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Scope: Diets low in fruits and vegetables (FV) are responsible for 2.7 million deaths from
cardiovascular diseases (CVD) and certain cancers annually. Many FV and their juices contain
flavonoids, some of which increase endothelial nitric oxide synthase (eNOS) activity. A single
nucleotide polymorphism in the eNOS gene, where thymine (T) replaces guanine (G) at po-
sition 894 predicting substitution of glutamate for aspartate at codon 298 (Glu298Asp), has
been associated with increased CVD risk due to effects on nitric oxide synthesis and subse-
quently vascular reactivity. Individuals can be homozygous for guanine (GG), thymine (TT) or
heterozygous (GT).

Methods and results: We investigated the effects of acute ingestion of a FV-puree-based-
drink (FVPD) on vasodilation and antioxidant status in subjects retrospectively genotyped
for this polymorphism. Healthy volunteers (n = 24; 11 GG, 11 GT, 2 TT) aged 30-70
were recruited to a randomized, controlled, crossover, acute study. We showed that acute
consumption of 400 mL FVPD differentially affected individuals depending on their geno-
type. There was a significant genotype interaction for endothelium-dependent vasodilation
measured by laser Doppler imaging with iontophoresis (P < 0.05) and ex vivo low-density
lipoproteins (LDL) oxidation (P = 0.002). GG subjects had increased endothelium-dependent
vasodilation 180 min (P = 0.028) and reduced ex vivo LDL oxidation (P = 0.013) after
60 min after FVPD compared with control, no differences were observed in GT subjects.
Conclusion: eNOS Glu298Asp genotype differentially affects vasodilation and ex vivo LDL
oxidation after consumption of FV in the form of a puree-based drink.
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Fruit- and vegetable-rich diets have been linked to a decreased
risk of cardiovascular diseases (CVD) in epidemiological stud-
ies [1]. The association between intake of fruit and vegeta-
bles (F&V) and the risk of developing coronary heart disease
in 126 399 subjects showed that individuals in the highest

replaced by thymine, T) change at position 894 in exon 7 predict-
ing a substitution of glutamic acid for aspartic acid at position 298;
GT, heterozygote; LDI, laser Doppler imaging with iontophoresis;
NO, nitric oxide; ORAC, oxygen radical absorbance capacity; TT,
homozygous for thymine at position 894 in the eNOS gene
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quintile of F&V consumption had a relative risk of coronary
heart disease of 0.80 (95% CI, 0.69-0.93) compared to those
in the lowest quintile [2]. The World Health Organisation
estimated low F&V consumption caused 31% of ischemic
heart disease and 11% of stroke worldwide and 2.7 million
deaths annually could be prevented with increased consump-
tion [3]. They recommended a minimum intake of 400 g of
F&V per day to prevent chronic diseases such as heart dis-
ease, cancer, diabetes, and obesity. The protective effect of
F&V could be attributed to fiber [4]; vitamins [5, 6] or non-
nutritive phytochemicals they contain, such as polyphenols
[7]; or carotenoids [8]. These beneficial components are plant
secondary metabolites and are also present in varying quan-
tities in many F&V juices [9-11]. Research indicates F&V
juices also have a protective effect against CVD [12]. For ex-
ample, Concord grape juice (5.5 mL/kg/day) significantly re-
duced systolic and diastolic blood pressure by 7.2 mmHg
(p = 0.005) and 6.2 mmHg (p = 0.001), respectively [13],
and clarified tomato juice consumption decreased platelet
aggregation [14].

Many compounds found in F&V have high antioxidant
potential [15,16], which may reduce oxidative stress [17]. Pos-
sible mechanisms for their antioxidant activity include re-
ducing formation of reactive oxygen species (ROS) by inhi-
bition of enzymes or by chelation of pro-oxidant transition
metal ions; scavenging ROS; and regenerating antioxidant
defenses [18]. Oxidation of low-density lipoproteins (LDL) is
recognized as an early stage in atherosclerosis development,
leading to CVD. Many studies have reported the antioxidant
effects of phytochemicals in F&V, including the retardation
of the susceptibility of LDL to oxidation in vitro and in vivo
[19-22]. However, reviews of clinical trials investigating the
effects of F&V on chronic disease risk have indicated that the
beneficial effect is not necessarily attributable to antioxidant
compounds [16,23,24].

Polyphenols are one of the largest groups of phytochem-
icals and numerous F&V contain polyphenolic compounds
known as flavonoid [25,26]. Some flavonoids have been shown
to increase the activity of endothelial nitric oxide synthase
(eNOS) in animal and cell studies [27-31]. eNOS is responsi-
ble for the generation of the vasodilator nitric oxide (NO) in
the vascular endothelium [32]. Previous studies have looked at
the effects of flavonoid-rich F&V and beverages on measures
of vascular reactivity using flow-mediated dilation (FMD)
[31, 33] or laser Doppler imaging with iontophoresis (LDI)
[34,35] as methods to assess endothelial function in vivo in the
brachial artery and the peripheral microcirculation, respec-
tively. However, a meta-analysis of randomized controlled
trials investigating the effects of flavonoid-rich foods on CVD
risk found just 15 chronic and 14 acute intervention trials
measuring FMD [36]. In the acute trials, chocolate or cocoa
significantly increased FMD (3.99%, mean of six trials, 70—
177 mg epicatechin/day at 90-149 min). The LDI technique
has been used to assess the effects of dietary fats on vascular
function [37]. However, there have been few studies reported
using this method in conjunction with phytochemical-rich
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foods [34,35]. LDI allows vasoactive substances to be adminis-
tered noninvasively via chambers adhered to the surface of the
forearm facilitating simultaneous delivery of endothelium-
dependent (acetylcholine) and endothelium-independent va-
sodilators (sodium nitroprusside, a direct source of NO)
[38, 39]. This lack of studies highlights a need for further
research investigating the effects of dietary flavonoids on in
vivo measures of vascular function.

Acute studies with black tea or red wine show consider-
able heterogeneity in vascular response [36]. A potential rea-
son for this variability may be a common polymorphism in
the eNOS gene, where a modification in its coding sequence
occurs when guanine (G) is substituted for thymine (T) at po-
sition 894 in exon 7, resulting in the replacement of glutamic
acid for aspartic acid at codon 298 (Glu298Asp) [40]. Con-
sequently, individuals are identified as either homozygous
for guanine (GG, wild type), thymine (TT), or heterozygous
(GT). The frequency of the Asp298 allele is around 33% in
Caucasian populations [41]. Studies in healthy populations
show a genotype frequency of GG:GT:TT of 47.8:42.0:10.2%
in the United Kingdom [40]; 49.3:41.3:9.3% in Turkey [42];
and 54.6:39.2:6.2% in Brazil [43]. The Glu298Asp polymor-
phism has been associated with an increased risk of CVD
events due to effects on NO biosynthesis and subsequently
vascular reactivity [40,44—47]. However, several studies have
found no link between Glu298Asp and CVD in their study
populations [48,49]. Consequently, associations between this
polymorphism and CVD risk remain uncertain and warrant
further research [50].

The authors investigated the effects of acute consumption
of a flavonoid-rich F&V puree based drink (FVPD) in healthy
individuals aged between 30 and 70 years on vasodilation as
the primary outcome. Additionally, measures of plasma ni-
trate and nitrite as a surrogate marker of NO, antioxidant sta-
tus, and bioavailability of the phytochemicals present within
the FVPD were also studied [51]. Upon completion of the
study, the participants were retrospectively genotyped for the
Glu298Asp polymorphism, and the effect of genotype on their
vasodilatory response and antioxidant status are the focus of
this article.

2 Materials and methods
2.1 Study participants

A total of 24 individuals (20 males and 4 females), aged
30-70, completed the study. The participants were re-
cruited from the university and the local population. Par-
ticipants were selected if they met the inclusion criteria of:
BMI <30 and >20 kg/m?; blood pressure < 150/90 mmHg;
hemoglobin >125 g/L; no subjects on weight-reducing di-
ets or taking dietary supplements; not diagnosed with liver
disease or diabetes mellitus; no gall bladder problems or ab-
normalities of fat metabolism; not experienced a mycocardial
infarction; no regular vigorous exercise or excessive alcohol
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consumption. Blood was taken from all fasting study par-
ticipants, which was analyzed for glucose, lipid levels, liver
function status, and a measure of potential alcohol abuse.
Basic anthropometric measurements were also recorded. The
study was approved by the University of Reading Research
Ethics Committee, and each participant gave informed con-
sent before participating. Registration number for clinical
trials: ISRCTN36287115.

2.2 Study design

The study was a randomised, single-blind, controlled,
crossover acute dietary intervention study. The participants
followed a low flavonoid diet for 5 days prior to the study
days. On each study day, the fasted subjects consumed 400 mL
FVPD (apple, carrot, and strawberry flavor Vie shots, Unilever
Bestfoods, Germany) or a sugar-matched, fruit-flavored con-
trol. Blood samples were taken via a flexible cannula inserted
into the forearm at baseline and then after drink consump-
tion every 30 min for 4 h and every 60 min for a further 4 h.
Urine was collected at baseline and total excretion collected
after drink consumption at 120-min intervals for the 8 h of the
study day. LDI measurements were recorded at baseline and
at five 90-min intervals following drink consumption. The
other arm of the study was conducted after a 4-week washout.

2.3 Intervention drinks

Participants consumed 400 mL FVPD (Unilever Bestfoods) or
50 mL fruit-flavored cordial (Robinsons’ Lemon Barley Wa-
ter, Britvic Soft Drinks Ltd., Chelmsford, UK) matched for
sugar composition and diluted to 400 mL with low-nitrate
mineral water (The Buxton Mineral Water Co. Ltd, Buxton,
UK). FVPD was a preparation made from purees and con-
centrated juices, equivalent to 800 g F&V (apple, 56%; carrot,
29%; and strawberry, 8%). The nutrient content of the drinks
is shown in Table 1.

2.4 Total phenolic and polyphenol content of FVPD
and control

The total phenolic concentration of the intervention drinks
was determined using Folin—Ciocalteu reagent [52]. The
polyphenol content of the FVPD was determined by the
method of Garcia-Macias et al. [53].

2.5 FVPD antioxidant components

FVPD was extracted with acidified methanol [54]. Total phe-
nolic compounds were determined by the Folin—Ciocalteu
method [55], and anthocyanins were determined by the
pH differential method [56]. Antioxidant potential was mea-
sured with the Oxygen Radical Absorbance Capacity (ORAC)
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Table 1. Nutrient composition and antioxidant potential of fruit
and vegetable puree based drink (FVPD) and control

drink
FVPD Control
(per 100 mL) (per 100 mL)

Energy (kcal) 63 51
Protein (g) 1 0.1
Carbohydrate (g) 13.6 12.6
Of which sugar (g) 12.6 12.6
Fat (g) 0.5 -
Of which saturates (g) 0.1 -
Fiber (g) 1.5 -
Sodium (g) 0.03 -
Ascorbic acid (mg) 36 -
Total carotenoids (mg) 5.1 -
a-Carotene (mg) 1.5 -
B-Carotene (mg) 2.6 -
Nitrate/nitrite (mg) 0.19 -
Total phenolic 192 11

concentration (mg

GAE)
Epicatechin (mg) 114.2 -
Chlorogenic acid (mg) 7.8 -
Cyanidin (mg) 13.2 -
Pelargonidin-3- 9.3 -

glucoside (mg)
Pelargonidin (mg) 2.6 -
ORAC (uM TE) 6702 840

GAE, gallic acid equivalents; ORAC, oxygen radical absorbance
capacity; TE, trolox equivalents.

method [57]. The susceptibility of LDL to copper-catalyzed
oxidation was determined as the lag phase before oxidation
by monitoring the increase in conjugated dienes at 234 nm
[58]. FVPD extract containing 0.5 wM GAE (gallic acid equiv-
alents), determined by the Folin—Ciocalteu method, was in-
cubated with isolated LDL containing 100 pg protein.

2.6 Blood sample collection

Blood samples were collected into tubes containing either cit-
rate, EDTA, or heparin and kept on ice until centrifugation
(4°C, 3000 rpm). Aliquots of plasma and buffy coat were col-
lected into cryogenic vials and stored (—80°C). Blood samples
were centrifuged immediately after collection to minimize ox-
idative alterations to the sample. Analyses commenced after
the intervention study was complete and all samples for each
subject were analyzed blindly, within one batch to reduce
interbatch variation.

2.7 lIsolation of LDL

The method for LDL isolation was modified from Leigh-
Firbank et al. [59]. Plasma (2.5 mL) was adjusted to a den-
sity of 1.21 g/mL by adding KBr, mixed gently, transferred
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to 4.9 mL Beckman optiseal polyallomer centrifuge tube, and
overlaid with 1.006 g/mL solution (0.15 M NaCl and 297 uM
EDTA, pH 7.4). The tubes were ultracentrifuged (Beckman
Coulter Optima L-90K ultracentrifuge, 65.2 near vertical rotor
[NVT 65.2], 65 000 rpm, 50 min, 4°C). Further purification
was performed by adjusting the density of LDL to 1.15 g/mL
by adding 1.33 g/mL solution (2.62 M NacCl, 2.98 M KBr, and
297 uM EDTA, pH 7.4). The adjusted plasma was overlaid
with 1.063 g/mL solution in a centrifuge tube and ultracen-
trifuged (65 000 rpm, 3 h, 4°C) in order to remove albumin
and concentrate the LDL as an orange layer at the top of the
tube.

2.8 Measurement of conjugated dienes

LDL samples containing 100 pg protein were transferred by
pipette to quartz cuvettes (1-cm light path). Phosphate buffer
solution (PBS; no Ca/Mg) and CuSO, were added to the cu-
vette to achieve concentrations of LDL and CuSO, of 50 pg
protein/mL and 5 uM, respectively. The formation of conju-
gated dienes (breakdown products of lipid peroxidation) was
monitored at 234 nm, 37°C every 2 min for 3 h using a Perkin-
Elmer Lambda bio 20 UV/VIS Spectrometer (Waltham, MA,
USA) [58].

2.9 Plasma oxidative stability by FRAP

The ferric reducing antioxidant power (FRAP) of plasma was
determined using the method of Benzie and Strain [60],
adapted for use with 96-well microtiter plates [61]. A Genios
spectrophotometer (Tecan Dorset, UK) was used to measure
the absorbance at 593 nm. This is an accepted method to as-
sess the antioxidant potential of plasma by its ability to reduce
ferric to ferrous ions.

2.10 Laser Doppler imaging with iontophoresis

Measurements were conducted using a moorLDI2 laser
Doppler imager (Moor Instruments Ltd., Axminster, UK) as
previously described [51]. Acetylcholine chloride (2.5 mL, 1%
in 0.5% NaCl solution, Sigma Aldrich, Poole, Dorset, UK)
and sodium nitroprusside (2.5 mL, 1% in 0.5% NaCl solution,
Sigma Aldrich) were delivered via iontophoresis using ION6
chambers (Moor Instruments) placed on the forearm and
connected to a MIC2 iontophoresis controller (Moor Instru-
ments). Laser Doppler imager software (Moor Instruments)
controlled the current delivery and repeated scans were taken
giving a total charge of 8 mC. The microvascular response was
calculated from the area under the flux versus time curve.
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2.11 Analysis of Glu298Asp polymorphism

DNA isolated from the buffy coat layer from blood collected
in a 10-mL EDTA vacutainer was extracted using a Qiagen
DNA Blood Mini Kit (Qiagen Ltd., Crawley, UK). TagMan
PCR technology (7300 Instrument; Applied Biosystems, War-
rington, UK) and Assay-on-Demand SNP genotyping assays
(Applied Biosystems) were used to determine allelic discrim-
ination of the eNOS gene variants.

2.12 Total nitrate and nitrite

An ELISA kit (Active Motif, Rixensart, Belgium) based on
the Greiss reaction [62] was used to measure total nitrate and
nitrite in plasma, FVPD, and the control drink. Plasma nitrate
and nitrite was used as a surrogate marker of NO, as this is
labile and forms reactive species with short half-lives [63].

2.13 Plasma and urinary hippuric acid

Hippuric acid was measured in plasma and urine as a marker
of flavonoid absorption and metabolism, as it is a major
metabolite of several polyphenol compounds [64, 65]. The
hippuric acid concentration was determined by the extrac-
tion method of Mohsen et al. [66] and analyzed by HPLC
by adapting the methods of Felgines et al. and Kay et al.
(67, 68].

2.14 Statistical analyses

All statistical analyses were performed using SPSS 13.0
for Microsoft Windows. Data were checked for normality
(Shapiro-Wilk test, as n < 50). Data not normally distributed
were log transformed and reassessed. A repeated measure
ANOVA was used to identify significant treatment by geno-
type by time interactions. Bonferroni correction was used for
post-hoc analysis to reduce the likelihood of chance findings
from multiple comparisons. A value of p < 0.050 was used to
define significance and a 95% confidence interval. Only two
individuals had the TT genotype, so due to lack of power these
individuals were excluded from any statistical analysis. The
data presented in tables and graphs are displayed as mean
+ SEM, unless otherwise stated.

3 Results

3.1 Baseline characteristics of the participants

There were 11 GG (9 males, 2 females), 11 GT (10 males
and 1 female), and 2 TT (1 male and 1 female) individu-

als. For the purpose of analysis, due to the low numbers of
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Table 2. Baseline characteristics (SD) of subjects (n = 24) in acute
fruit and vegetable puree based drink (FVPD) consump-
tion study split by genotype of the Glu298Asp polymor-
phism in the eNOS gene

GG GT

(n=11) (n=11)
Males 9 10
Females 2 1
Age (years) 47 (11) 47 (10)
Systolic blood pressure (mmHg) 127 (12) 119 (12)
Diastolic blood pressure (mmHg) 79 (6) 77 (8)
Weight (kg) 78.5(13.4) 79.4(7.9)
Height (m) 1.8 (0.1) 1.8 (0.1)
BMI (kg/m?) 25.4 (3.4) 25.8 (3)
Total cholesterol (mmol/L) 5.4 (1.1) 5.1 (0.7)
Triacylglycerols (mmol/L) 1.5 (1.1) 1.3(0.8)
Glucose (mmol/L) 5(0.3) 5(0.3)
Total plasma nitrate and nitrite 38.8 (6.7) 40.6 (8)

(nmol/L)

Endothelium dependent 1035 (494) 950 (390)

vasodilatory response (AUC)

Endothelium dependent 645 (439) 574 (336)
vasodilatory response (IAUC)

Endothelium independent 999 (516) 956 (462)
vasodilatory response (AUC)

Endothelium independent 622 (491) 579 (383)

vasodilatory response (IAUC)

GG, subjects homozygous for guanine (G) at position 894 in the
eNOS gene coding for glutamic acid residue at position 298; GT,
subjects heterozygous for guanine (G) and thymine (T) at position
894 in the eNOS gene coding for glutamic acid (Glu) and aspartic
acid (Asp) residues at position 298, respectively; AUC, area under
the flux versus time curve; IAUC, incremental AUC.

participants who were homozygous for the T allele, these
two participants were excluded. The baseline characteristics
of the study population are shown in Table 2. There was no
significant difference between the groups.

3.2 Laser Doppler imaging results

The endothelium-dependent vasodilation responses to acute
ingestion of FVPD are shown in Fig. 1A and B for the GG
and GT genotypes, respectively. There was a significant time
by treatment by genotype interaction (p < 0.05). The GG
group had a higher vasodilatory response at all time points
following FVPD consumption. However, the GT group did
not respond. After post-hoc tests, it was observed that there
was a significantly higher endothelium-dependent vasodila-
tion after 180 min (p = 0.028) after the FVPD compared with
the control in the GG group. There was no significant effect of
acute FVPD consumption on the endothelium-independent
response induced by sodium nitroprusside (data not shown).
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Figure 1. Endothelium-dependent vasodilation response to
acetylcholine by GG (A) and GT (B) individuals of the Glu298Asp
polymorphism of the eNOS gene after acute ingestion of either
control (dotted line) or fruit and vegetable puree based drink
(FVPD, solid line) (n = 11 in each group). There was a significant
time by treatment effect in the GG group (p < 0.05). *Significant
effect between treatments after post-hoc tests. Results expressed
as percentage change from baseline (=SEM).

3.3 Total plasma nitrate and nitrite concentrations

Plasma nitrate and nitrite was measured as a surrogate
marker of NO. There was a significant time by treatment ef-
fect of FVPD regardless of genotype (p = 0.001, Fig. 2). There
was an increase in plasma nitrate/nitrite at most time points
following FVPD consumption in both genotype groups.

3.4 Plasma antioxidant capacity and LDL lag phase
time

Overall, there was a significant time by treatment by geno-
type interaction in LDL oxidation lag phase time (p = 0.002)
(Fig. 3). There was a significant difference in LDL oxidation
lag phase time between treatments after 60 min (p = 0.013,
Fig. 3A) in the GG group. A significant difference was also
observed in the FRAP value at the same time point (60 min)
in the GG group between treatments (p < 0.05, Fig. 4). There
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Figure 2. Total plasma nitrate and nitrite concentration (.M) of
GG (A) and GT (B) individuals of the GIlu298Asp polymorphism of
the eNOS gene after acute ingestion of either control or fruit and
vegetable puree based drink (FVPD) (n = 11 in each group). The
solid line represents the effect from FVPD consumption and the
dotted line represents the effect from the control. There was a sig-
nificant time by treatment effect for both genotypes (p = 0.001).
*Significant effect between treatments after post-hoc tests,
p < 0.05.

was no significant difference between treatments in LDL ox-
idation or FRAP value in the GT group.

3.5 Plasma and urinary hippuric acid concentrations

There was a near significant time by treatment by genotype
interaction of FVPD consumption on plasma hippuric acid
(p = 0.061, Fig. 5) and a significant time by treatment in-
teraction for urinary hippuric acid (p = 0.027, Fig. 6). After
post-hoc tests, it was observed that there was a significantly
higher concentration of hippuric acid in plasma following
FVPD compared with control consumption after 180, 300,
360, and 480 min for GG individuals (p = 0.042, p = 0.004,
p = 0.047, and p = 0.046, respectively) and after 360 and 480
min for GT individuals (p = 0.007 and p = 0.035, respec-
tively), and in urine following FVPD compared with control
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Figure 3. Low-density lipoproteins (LDL) oxidation (lag phase
time) of GG (A) and GT (B) individuals of the GIu298Asp polymor-
phism of the eNOS gene after acute ingestion of either control
or fruit and vegetable puree based drink (FVPD) (n = 11 in each
group). The solid line represents the effect from FVPD consump-
tion and the dotted line represents the effect from the control.
There was a significant time by treatment effect for the GG group
p = 0.013). *Significant effect between treatments after post-hoc
tests, p < 0.05.

at 360 min for the GG group (p = 0.038) and after 360 and 480
min for the GT group (p = 0.008 and p = 0.019, respectively).

4 Discussion

The present study is one of the first studies to investigate the
effect of an acute ingestion of flavonoid-rich drink on post-
prandial LDL oxidation and vasodilation and the first to deter-
mine the nutrient-gene interaction of the eNOS Glu298Asp
polymorphism. The genotype frequency of GG:GT:TT in the
current study was 46:46:8%, which is consistent with other
studies in the literature [40-43]. The major finding of the
study was that the vasodilatory response and the susceptibility
of LDL to oxidation were dependent on the eNOS Glu298Asp
polymorphism. These findings are consistent with other stud-
ies that observed associations with the Glu298Asp polymor-
phism and NO synthesis [69] and endothelial function [41].
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Figure 4. Ferric reducing antioxidant potential (FRAP) of plasma
from GG (A) and GT (B) individuals of the Glu298Asp polymor-
phism of the eNOS gene after acute ingestion of either control
or fruit and vegetable puree based drink (FVPD) (n = 11 in each
group). The solid line represents the effect from FVPD consump-
tion and the dotted line represents the effect from the control.
There was a significant time by treatment effect for the GG group
(p=0.010). *Significant effect between treatments after post-hoc
tests, p < 0.05.

Acute FVPD consumption resulted in a significant in-
crease in dilation of the microcirculation in the fore-
arm in response to the endothelium-dependent vasodila-
tor acetylcholine after 180 min in GG individuals alone
(p = 0.028). There was no effect of FVPD consumption
on endothelium-dependent vasodilation in the GT genotype
or on endothelium-independent vasodilation in response to
sodium nitroprusside in either genotype. These results are
consistent with previous research showing GG individuals
have a significantly higher endothelium-dependent vascu-
lar response to acetylcholine compared to GT, but no effect
of genotype on the endothelium-independent response to
sodium nitroprusside [70].

There was no significant effect of genotype on total plasma
nitrate/nitrite at baseline in the current study. This is con-
sistent with previous research [42] that found no effect of
Glu298Asp on serum NO concentration. The polymorphism
lies within a loop on the external surface of the enzyme and
does not make contact with the active site [71]. However, this
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Figure 5. Plasma hippuric acid concentration of GG (A) and GT
(B) individuals of the GIu298Asp polymorphism of the eNOS gene
after acute ingestion of either control or fruit and vegetable puree
based drink (FVPD) (n = 11 in each group). The solid line repre-
sents the effect from FVPD consumption and the dotted line rep-
resents the effect from the control. There was a significant time
by treatment effect for both genotypes (p = 0.001). *Significant
effect between treatments after post-hoc tests, p < 0.05.

does not necessarily suggest that any functional effect would
be independent of NO synthesis. The measurement of plasma
nitrate and nitrite was used in the current study as a surro-
gate marker for NO. However, this technique would not be
able to quantify S-nitrosothiols and other nitrosylated species,
which have been shown to increase following flavonoid-rich
food ingestion [72]. The FVPD contained (-)-epicatechin (457
mg/400 mL), which has previously been shown to increase
flow-mediated vasodilation in healthy individuals [31], which
was accredited to increasing eNOS activity by scavenging su-
peroxide. The largest increase in vasodilation in the GG in-
dividuals came around 6 h after FVPD consumption, which
may correspond to methylated flavonoid metabolites from
the small intestine [73]. These metabolites have been shown
to have an even greater ability to increase eNOS activity than
the parent molecules by inhibiting endothelial NADPH oxi-
dase thereby reducing superoxide production [74]. The sig-
nificant increase in plasma and urinary hippuric acid in
both genotypes confirms that components of the FVPD were
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Figure 6. Urinary hippuric acid concentration of GG (A) and GT
(B) individuals of the GIu298Asp polymorphism of the eNOS gene
after acute ingestion of either control or fruit and vegetable puree
based drink (FVPD) (n = 11 in each group). The solid line repre-
sents the effect from FVPD consumption and the dotted line rep-
resents the effect from the control. There was a significant time
by treatment effect in the GG group (P = 0.002). *Significant effect
between treatments after post-hoc tests, p < 0.05.

absorbed, as it is a metabolite of several polyphenol com-
pounds, including (-)-epicatechin [64,65]. The gut microflora
converts these compounds to valerolactone in the colon and
then to phenolic acids, which are absorbed and transported
to the liver via the portal vein. In the liver, phenolic acids
are converted to benzoic acid by beta-oxidation, which is
then conjugated with glycine to form N-benzoylglycine or
hippuric acid [64, 65, 75, 76]. The difference in the amount
of hippuric acid excreted between the genotypes may sug-
gest that GT individuals metabolized the (-)-epicatechin to
hippuric acid in preference to O-methylation, which could
explain the differential impact of the Glu298Asp genotype
on endothelial-dependent vasodilation after FVPD consump-
tion. It was therefore hypothesized that this may be due to
the GG individuals methylating the active components in the
FVPD to vasoactive metabolites, whereas the GT individuals
may be metabolizing them to nonvasoactive hippuric acid.
Unfortunately, the authors are unable to measure plasma
O-methylated epicatechin to confirm this hypothesis.

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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The interactions between components within the FVPD in
the current study and Glu298Asp genotype were comparable
to findings by other researchers. Leeson et al. compared FMD
between healthy individuals according to the Glu298Asp poly-
morphism [41]. In addition, the researchers examined inter-
actions with long-chain n-3 fatty acids, as an antiatherogenic
factor. They found that FMD was not related to genotype as
a whole or within gender groups. However, long-chain n-3
fatty acid levels were positively related to FMD in T carriers
(reg coeff = 0.023 mm/%, p = 0.04, r = 0.20), but not in those
who were homozygous for G (reg coeff =—-0.019 mm/%, p =
0.1).

The Glu298Asp polymorphism had an impact on oxida-
tive stability of plasma assessed by ex vivo copper-mediated
LDL oxidation after FVPD consumption. FVPD increased the
LDL lag phase time compared to control after 60 min in
GG individuals only (p = 0.013). Additionally, the lag phase
time for the GG group was longer after FVPD than control
for 4 h after consumption of the drink. Similar differences
were observed in the assessment of plasma oxidative sta-
bility by FRAP with the GG group exhibiting an increased
response following FVPD throughout the 8 h after consump-
tion, whereas GT individuals showed no difference between
treatments. No effect of the Glu298Asp polymorphism on
plasma ascorbic acid and uric acid was observed (data not
shown). The finding that acute FVPD ingestion increased
LDL lag phase time is consistent with previous studies that
found that lag phase time increased after acute consumption
of phytochemical-containing foods on copper-catalyzed LDL
oxidation. These include phenolic-rich foods: coffee at 30 and
60 min [77], red wine (containing 433 mg total phenolics)
at 1 and 2 h [78], and olive oil (containing 366 mg/kg) at 2
and 6 h post consumption [79]. However, the observation that
this response is also linked to genetic variation is extremely
novel.

FVPD contained a variety of compounds that could have
affected vasodilation or antioxidant status. The most abun-
dant were ascorbic acid (144 mg), carotenoids (20.4 mg), and
phenolics (768 mg) of which the major component was epi-
catechin (457 mg). However, there was no effect of genotype
on plasma ascorbic acid and carotenoids which were present
in substantially lower concentrations compared to phenolics
in the FVPD.

In conclusion, the current study suggests that acute con-
sumption of fruits and vegetables in the form of a puree-based
drink had a differential effect determined by the Glu298Asp
polymorphism in the eNOS gene of the subjects. A nutrient-
gene interaction was observed with the GG group showing
a significant increase in endothelium-dependent vasodilation
after 180 min, and increased lag phase time for ex vivo copper-
catalyzed LDL oxidation in plasma removed 60 min after con-
sumption of the FVPD drink compared to GT individuals.
The novelty of these findings suggests that further research
is required to investigate the effects of genotype on fruit and
vegetable consumption and endothelium-dependent vasodi-
lation and potential mechanisms of action.

www.mnf-journal.com



1022 T. W. George et al.

The authors acknowledge funding from the University of Read-
ing Research Endowment Trust Fund,; the Royal Thai Govern-
ment (Ministry of Science and Technology), Chiangmai Univer-
sity, Thailand; The Food Standards Agency, UK, and Unilever
Bestfoods (Germany). T. W. G. and J. A. L. prepared the
manuscript. T. W. G., J. A. L., and M. H. G. designed the study.
T. W. G. and C. N. conducted the study. T. W. G., S. W., and
C. N. performed the analysis. J. A. L. had primary responsibil-
ity for final content. All authors read and approved the final
manuscript. Preliminary findings from this study were presented
at a Postgraduate Symposium during the Summer Meeting of the
Nutrition Society 2008 [51].

Potential conflict of interest statement: J. A. L. sits on Govern-
ment Advisory committees that have some committee members
from Industry. She also has received research funding from GSK
and Jordans. M. H. G. has received research funding from GSK.
There are no other conflicts of interest.

5 References

[1] Hu, E B., Plant-based foods and prevention of cardiovascular
disease: an overview. Am. J. Clin. Nutr. 2003, 78, 544S5-551S.

Joshipura, K. J., Hu, E B., Manson, J. E., Stampfer, M. J. et al.,
The effect of fruit and vegetable intake on risk for coronary
heart disease. Ann. Intern. Med. 2001, 134, 1106-1114.

[2

[3] WHO, Diet, nutrition and the prevention of chronic diseases.
Report of a Joint WHO/FAO Expert Consultation. World
Health Organisation, Geneva 2003.

[4

Mann, J., Dietary carbohydrate: relationship to cardiovascu-
lar disease and disorders of carbohydrate metabolism. Eur.
J. Clin. Nutr. 2007, 61, S100-S111.

Chambers, J. C., McGregor, A., Jean-Marie, J., Obeid, O. A.
etal., Demonstration of rapid onset vascular endothelial dys-
function after hyperhomocysteinemia—an effect reversible
with vitamin C therapy. Circulation 1999, 99, 1156-1160.
Wilmink, H. W., Stroes, E. S. G., Erkelens, W. D., Gerritsen, W.
B. et al., Influence of folic acid on postprandial endothelial
dysfunction. Arterioscler. Thromb. Vasc. Biol. 2000, 20, 185-
188.

Stoclet, J.-C., Chataigneau, T., Ndiaye, M., Oak, M.-H. et al.,
Vascular protection by dietary polyphenols. Eur. J. Pharma-
col. 2004, 500, 299-313.

[5

[6

[7

[8

Suganuma, H., Inakuma, T, Protective effect of dietary
tomato against endothelial dysfunction in hypercholes-
terolemic mice. Biosci. Biotechnol. Biochem. 1999, 63, 78-82.

Aviram, M., Dornfeld, L., Rosenblat, M., Volkova, N. et al.,
Pomegranate juice consumption reduces oxidative stress,
atherogenic modifications to LDL, and platelet aggregation:
studies in humans and in atherosclerotic apolipoprotein E-
deficient mice. Am. J. Clin. Nutr. 2000, 71, 1062-1076.

[10] Kris-Etherton, P. M., Hecker, K. D., Bonanome, A., Coval, S. M.
et al., Bioactive compounds in foods: their role in the pre-
vention of cardiovascular disease and cancer. Am. J. Med.
2002, 7113, 71-88.

[9

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Mol. Nutr. Food Res. 2012, 56, 1014-1024

[11] May, J. M., How does ascorbic acid prevent endothelial dys-
function? Free Radic. Biol. Med. 2000, 28, 1421-1429.

[12] Ruxton, C.H.S., Gardner, E. J., Walker, D., Can pure fruit and
vegetable juices protect against cancer and cardiovascular
disease too? A review of the evidence. Int. J. Food Sci. Nutr.
20086, 57, 249-272.

[13] Park, Y. K., Kim, J. S., Kang, M. H., Concord grape juice sup-
plementation reduces blood pressure in Korean hyperten-
sive men: double-blind, placebo controlled intervention trial.
Biofactors 2004, 22, 145-147.

[14] Lazarus, S. A., Bowen, K., Garg, M. L., Tomato juice and
platelet aggregation in type 2 diabetes. J. Am. Med. Assoc.
2004, 292, 805-806.

[15] Cao, G. H., Booth, S. L., Sadowski, J. A., Prior, R. L., Increases
in human plasma antioxidant capacity after consumption of
controlled diets high in fruit and vegetables. Am. J. Clin.
Nutr. 1998, 68, 1081-1087.

[16] Kaur, C., Kapoor, H. C., Antioxidants in fruits and
vegetables—the millennium’s health. Int. J. Food Sci. Tech-
nol. 2001, 36, 703-725.

[17] Manach, C., Williamson, G., Morand, C., Scalbert, A. et al.,
Bioavailability and bioefficacy of polyphenols in humans. I.
Review of 97 bioavailability studies. Am. J. Clin. Nutr. 2005,
81, 230S-2428S.

[18] Hassimotto, N. M. A., Genovese, M. ., Lajolo, F M., Antioxi-
dant activity of dietary fruits, vegetables, and commercial
frozen fruit pulps. J. Agric. Food Chem. 2005, 53, 2928-
2935.

[19] Heinonen, M., Rein, D., Satue-Gracia, M. T., Huang, S. W.
et al., Effect of protein on the antioxidant activity of pheno-
lic compounds in a lecithin-liposome oxidation system. J.
Agric. Food Chem. 1998, 46, 917-922.

[20] Jeong, Y. J., Choi, Y. J., Kwon, H. M., Kang, S. W. et al.,
Differential inhibition of oxidized LDL-induced apoptosis in
human endothelial cells treated with different flavonoids. Br.
J. Nutr. 2005, 93, 581-591.

[21] Lapointe, A., Couillard, C., Lemieux, S., Effects of dietary
factors on oxidation of low-density lipoprotein particles. J.
Nutr. 2006, 17, 645-658.

[22] Safari, M. R., Sheikh, N., Effects of flavonoids on the suscep-
tibility of low-density lipoprotein to oxidative modification.
Prostaglandins Leukot. Essent. Fatty Acids 2003, 69, 73-77.

[23] Bruckdorfer, K. R., Antioxidants and CVD. Proc. Nutr. Soc.
2008, 67, 214-222.

[24] Hamer, M., Chida, Y., Intake of fruit, vegetables, and antiox-
idants and risk of type 2 diabetes: systematic review and
meta-analysis. J. Hypertens. 2007, 25, 2361-2369.

[25] Tomas-Barberen, F A., Clifford, M. N., Flavanones, chalcones
and dihydrochalcones—nature, occurrence and dietary bur-
den. J. Sci. Food Agric. 2000, 80, 1073-1080.

[26] Hollman, P. C. H., Arts, I. C. W., Flavonols, flavones and
flavanols—nature, occurrence and dietary burden. J. Sci.
Food Agric. 2000, 80, 1081-1093.

[27] de Nigris, F, Williams-Ignarro, S., Sica, V., Lerman, L. O. etal.,
Effects of a pomegranate fruit extract rich in punicalagin
on oxidation-sensitive genes and eNOS activity at sites of

www.mnf-journal.com



Mol. Nutr. Food Res. 2012, 56, 1014-1024

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

(401

perturbed shear stress and atherogenesis. Cardiovasc. Res.
2007, 73, 414-423.

Edirisinghe, |., Banaszewski, K., Cappozzo, J., McCarthy, D.
et al., Effect of black currant anthocyanins on the activation
of endothelial nitric oxide synthase (eNOS) in vitro in hu-
man endothelial cells. J. Agric. Food Chem. 2011, 59, 8616—
8624.

Elies, J., Cuinas, A., Garcia-Morales, V., Orallo, . et al., Trans-
resveratrol simultaneously increases cytoplasmic Ca(2+)
levels and nitric oxide release in human endothelial cells.
Mol. Nutr. Food Res. 2011, 55, 1237-1248.

Nicholson, S. K., Tucker, G. A., Brameld, J. M., Physiologi-
cal concentrations of dietary polyphenols regulate vascular
endothelial cell expression of genes important in cardiovas-
cular health. Br. J. Nutr. 2010, 103, 1398-1403.

Schroeter, H., Heiss, C., Balzer, J., Kleinbongard, P. et al., (-)-
Epicatechin mediates beneficial effects of flavanol-rich cocoa
on vascular function in humans. Proc. Nat. Acad. Sci. USA
2006, 703, 1024-1029.

Moncada, S., Higgs, A., Mechanisms of disease—the L-
arginine nitric-oxide pathway. N. Engl. J. Med. 1993, 329,
2002-2012.

Stein, J. H., Keevil, J. G., Wiebe, D. A., Aeschlimann, S. et al.,
Purple grape juice improves endothelial function and re-
duces the susceptibility of LDL cholesterol to oxidation in
patients with coronary artery disease. Circulation 1999, 100,
1050-1055.

Jin, Y., Alimbetov, D., George, T., Gordon, M. H. et al., A ran-
domised trial to investigate the effects of acute consumption
of a blackcurrant juice drink on markers of vascular reactivity
and bioavailability of anthocyanins in human subjects. Eur.
J. Clin. Nutr. 2011, 65, 849-856.

Vauzour, D., Houseman, E. J., George, . W., Corona, G. et al.,
Moderate champagne consumption promotes an acute im-
provement in acute endothelial-independent vascular func-
tion in healthy human volunteers. Br. J. Nutr. 2010, 103,
1168-1178.

Hooper, L., Kroon, P. A., Rimm, E. B., Cohn, J. S. et al.,
Flavonoids, flavonoid-rich foods, and cardiovascular risk: a
meta-analysis of randomized controlled trials. Am. J. Clin.
Nutr. 2008, 88, 38-50.

Armah, C. K., Jackson, K. G., Doman, l., James, L. et al.,
Fish oil fatty acids improve postprandial vascular reactivity
in healthy men. Clin. Sci. 2008, 114, 679-686.

Abbot, N. C., Ferrell, W. R., Lockhart, J. C., Lowe, J. G., Laser
Doppler perfusion imaging of skin blood flow using red and
near-infrared sources. J. Invest. Dermatol. 1996, 107, 882—
886.

Turner, J., Belch, J. J. F, Khan, F, Current concepts in as-
sessment of microvascular endothelial function using laser
Doppler imaging and iontophoresis. Trends Cardiovasc.
Med. 2008, 718, 109-116.

Hingorani, A. D., Liang, C. F, Fatibene, J., Lyon, A. et al.,
A common variant of the endothelial nitric oxide syn-
thase (Glu(298)-> Asp) is a major risk factor for coro-
nary artery disease in the UK. Circulation 1999, 100, 1515-
1520.

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

(50]

(51]

(52]

(53]

1023

Leeson, C. P. M., Hingorani, A. D., Mullen, M. J.,
Jeerooburkhan, N. et al., Glu298Asp endothelial nitric oxide
synthase gene polymorphism interacts with environmental
and dietary factors to influence endothelial function. Circ.
Res. 2002, 90, 1153-1158.

Afrasyap, L., Ozturk, G., NO level and endothelial NO syn-
thase gene polymorphism (Glu298Asp) in the patients with
coronary artery disease from the Turkish population. Acta
Bioch. Bioph. Sin. 2004, 36, 661-666.

Pereira, A. C., Sposito, A. C., Mota, G. F, Cunha, R. S. et al.,
Endothelial nitric oxide synthase gene variant modulates
the relationship between serum cholesterol levels and blood
pressure in the general population: new evidence for a di-
rect effect of lipids in arterial blood pressure. Atherosclerosis
2006, 184, 193-200.

Hibi, K., Ishigami, T., Tamura, K., Mizushima, S. et al., En-
dothelial nitric oxide synthase gene polymorphism and
acute myocardial infarction. Hypertension 1998, 32, 521-
526.

Miyamoto, VY., Saito, Y., Kajiyama, N., Shimazaki, Y. et al.,
Positive association of GIu298Asp polymorphism in the en-
dothelial nitric oxide synthase gene with essential hyperten-
sion. J. Hypertension. 1998, 16, S55-S55.

Shimasaki, Y., Yasue, H., Yoshimura, M., Nakayama, M. et al.,
Association of the missense Glu298Asp variant of the en-
dothelial nitric oxide synthase gene with myocardial infarc-
tion. J. Am. Coll. Cardiol. 1998, 31, 1506-1510.

Yoshimura, M., Yasue, H., Nakayama, M., Shimasaki, Y. et al.,
A missense Glu298Asp variant in the endothelial nitric ox-
ide synthase gene is associated with coronary spasm in the
Japanese. Hum. Genet. 1998, 103, 65-69.

Kim, I. J., Bae, J., Lim, S. W,, Cha, D. H. et al., Influence
of endothelial nitric oxide synthase gene polymorphisms (-
786T > C, 4adb, 894G > T) in Korean patients with coronary
artery disease. Thromb. Res. 2007, 119, 579-585.

Vasilakou, M., Votteas, V., Kasparian, C., Pantazopoulos, N.
et al., Lack of association between endothelial nitric oxide
synthase gene polymorphisms and risk of premature coro-
nary artery disease in the Greek population. Acta Cardiolog-
ica 2008, 63, 609-614.

Casas, J. P, Cavalleri, G. L., Bautista, L. E., Smeeth, L. et al.,
Endothelial nitric oxide synthase gene polymorphisms and
cardiovascular disease: a HUGE review. Am. J. Epidemiol.
2006, 764, 921-935.

George, T. W., Niwat, C., Waroonphan, S., Gordon, M. H.
et al., Effects of chronic and acute consumption of fruit- and
vegetable-puree-based drinks on vasodilation, risk factors
for CVD and the response as a result of the eNOS G298T
polymorphism. Proc. Nutr. Soc. 2009, 68, 148-161.

Singleton, V. L., Orthofer, R., Lamuela-Raventos, R. M., Oxi-
dants and Antioxidants, Pt A, Elsevier, San Diego, CA, 1999,
pp. 152-178.

Garcia-Macias, P, Ordidge, M., Vysini, E., Waroonphan, S.
et al., Changes in the flavonoid and phenolic acid contents
and antioxidant activity of red leaf lettuce (Lollo Rosso) due
to cultivation under plastic films varying in ultraviolet trans-
parency. J. Agric. Food Chem. 2007, 55, 10168-10172.

www.mnf-journal.com



1024

[54]

[65]

[56]

[57]

[58]

[59]

[60]

(611

[62]

[63]

[64]

[65]

[66]

[67]

T. W. George et al.

Markakis, P, Food Science and Technology: A Series of
Monographs: Anthocyanins as Food Colors. Academic
Press, London, 1982, XIII 263 p.

Singleton, V. L., Orthofer, R., Lamuela-Raventos, R. M., Anal-
ysis of total phenols and other oxidation substrates and an-
tioxidants by means of Folin-Ciocalteu reagent. 1999, 299,
152-178.

Giusti, M., Wrolstad, R. E., in: Wrolstad, R. E. (Ed.): Current
Protocols in Food Analytical Chemistry, Wiley: New York
2001, F1.2.1-F1.2.6.

Ou, B. X., Hampsch-Woodill, M., Prior, R. L., Development
and validation of an improved oxygen radical absorbance
capacity assay using fluorescein as the fluorescent probe. J.
Agric. Food Chem. 2001, 49, 4619-4626.

Esterbauer, H., Striegl, G., Puhl, H., Rotheneder, M., Con-
tinuous monitoring of in vitro oxidation of human low-
density lipoprotein. Free Rad. Res. Comm. 1989, 6, 67—
75.

Leigh-Firbank, E. C., Minihane, A. M., Leake, D. S., Wright, J.
W. et al., Eicosapentaenoic acid and docosahexaenoic acid
from fish oils: differential associations with lipid responses.
Br. J. Nutr. 2002, 87, 435-445.

Benzie, I. F F, Strain, J. J., Ferric reducing antioxidant power
assay: direct measure of total antioxidant activity of bio-
logical fluids and modified version for simultaneous mea-
surement of total antioxidant power and ascorbic acid con-
centration. Oxidants and Antioxidants, Pt A. 1999, 299, 15—
27.

Bub, A., Watzl, B., Abrahamse, L., Delincee, H. et al., Mod-
erate intervention with carotenoid-rich vegetable products
reduces lipid peroxidation in men. J. Nutr. 2000, 130, 2200-
2206.

Green, L. C., Wagner, D. A., Glogowski, J., Skipper, P. L.
et al., Analysis of nitrate, nitrite, and [N-15] labeled nitrate in
biological-fluids. Anal. Biochem. 1982, 126, 131-138.

Anggard, E., Nitric-oxide-mediator, murderer, and medicine.
Lancet 1994, 343, 1199-1206.

Olthof, M. R., Hollman, P. C. H., Buijsman, M., van
Amelsvoort, J. M. M. et al., Chlorogenic acid, quercetin-3-
rutinoside and black tea phenols are extensively metabolized
in humans. J. Nutr. 2003, 133, 1806-1814.

Rechner, A. R., Kuhnle, G., Bremner, P, Hubbard, G. P. et al.,
The metabolic fate of dietary polyphenols in humans. Free
Radic. Biol. Med. 2002, 33, 220-235.

Mohsen, M. A. E., Marks, J., Kuhnle, G., Moore, K. et al.,
Absorption, tissue distribution and excretion of pelargonidin
and its metabolites following oral administration to rats. Br.
J. Nutr. 2006, 95, 51-58.

Felgines, C., Talavera, S., Gonthier, M. P, Texier, O. et al.,
Strawberry anthocyanins are recovered in urine as glucuro-

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

[68]

[69]

[70]

(711

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

Mol. Nutr. Food Res. 2012, 56, 1014-1024

and sulfoconjugates in humans. J. Nutr. 2003, 133, 1296-
1301.

Kay, C. D., Mazza, G., Holub, B. J., Wang, J., Anthocyanin
metabolites in human urine and serum. Br. J. Nutr. 2004, 91,
933-942.

Tesauro, M., Thompson, W. C., Rogliani, P, Qi, L. et al., Intra-
cellular processing of endothelial nitric oxide synthase iso-
forms associated with differences in severity of cardiopul-
monary diseases: cleavage of proteins with aspartate vs.
glutamate at position 298. Proc. Natl. Acad. Sci. USA 2000,
97, 2832-2835.

Godfrey, V., Chan, S. L., Cassidy, A., Butler, R. et al., The
functional consequence of the Glu298Asp polymorphism of
the endothelial nitric oxide synthase gene in young healthy
volunteers. Cardiovasc. Drug Rev. 2007, 25, 280-288.

Hingorani, A. D., Polymorphisms in endothelial nitric ox-
ide synthase and atherogenesis—John French Lecture 2000.
Atherosclerosis 2001, 154, 521-527.

Bondonno, C. P, Yang, X., Croft, K. D., Considine, M. J. et al.,
Flavonoid-rich apples and nitrate-rich spinach augment ni-
tric oxide status and improve endothelial function in healthy
men and women: a randomized controlled trial. Free Rad.
Biol. Med. 2012, 52, 95-102.

Kuhnle, G., Spencer, J. P E., Schroeter, H., Shenoy, B.
et al., Epicatechin and catechin are O-methylated and glu-
curonidated in the small intestine. Biochem. Biophys. Res.
Commun. 2000, 277, 507-512.

Steffen, Y., Gruber, C., Schewe, T., Sies, H., Mono-O-
methylated flavanols and other flavonoids as inhibitors of
endothelial NADPH oxidase. Arch. Biochem. Biophys. 2008,
469, 209-219.

Mulder, T. P, Rietveld, A. G., van Amelsvoort, J. M., Con-
sumption of both black tea and green tea results in an in-
crease in the excretion of hippuric acid into urine. Am. J.
Clin. Nutr. 2005, 81, 256S-260S.

Rechner, A.R., Kuhnle, G., Hu, H. L., Roedig-Penman, A. et al.,
The metabolism of dietary polyphenols and the relevance to
circulating levels of conjugated metabolites. Free Rad. Res.
2002, 36, 1229-1241.

Natella, F, Nardini, M., Belelli, F, Scaccini, C., Coffee drink-
ing induces incorporation of phenolic acids into LDL and
increases the resistance of LDL to ex vivo oxidation in hu-
mans. Am. J. Clin. Nutr. 2007, 86, 604-609.

Miyagi, Y., Miwa, K., Inoue, H., Inhibition of human low-
density lipoprotein oxidation by flavonoids in red wine and
grape juice. Am. J. Cardiol. 1997, 80, 1627-1631.

Covas, M. I, de la Torre, K., Farre-Albaladejo, M., Kaikko-
nen, J. et al., Postprandial LDL phenolic content and LDL

oxidation are modulated by olive oil phenolic compounds in
humans. Free Rad. Biol. Med. 2006, 40, 608-616.

www.mnf-journal.com



