) and serum amyloid A (SAA).58 In
healthy, middle-aged, moderately overweight men, despite no
effect on circulating inflammatory markers,57 hesperidin intake
(292 mg/day for 4 weeks) tended to modulate gene expression
in white blood cells toward an anti-inflammatory profile.63 In
this study the supplementation notably affected the expression
of genes involved in processes such as adhesion, chemotaxis,
and cell proliferation. Even if clinical data are still insufficient to
resolve the anti-inflammatory effect of flavanones in humans,
several preclinical studies further support this hypothesis and
are discussed below.
Together with clinical trials performed with isolated

flavanones, some studies have also been conducted with citrus
juices rich in these polyphenols. Interestingly, these later
studies revealed modifications of some intermediate biomarkers
of cardiovascular risk similar to the studies of isolated
flavanones.57,64−71 This further suggests that flavanones are
one of the bioactive compounds responsible for CVD
prevention by citrus. It should be noted that the beneficial
effects of flavanones are clearer in subjects presenting
cardiovascular risk factors. A large interindividual variability
regarding flavanone bioavailability could also explain some of
the discrepancies observed between the results from clinical
studies. Finally, the effects of flavanones on intermediate risk
factors for CVD in humans appear interesting and promising,
but data are still scarce. Moreover, the impact of dietary
flavanones on other key targets of interest for the prevention of
CV risk, for example, platelet function, has not been
investigated in humans.
Preclinical and in Vitro Studies. Results from numerous

in vivo and in vitro studies of the effects of flavanones in
relation to cardiovascular protection confirm most of the effects
observed in clinical trials and provide clues about their
mechanisms of action.
Impact on Atherosclerosis. As suggested by studies

performed in various animal models, flavanone consumption
may influence the progression of atherosclerosis (Table 3). A
60−70% reduction in the extent of the atherosclerotic lesion
was observed in rabbits fed a high-cholesterol diet supple-
mented with naringin (0.1−0.5%)72,73 as well as in low-density
lipoprotein receptor knockout (LDLR−/−) mice receiving a
Western diet supplemented with 3% naringenin.16 Recently,
our group demonstrated a 41% reduction in plaque progression
in mice fed a high-fat−high-cholesterol diet supplemented with
a nutritional dose of naringin (0.02%, equivalent to the human
consumption of half a grapefruit), whereas the same dietary
treatment did not affect the extent of the lesion in Apo E−/−
mice.74 Overall, these studies suggest antiatherogenic effects of
dietary flavanones, even at doses that could be easily achievable
in human diets.
Impact on Vascular Function. Some studies have examined

the impact of an acute oral administration of glucosyl
hesperidin on vascular function in spontaneously hypertensive
rats (SHR) or Wistar rats (Table 3).75 Of note, glucosyl
hesperidin is not a natural compound, but a hesperidin
derivative obtained by enzymatic synthesis bearing an addi-
tional glucose residue (linkage β 1→4); its solubility and
bioavailability are higher than those of hesperidin.76 After a
single oral intake of 50 mg/kg glucosyl hesperidin, a significant
reduction in systolic blood pressure was observed in SHR
rats.75 The chronic administration of the same dose of glucosyl
hesperidin (50 mg/kg) over 8 weeks also resulted in a

moderate reduction in systolic blood pressure (−3%) in SHR
rats.77 Furthermore, 10 μM hesperetin induced an increase in
endothelium-dependent vasorelaxation of aortic rings from
SHR rats (Table 4).75

Vascular tone depends on the balance between vasorelaxing
agents such as nitric oxide (NO) and vasoconstrictive agents
such as endothelin-1. NO bioavailability in the arterial wall is
determined by the balance between its synthesis by endothelial
nitric oxide synthase (eNOS) and its inactivation by reactive
oxygen species generated by vascular NADPH-oxidase. In
agreement with its beneficial effect on vascular tone and
endothelial function described clinically and experimentally,
hesperetin (0.1−100 μM) was shown to increase both NO
production and eNOS expression or activity in endothelial cells
(Table 4).58,78 Rizza et al. reported that hesperetin acutely
stimulated phosphorylation of Akt, AMP kinase, and eNOS,
which mediate NO production in endothelial cells.58 The effect
of hesperetin on NO production by endothelial cells may also
be mediated by estrogen receptor α.78 Furthermore, in vivo
data obtained with glucosyl hesperidin demonstrated its ability
to reduce mRNA expression of aortic NADPH oxidase
subunits, thus potentially reducing NO inactivation.77 In
agreement, improved NO bioavailability was supported by the
lower urinary excretion of 8-hydroxy-2′-deoxyguanosine, a
biomarker of oxidative stress, in SHR rats fed glucosyl
hesperidin.77 Studies investigating the effect of naringenin on
vascular function are scarce. In LDLR−/− mice fed a Western
diet, naringin supplementation (3%) had no effect on blood
pressure; nevertheless, these animals were not hypertensive.16

In vitro, no change in endothelial NO production was observed
in response to naringenin.78,79 Overall, these results suggest
that among flavanones, hesperetin may improve endothelium-
dependent vasorelaxation by increasing the availability of NO.

Impact on Lipid Profile. Several studies have reported a
lipid-lowering effect of flavanones (Table 3) in animals with
dyslipidemia due to their diet or genetic characteristics.
Supplementation with naringin (0.05%) or a mix of naringin
and hesperidin (0.5%) in rabbits or rodents fed a cholesterol-
rich diet reduced cholesterolemia by 30−55%.80,81 In rodent
models fed a high-fat or high-fat−high-cholesterol diet, a low
dietary supplementation with naringin (0.02%) decreased
cholesterolemia (from −13 to −25%) without an effect on
triglycerides (TG) levels.74,82 In contrast, treatment with 1−3%
naringenin or 50 mg/kg naringin decreased TC (from −17 to
50%) and TG (from −36 to −68%).16,83,84 The supplementa-
tion of diabetogenic diets with 0.012% naringenin in rats led to
a decrease in plasma TG concentration (−56%) and with 1%
naringenin in mice resulted in a reduction in TG (−46%) and
cholesterol (−20%) concentrations.85,86 In this latter study,
however, supplementation of the diet with 1% hesperetin had
no effect on lipidemia. Additionally, lipid-lowering effects of
dietary flavanones have also been observed in animal models of
type 2 diabetes. Indeed, hesperidin or naringin supplementation
(0.02%) decreased plasma TG and cholesterol concentration.87

Several studies also reported a reduction in hepatic cholesterol
(−30% to −80%) and/or TG (−20% to −80%) concen-
tration16,80−83,85,87 after flavanones supplementation (Table 3).
Furthermore, flavanones increased hepatic fatty acid β
oxidation in vivo83,86 and reduced apo B lipoprotein secretion
(very low density lipoprotein, VLDL) both in vivo and in vitro
(Table 4).83,88−94 Thus, the impact of flavanones on both the
hepatic metabolism of TG and cholesterol is likely to be
involved in plasma lipid-lowering effect.
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The lipid-lowering effects of flavanones may be mediated
through their ability to alter the expression or activity of nuclear
receptors involved in the control of lipid metabolism. In vivo
naringenin and naringin supplementations have been shown to
increase hepatic peroxisome proliferator-activated receptor α
(PPARα) mRNA or protein levels as well as its downstream
targets carnitine palmitoyltransferase (CPT1), acyl-CoA
oxidase (Aco), and uncoupling protein (2UCP2), which
control fatty acid oxidation and energy metabolism.82,83,85,86

Strengthening these results, exposure of hepatic cells to
naringenin induced PPARα activation and expression of its
target gene Aco.93 Activation of PPARα is known to decrease
apo B and VLDL production and to induce fatty acid
oxidation,95 thus explaining the reduced hepatic and plasma
TG concentrations and decreased VLDL secretion observed
under flavanone supplementation.
In mice fed a high-fat diet, flavanone supplementation also

inhibited the hepatic activity of liver X receptor alpha (LXRα)
and its downstream effector sterol regulatory element binding
protein 1c (SREBP1c), thereby down-regulating lipogenic
genes. Indeed, naringenin supplementation has been associated
with a reduction in the expression of SREBP1c in mice.82,83

Sharma et al. reported reduced SREBP1c and LXRα protein
expression following naringin feeding.84 Naringin and hesper-
idin treatment led to reduced expression or activity of SREBP1c
targets such as fatty acid synthase (FAS), acetyl-coA
carboxylase (ACC), glucose-6-phosphate dehydrogenase, and
the phosphatidate phosphohydrolase, involved in different steps
of lipogenesis.82,87 In support of these results, naringenin was
shown to inhibit LXRα activity and reduce mRNA levels of
LXRα-regulated genes controlling cholesterol and fatty acid
availability including ABCA1, ABCG1, HMGCoA reductase,
and FAS in hepatic cells.93 Other studies demonstrated that
flavanones inhibit the hepatic activity of HMGCoA reductase,
the limiting enzyme of cholesterogenesis.80,87 Overall, inhib-
ition of the LXR pathway by flavanones can reduce lipogenesis
and cholesterogenesis. Such effects may account for the
reduced hepatic TG and cholesterol content and the limited
VLDL secretion observed in response to flavanone supple-
mentation.
In vitro studies of hepatocytes also showed that flavanones

inhibited apo B-containing lipoprotein secretion by reducing
the expression and activity of microsomal TG transfer protein
(MTTP; involved in the assembly and secretion of apo B
lipoproteins) and acyl CoA cholesterol acyl transferase (ACAT;
responsible for cholesterol esterification).88,94 Reduced choles-
teryl ester synthesis has also been observed after exposure of
hepatocytes to flavanones (Table 4).92,94 In addition,
naringenin increased the expression and activity of LDLR,
which is involved in remnant lipoprotein clearance from the
plasma.91,93,94

In summary, several animal studies have reported an
improved lipid profile after supplementation with a nutritional
dose of flavanones.74,82,85 According to experimental data,
flavanones may exert their lipid-lowering activities through
changes in both the expression and activity of key mediators
involved in the control of hepatic lipid homeostasis.
Impact on Insulin Resistance. Insulin resistance plays a

crucial role in the development of atherosclerosis and
cardiovascular risk. Interestingly, several studies revealed that
flavanones can exert insulin-like effects (Table 3). In diabetic
animals84,87 as well as models of insulin resistance induced by a
high-fat diet,82,83 supplementation with flavanones (0.02−3%

during 4 or more weeks) reduced glycemia and/or insulinemia.
The animals supplemented with flavanones had reduced insulin
resistance and improved glucose tolerance.74,82−84 Insulin-like
properties of naringenin have also been described in vitro
(Table 4).88,89,91

Flavanones have been shown to activate PPARγ, a nuclear
receptor involved in the control of glucose homeostasis and the
activationof which increases insulin sensitivity.96 Indeed,
supplementation of diabetic animals with naringin or hesperidin
significantly induced the hepatic expression of PPARγ84,87 and
increased the mRNA levels as well as the activity of glucokinase,
a key enzyme in the regulation of hepatic glucose utilization.87

Furthermore, exposure of hepatic cells to naringenin activated
PPARγ as assessed by a gene reporter assay.93 In diabetic
rodents, naringin supplementation also resulted in the down-
regulation of expression of key gluconeogenic enzymes such as
glucose-6-phosphatase and phosphoenolpyruvate carboxyki-
nase.82,87 These changes could be related to the lowering of
blood glucose observed with flavanones. Alternatively,
naringenin also induced the activation of insulin signaling
pathways such as MAPK and PI3Kinase, without affecting
insulin receptor activity; this was associated with reduced apoB
secretion.88,89,91 Overall, by exerting insulin-like activity, dietary
flavanones may improve insulin sensitivity and have a positive
impact on both glucose and lipid homeostasis.

Impact on Oxidative Stress and Inflammation. In addition
to their insulin sensitizing, antihypertensive, and lipid-lowering
effects, flavanones may also act on oxidative stress and
inflammation. In both dyslipidemic and diabetic rodent models,
dietary flavanone supplementation was reported to increase the
activity of antioxidant enzymes, such as plasma paraoxonase,
SOD, and glutathione peroxidase,84,87,97 and erythrocyte
catalase,97 as well as hepatic SOD, catalase, glutathione
reductase, and glutathione peroxidase (Table 3).82,84,97

Interestingly, supplementation with flavanones seemed without
effect in healthy animals.59,82 Increases in the hepatic gene
expression of SOD, catalase, and glutathion peroxidase were
also observed after naringin supplementation in rabbits that
were fed a high-cholesterol diet.98

Several in vivo studies have shown that flavanones can reduce
vascular or systemic levels of chemokines as well as
inflammatory and adhesion molecules,72−74,82,84 the expression
of which is tightly controlled by the pro-inflammatory factor
NF-κB (Table 3). Flavanones have been reported to exert
potential anti-inflammatory actions in various cell types
involved in atherogenesis including endothelial and smooth
muscle cells as well as monocytes/macrophages (Table 4).
Indeed, in LPS-stimulated macrophages exposed to 90 μM
naringenin, the production of pro-inflammatory cytokines
(interleukin 1beta (IL1β), interleukin 6 (IL6), and tumor
necrosis factor alpha (TNFα)) was reduced.99 Other studies
have also reported a decrease in TNFα production after
exposure of activated macrophages to 50 μM hesperetin.100,101

Furthermore, the exposure of macrophages to more physio-
logical concentrations of naringenin, for example, 5 μM,
decreased prostaglandin E2, a pro-inflammatory eicosanoid,
production and reduced the expression of COX2, the enzyme
required for its synthesis.102 The exposure of inflammation-
stimulated macrophages to naringenin (30−100 μM) inhibited
NF-κB activation.103,104 Surprisingly, hesperetin (100 μM) did
not have such an effect, suggesting that other anti-inflammatory
pathways may be involved.100 With regard to the effects
described in hepatic cells, PPARs, which also control
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inflammation, could be one of these alternative molecular
targets. In endothelial cells exposed to inflammatory stress,
hesperidin and naringin reduced VCAM-1 expression without
affecting ICAM-1 or E-selectin (Table 4).105,106 Particularly,
hesperidin has been shown to reduce TNFα-induced VCAM-1
expression through the regulation of the Akt and PKC
pathways.106 However, the observed effect of flavanone
glycosides on reduced adhesion of monocytes to endothelial
cells yielded inconsistent results.105,106 In TNFα-stimulated
endothelial cells, some studies reported a reduction of the
expression of adhesion molecules and/or of monocyte adhesion
to endothelial cells after exposure to aglycones including with
physiological concentrations (effects observed with 1−50 μM
hesperetin or naringenin),58,74,105 whereas others did not
observe this effect.107 Data are scarce regarding the impact of
flavanones on the activity of smooth muscle cells. One study
indicated that 15 μM naringenin or naringin reduced matrix
metallopeptidase 9 (MMP9) expression, thereby reducing
smooth muscle cell migration, a step involved in lesion
progression during atherosclerosis.108 The observed reduction
of MMP9 gene expression by naringin was partly due to the
suppression of the DNA-binding activity of NF-κB.108 These
data suggest that flavanones may exert anti-inflammatory
activities in the various cell types involved in atherosclerosis
development in part through the inhibition of the NF-κB
pathway. This modulatory effect may be related to the reduced
progression of atherosclerosis observed in animals fed
flavanones. However, these in vitro data were mostly obtained
using supraphysiological concentrations of aglycone com-
pounds or flavanone glycosides (see Table 1); thus, their
biological relevance is limited. The underlying mechanisms by
which flavanones may antagonize inflammation and oxidative
stress have not yet been fully elucidated. Moreover, despite one
promising study showing that hesperetin was a potent inhibitor
of platelet aggregation and COX1 activity,109 few data are
available regarding the impact of dietary flavanones on platelet
function, another cell type playing an important role in CVD.
A body of evidence from epidemiological, clinical, and

experimental data suggests that flavanones may contribute to
the prevention of CVD through a reduction of various
cardiovascular risk factors. The few human intervention studies
performed to date indicate a possible role of flavanones in
regulating blood pressure and improving endothelial function.
As is the case for many other flavonoids, these clinical data are
insufficient to draw conclusions about the effectiveness of
flavanones. The modes of action by which dietary flavanones
may positively affect vascular health are more widely
documented in studies performed in animal models. From
these studies, flavanones were shown to exhibit antiatherogenic
properties, to improve vascular reactivity, and to exert
antihypertensive, insulin-sensitizing, and lipid-lowering effects.
These beneficial effects may be mediated through genomic and
nongenomic pathways, and most of them are related to anti-
inflammatory and antioxidative activities.
In conclusion, further clinical studies in different populations

using isolated compounds are needed to clarify the effect of
flavanones in humans. Given the high interindividual variability
of flavanone bioavailability, it would be particularly important
to correlate the magnitude of the observed phenotypic changes
with plasma concentrations achieved. Long-term intervention
studies should also been conducted to substantiate future
health claims regarding flavanone-rich products. To improve
the physiological relevance of the preclinical and in vitro data,

additional studies investigating the impact of nutritional doses
of flavanones in vivo and the effect of nutritionally achievable
concentrations of flavanone metabolites in vitro are required.
These studies will be crucial to identify the underlying cellular
and molecular mechanisms of the cardiovascular protective
effects of flavanones.

■ AUTHOR INFORMATION

Corresponding Author
*Phone: +33 (0)4 73 62 40 84. Fax: + 33 (0)4 73 62 47 55. E-
mail: christine.morand@clermont.inra.fr.

Notes
The authors declare no competing financial interest.

■ REFERENCES
(1) Dauchet, L.; Amouyel, P.; Dallongeville, J. Fruit and vegetable
consumption and risk of stroke − a meta-analysis of cohort studies.
Neurology 2005, 65, 1193−1197.
(2) Dauchet, L.; Amouyel, P.; Hercberg, S.; Dallongeville, J. Fruit and
vegetable consumption and risk of coronary heart disease: a meta-
analysis of cohort studies. J. Nutr. 2006, 136, 2588−2593.
(3) He, F. J.; Nowson, C. A.; MacGregor, G. A. Fruit and vegetable
consumption and stroke: meta-analysis of cohort studies. Lancet 2006,
367, 320−326.
(4) He, F. J.; Nowson, C. A.; Lucas, M.; MacGregor, G. A. Increased
consumption of fruit and vegetables is related to a reduced risk of
coronary heart disease: meta-analysis of cohort studies. J. Hum.
Hypertens. 2007, 21, 717−728.
(5) Manach, C.; Scalbert, A.; Morand, C.; Remesy, C.; Jimenez, L.
Polyphenols: food sources and bioavailability. Am. J. Clin. Nutr. 2004,
79, 727−747.
(6) Ovaskainen, M. L.; Torronen, R.; Koponen, J. M.; Sinkko, H.;
Hellstrom, J.; Reinivuo, H.; Mattila, P. Dietary intake and major food
sources of polyphenols in Finnish adults. J. Nutr. 2008, 138, 562−566.
(7) Perez-Jimenez, J.; Fezeu, L.; Touvier, M.; Arnault, N.; Manach,
C.; Hercberg, S.; Galan, P.; Scalbert, A. Dietary intake of 337
polyphenols in French adults. Am. J. Clin. Nutr. 2011, 93, 1220−1228.
(8) Arts, I. C. W.; Hollman, P. C. H. Polyphenols and disease risk in
epidemiologic studies. Am. J. Clin. Nutr. 2005, 81, 317s−325s.
(9) Hollman, P. C.; Geelen, A.; Kromhout, D. Dietary flavonol intake
may lower stroke risk in men and women. J. Nutr. 2010, 140, 600−
604.
(10) Edwards, R. L.; Lyon, T.; Litwin, S. E.; Rabovsky, A.; Symons, J.
D.; Jalili, T. Quercetin reduces blood pressure in hypertensive subjects.
J. Nutr. 2007, 137, 2405−2411.
(11) Egert, S.; Boesch-Saadatmandi, C.; Wolffram, S.; Rimbach, G.;
Muller, M. J. Serum lipid and blood pressure responses to quercetin
vary in overweight patients by apolipoprotein E genotype. J. Nutr.
2010, 140, 278−284.
(12) Erlund, I.; Koli, R.; Alfthan, G.; Marniemi, J.; Puukka, P.;
Mustonen, P.; Mattila, P.; Jula, A. Favorable effects of berry
consumption on platelet function, blood pressure, and HDL
cholesterol. Am. J. Clin. Nutr. 2008, 87, 323−331.
(13) Hooper, L.; Kroon, P. A.; Rimm, E. B.; Cohn, J. S.; Harvey, I.;
Le Cornu, K. A.; Ryder, J. J.; Hall, W. L.; Cassidy, A. Flavonoids,
flavonoid-rich foods, and cardiovascular risk: a meta-analysis of
randomized controlled trials. Am. J. Clin. Nutr. 2008, 88, 38−50.
(14) Loke, W. M.; Hodgson, J. M.; Proudfoot, J. M.; McKinley, A. J.;
Puddey, I. B.; Croft, K. D. Pure dietary flavonoids quercetin and
(−)-epicatechin augment nitric oxide products and reduce endothelin-
1 acutely in healthy men. Am. J. Clin. Nutr. 2008, 88, 1018−1025.
(15) Loke, W. M.; Proudfoot, J. M.; Hodgson, J. M.; McKinley, A. J.;
Hime, N.; Magat, M.; Stocker, R.; Croft, K. D. Specific dietary
polyphenols attenuate atherosclerosis in apolipoprotein E-knockout
mice by alleviating inflammation and endothelial dysfunction.
Arterioscler. Thromb. Vasc. Biol. 2010, 30, 749−757.

Journal of Agricultural and Food Chemistry Review

dx.doi.org/10.1021/jf300669s | J. Agric. Food Chem. 2012, 60, 8809−88228819



(16) Mulvihill, E. E.; Assini, J. M.; Sutherland, B. G.; DiMattia, A. S.;
Khami, M.; Koppes, J. B.; Sawyez, C. G.; Whitman, S. C.; Huff, M. W.
Naringenin decreases progression of atherosclerosis by improving
dyslipidemia in high-fat-fed low-density lipoprotein receptor-null mice.
Arterioscle., Thromb. Vasc. Biol. 2010, 30, 742−748.
(17) Nardini, M.; Natella, F.; Scaccini, C. Role of dietary polyphenols
in platelet aggregation. A review of the supplementation studies.
Platelets 2007, 18, 224−243.
(18) Schroeter, H.; Heiss, C.; Balzer, J.; Kleinbongard, P.; Keen, C.
L.; Hollenberg, N. K.; Sies, H.; Kwik-Uribe, C.; Schmitz, H. H.; Kelm,
M. (−)-Epicatechin mediates beneficial effects of flavanol-rich cocoa
on vascular function in humans. Proc. Natl. Acad. Sci. U.S.A. 2006, 103,
1024−1029.
(19) Widlansky, M. E.; Hamburg, N. M.; Anter, E.; Holbrook, M.;
Kahn, D. F.; Elliott, J. G.; Keaney, J. F., Jr.; Vita, J. A. Acute EGCG
supplementation reverses endothelial dysfunction in patients with
coronary artery disease. J. Am. Coll. Nutr. 2007, 26, 95−102.
(20) Peterson, J. J.; Beecher, G. R.; Bhagwat, S. A.; Dwyer, J. T.;
Gebhardt, S. E.; Haytowitz, D. B.; Holden, J. M. Flavanones in
grapefruit, lemons, and limes: a compilation and review of the data
from the analytical literature. J. Food Compos. Anal. 2006, 19, S74−
S80.
(21) Peterson, J. J.; Dwyer, J. T.; Beecher, G. R.; Bhagwat, S. A.;
Gebhardt, S. E.; Haytowitz, D. B.; Holden, J. M. Flavanones in
oranges, tangerines (mandarins), tangors, and tangelos: a compilation
and review of the data from the analytical literature. J. Food Compos.
Anal. 2006, 19, S66−S73.
(22) Berhow, M. A. Flavonoid accumulation in tissue and cell culture.
Studies in Citrus and other plant species. Adv. Exp. Med. Biol. 1998,
439, 67−84.
(23) Tomas-Barberan, F. A.; Clifford, M. N. Flavanones, chalcones
and dihydrochalcones − nature, occurrence and dietary burden. J. Sci.
Food Agric. 2000, 80, 1073−1080.
(24) Nogata, Y.; Sakamoto, K.; Shiratsuchi, H.; Ishii, T.; Yano, M.;
Ohta, H. Flavonoid composition of fruit tissues of citrus species.
Biosci., Biotechnol., Biochem. 2006, 70, 178−192.
(25) Neveu, V.; Perez-Jimenez, J.; Vos, F.; Crespy, V.; du Chaffaut,
L.; Mennen, L.; Knox, C.; Eisner, R.; Cruz, J.; Wishart, D.; Scalbert, A.
Phenol-Explorer: an Online Comprehensive Database on Polyphenol
Contents in Foods, 2010; bap024.
(26) Ross, S. A.; Ziska, D. S.; Zhao, K.; ElSohly, M. A. Variance of
common flavonoids by brand of grapefruit juice. Fitoterapia 2000, 71,
154−161.
(27) Erdman, J. W., Jr.; Balentine, D.; Arab, L.; Beecher, G.; Dwyer, J.
T.; Folts, J.; Harnly, J.; Hollman, P.; Keen, C. L.; Mazza, G.; Messina,
M.; Scalbert, A.; Vita, J.; Williamson, G.; Burrowes, J. Flavonoids and
heart health: proceedings of the ILSI North America Flavonoids
Workshop, May 31−June 1, 2005, Washington, DC. J. Nutr. 2007,
137, 718S−737S.
(28) Lagiou, P.; Samoli, E.; Lagiou, A.; Tzonou, A.; Kalandidi, A.;
Peterson, J.; Dwyer, J.; Trichopoulos, D. Intake of specific flavonoid
classes and coronary heart disease − a case-control study in Greece.
Eur. J. Clin. Nutr. 2004, 58, 1643−1648.
(29) Rossi, M.; Garavello, W.; Talamini, R.; La Vecchia, C.;
Franceschi, S.; Lagiou, P.; Zambon, P.; Dal Maso, L.; Bosetti, C.;
Negri, E. Flavonoids and risk of squamous cell esophageal cancer. Int.
J. Cancer 2007, 120, 1560−1564.
(30) Rossi, M.; Garavello, W.; Talamini, R.; Negri, E.; Bosetti, C.; Dal
Maso, L.; Lagiou, P.; Tavani, A.; Polesel, J.; Barzan, L.; Ramazzotti, V.;
Franceschi, S.; La Vecchia, C. Flavonoids and the risk of oral and
pharyngeal cancer: a case-control study from Italy. Cancer Epidemiol.
Biomarkers Prev. 2007, 16, 1621−1625.
(31) Tavani, A.; Spertini, L.; Bosetti, C.; Parpinel, M.; Gnagnarella,
P.; Bravi, F.; Peterson, J.; Dwyer, J.; Lagiou, P.; Negri, E.; La Vecchia,
C. Intake of specific flavonoids and risk of acute myocardial infarction
in Italy. Public Health Nutr. 2006, 9, 369−374.
(32) Zamora-Ros, R.; Andres-Lacueva, C.; Lamuela-Raventos, R. M.;
Berenguer, T.; Jakszyn, P.; Barricarte, A.; Ardanaz, E.; Amiano, P.;
Dorronsoro, M.; Larranaga, N.; Martinez, C.; Sanchez, M. J.; Navarro,

C.; Chirlaque, M. D.; Tormo, M. J.; Quiros, J. R.; Gonzalez, C. A.
Estimation of dietary sources and flavonoid intake in a Spanish adult
population (EPIC-Spain). J. Am. Diet. Assoc. 2010, 110, 390−398.
(33) Scalbert, A.; Williamson, G. Dietary intake and bioavailability of
polyphenols. J. Nutr. 2000, 130, 2073S−2085S.
(34) Urpi-Sarda, M.; Rothwell, J.; Morand, C.; Manach, C.
Bioavailability of flavanones. In Flavonoids and Related Compounds:
Bioavailability and Function; Spencer, J., Crozier, A., Eds.; CRC Press:
Boca Raton, FL, 2012; pp 1−65.
(35) Ishii, K.; Furuta, T.; Kasuya, Y. Mass spectrometric identification
and high-performance liquid chromatographic determination of a
flavonoid glycoside naringin in human urine. J. Agric. Food Chem. 2000,
48, 56−59.
(36) Brett, G. M.; Hollands, W.; Needs, P. W.; Teucher, B.; Dainty, J.
R.; Davis, B. D.; Brodbelt, J. S.; Kroon, P. A. Absorption, metabolism
and excretion of flavanones from single portions of orange fruit and
juice and effects of anthropometric variables and contraceptive pill use
on flavanone excretion. Br. J. Nutr. 2009, 101, 664−675.
(37) Vallejo, F.; Larrosa, M.; Escudero, E.; Zafrilla, M. P.; Cerda, B.;
Boza, J.; Garcia-Conesa, M. T.; Espıń, J. C.; Tomas-Barberan, F. A.
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