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Abstract

Background Inflammation has played a key role in the
causation of atherosclerosis. However, the effects of grape
seed extract (GSE) on the pro-inflammatory intracellular
signaling, enzyme activity, and inflammatory mediators of
endothelial cells have not been sufficiently studied, and less
information exists on the comparison between GSE and
vitamin C, a well-known antioxidant compound, on their
anti-inflammatory properties.

Purpose We investigated the effects of GSE and vitamin
C on the cell viability, oxidative stress, monocyte adhesion,
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the expression of nuclear factor-xB inhibitor (IxB), inter-
cellular adhesion molecule-1 (ICAM-1) and cyclooxygen-
ase-2 (COX-2), and the production of prostaglandin E, (PG
E,) in TNF-a-treated human umbilical vein endothelial
cells (HUVECsS).

Methods Cell viability was measured by MTT assay. The
adhesion of THP-1 to HUVECs was evaluated by cell adhe-
sion assay. The oxidized nucleoside 8-hydroxydeoxyguano-
sine (8-OHdG) (an indicator of oxidative damage to DNA),
ICAM-1, and PG E, were measured by ELISA. IxkB and
COX-2 expression were evaluated by western blot analysis.
Results TNF-o (10, 20, and 50 ng/mL), GSE (50 and
200 pg/mL), or vitamin C (100 M) did not affect cell
viability. GSE (50-100 pg/mL) attenuated TNF-a (20 ng/
mL)-induced 8-OHdG production, THP-1 adhesion, the
expression of IxkB degradation, ICAM-1 and COX-2, and
the production of PGE, in a dose-dependent manner.
Vitamin C (100 pM) also showed significant antioxidative
and anti-inflammatory effects.

Conclusions GSE effectively ameliorates TNF-o-induced
inflammatory status of HUVECs. The findings of the
present study suggest that consumption of GSE may be
beneficial to inflammatory atherosclerosis.

Keywords Inflammation - Grape seed extract - Adhesion -
Cyclooxygenase-2 - Prostaglandin E, - Endothelial cell

Introduction

Inflammatory process has been found to play a key role
in the causation of atherosclerosis, including initiation,
progression (atheroma formation), and plaque rupture [1, 2].
The formation of atherosclerosis starts with the adherence of
leukocytes to the vascular endothelial cells mediated by
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adhesion molecules, such as P-selectin, E-selectin, vascular
cell adhesion molecule-1 (VCAM-1), and intercellular
adhesion molecule-1 (ICAM-1). These molecules can be
expressed by endothelial cells upon proatherogenic stimuli,
including oxidized low-density lipoprotein, oxygen free
radicals, as well as pro-inflammatory cytokines secreted by
macrophages and T cells, such as tumor necrosis factor-o
(TNF-o), interleukin-1 (IL-1), and interleukin-6 (IL-6)
[3, 4]. Moreover, cytokines can activate pro-inflammatory
intracellular signaling, such as nuclear factor-kappa B (NF-
kB) [5, 6], and stimulate the expression of cyclooxygenase-2
(COX-2) and production of prostaglandin E, (PG E,), which
leads to further cell adhesion [7], increase in endothelial
permeability [8, 9], and instability of plaque [10].

Recently, clinical studies have demonstrated that sys-
temic markers of inflammation are strong predictors of
cardiovascular disease [2, 11, 12]. Vitamin C, which is a
well-known strong antioxidant and also has anti-inflam-
matory properties, has been widely used to improve ath-
erosclerosis [13, 14]. However, the results of the clinical
studies were disappointing [15]. In contrast, several epide-
miological studies have shown an inverse correlation
between the dietary consumption of flavonoids and mor-
tality from cardiovascular disease [16, 17]. Like vitamin C,
flavonoids play an important role in the scavenging of
oxygen free radicals and inhibition of inflammation [14].
Flavonoids, accounting for a major portion of polyphenols,
are present abundantly in fruits, vegetables, nuts, and seeds
and divided into six major subgroups: chalcones, flavonols,
flavanone, flavones, anthocyanidins, and isoflavonoids [18].
After emergence of French paradox [19], grape seed extract
(GSE), a popular commercial product that contains high
quantity of flavonoids, especially anthocyanidins, has
prompted the research interest in its effects on vascular
protection [14, 20]. However, the effects of GSE on the pro-
inflammatory intracellular signaling, enzyme activity, and
inflammatory mediators of human umbilical vein endothe-
lial cells (HUVECS) have not been sufficiently studied, and
less information exists on the comparison between GSE and
vitamin C on their anti-inflammatory properties.

In the present study, we investigated the effects of GSE
and vitamin C on the cell viability, oxidative stress,
monocyte adhesion, the expression of nuclear factor-«B
inhibitor (IkB), ICAM-1 and COX-2, and the production of
PGE, in TNF-a-treated HUVECs.

Methods
Cell culture of HUVECs

Human umbilical vein endothelial cells (HUVECs) were
cultured as previously described [21]. Cells were seeded at
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a density of 1 x 10° per 75-cm? flask in medium 199
(Gibco, Grand Island, New York, USA), supplemented
with 20 mM HEPES, 100 pg/mL endothelial cell growth
substance (Collaborative Research Inc, Waltham, MA),
and 20% fetal calf serum (Gibco, Grand Island, New
York, USA). The cultures were maintained at 37 °C with a
gas mixture of 5% CO, and 95% air. Subcultures were
performed with trypsin~-EDTA. All media were supple-
mented with 5 U/mL heparin, 100 IU/mL penicillin, and
0.1 mg/mL streptomycin. Medium was refreshed every
third day. The endothelial cells were identified by the
presence of factor VIII-related antigen (Histoset Kit, Im-
munolok, Carpinteria, CA, USA) and a typical “cobble-
stone” appearance. Endothelial cells of the third to fifth
passages in the actively growing condition were used for
experiments.

Cell culture of THP-1 cells

THP-1 monocytes (ATCC, Manassas, VA, USA) were
cultured in RPMI 1640 (Gibco, Grand Island, New York,
USA) containing 10% fetal bovine serum, 100 IU/mL
penicillin, 0.1 mg/mL streptomycin, and 2 mM L-gluta-
mine, pH 7.2. The cultures were maintained at 37 °C with a
gas mixture of 5% CO, and 95% air.

MTT assay for cell viability

Cell viability was measured by a quantitative colorimetric
assay using 3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyltet-
razolium bromide (MTT), which shows mitochondrial
activity of living cells. Cells in a 24-well plate were treated
with TNF-o (Sigma Chemical Co., St. Louis, MO, USA)
(10-20-50 ng/mL), GSE (Puritan’s Pride, Oakdale, NY,
USA) (50-200—400 pg/mL), or vitamin C (Sigma—Aldrich,
St. Louis, MO, USA) (100 uM) for 24 h and then incu-
bated with MTT for 4 h. The amount of MTT product was
then determined by measuring the absorbance at 590 nm
using an ELISA reader.

Cell adhesion assay

HUVECs were cultured in a 48-well plate containing M199
with 10% fetal bovine serum and treated with TNF-o«
(20 ng/mL) alone or in the presence of GSE (50-100 pg/
mL) or vitamin C (100 uM) for 6 h. THP-1 cells were
labeled with 2',7'-bis-(carboxyethyl)-5(6’)-carboxyfluores-
cein acetoxymethyl ester (BCECF/AM) (Sigma—Aldrich,
St. Louis, MO, USA) for 1 h and then seeded onto con-
fluent HUVECs. The number of adherent THP-1 cells was
measured by an ELISA reader with 485 nm excitation and
535 nm emission.
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ELISA for 8-OHdG, ICAM-1, and PGE,

In experiments, HUVECs were treated with TNF-«
(20 ng/mL) alone or in the presence of GSE (50-100 pg/
mL) or vitamin C (100 uM) for 6 h. Then supernatants
were collected for the detection of 8-OHdG (Cosmo Bio
Company LTD., Tokyo, Japan), ICAM-1 (Bender Med-
Systems Inc, Burlingame, CA, USA), and PGE, (NEOGEN
Corporation, Lexington, KY, USA) using ELISA according
to the manufacturers’ instructions.

Western blot analysis for IxB-« and COX-2

The IxB-o and COX-2 antibodies (Upstate Biotechnology,
Lake City, NY, USA) were used for analyses. HUVECs
were washed twice with ice-cold phosphate-buffered saline
and lysed in 200 pL of homogenization buffer (10 mM
Tris—HCI at pH 7.4, 2 mM EDTA, 1 mM EGTA, 50 mM
NaCl, 1% TritonR X-100, 50 mM NaF, 20 mM sodium
pyrophosphate, 1 mM sodium orthovanadate, and 1:100
v/v proteinase inhibitor cocktail) at 4 °C for 30 min. Cell
lysates were then ultracentrifuged at 12,000 g for 30 min at
4 °C, and the supernatants were used as the cell extracts.
The cell extracts were subjected to 12% SDS—polyacryl-
amide gel and then transferred to the polyvinylidene fluo-
ride (PVDF) membrane with a semi-dry blot apparatus
(Bio-Rad) at 3 mA/cm® of the gel in transfer buffer
(25 mM Tris at pH 8.3, 192 mM glycine, and 20% meth-
anol) at room temperature for 30 min. The free protein-
binding sites on the PVDF membrane were blocked by
incubation with 5% nonfat milk in Tris/Tween-buffered
saline (TTBS) (20 mM Tris at pH 7.4, 0.15 M NaCl, and
0.2% Tween-20) at 25 °C for 2 h. The membrane was

immunoblotted with 0.1 pg/mL primary antibody in TTBS
buffer containing 3% nonfat milk at 4 °C overnight and
then with secondary antibody conjugated with peroxidase
(1:1,000) at 25 °C for 1 h. Immunoblots were developed
using an enhanced chemiluminescence system. The lumi-
nescence was visualized on X-ray film.

Data analysis

Data were obtained from at least three separate experi-
ments and presented as mean = SEM. All statistical data
were obtained by analysis of variance followed by
Student’s ¢ test. A P value <0.05 was considered statisti-
cally significant.

Results
Effect of TNF-o, GSE, and vitamin C on cell viability

TNF-« (10, 20, and 50 ng/mL), GSE (50 and 200 pg/mL),
or vitamin C (100 uM) alone did not affect the cell
viability of HUVECs. GSE (400 pg/mL) alone reduced the
cell viability (Fig. 1).

Effect of GSE and vitamin C on 8-OHdG production

8-OHdG, a good indicator of ROS-induced DNA damage,
was employed to detect oxidative stress. The 8-OHdG
production in HUVECs was significantly increased by
TNF-o (20 ng/mL). The TNF-o-induced 8-OHdG produc-
tion was significantly reduced by GSE (50 pg/mL) and
vitamin C (100 uM) (Fig. 2).

Fig. 1 Effect of TNF-«, GSE,
and vitamin C on cell viability
in HUVECSs. TNF-x (10, 20, and __ 1201 .
50 ng/mL), GSE (50 and 3 E3

g o
200 pg/mL), and vitamin C S 100 - _} _I_
(100 M) did not affect the cell 5 o ‘I‘ I
viability. GSE (400 pg/mL) g
alone reduced the cell viability. O 80+
Cells were treated with TNF-o, §
GSE, or vitamin C for 24 h. The 3 60 -
cell viability was determined by = %
MTT assay as described in 'g
“Methods”. Data are 'S 40 4
mean £+ SEM (n = 4). %
*P < 0.05 vs. control O 5

0
TNF-o - 10 20 50 - - - - (ng/ml)
GSE - - - - 50 200 400 - (pg/mi)
Vit.C - - - - - - - 100 (pM)
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Fig. 2 Effect of GSE and 180

vitamin C on 8-OHdG *

production in HUVECs. The 160 - T

8-OHdG production in L

HUVECs was significantly 3 1401 #

increased by TNF-o ] T #

(20 ng/mL). The TNF-o- S 120 1 J.

induced 8-OHdG production o T I

was reduced by GSE o 1001 1 L

(50 pg/mL) and vitamin C X 20 4

(100 uM). Cells were treated U]

with TNF-o alone or in the 'IU 60 - T

presence of GSE or vitamin C o T

for 6 h. The measurement of 00 40 4

8-OHdG was performed by

ELISA as described in 20

“Methods”. Data are mean +

SEM (n = 4). *P < 0.05 vs. 0

control, *P < 0.05 vs. TNF-o TNF-o - - - + + + (20ng/ml)

(20 ng/mL) GSE - 50 - - 50 - (pg/ml)
Vit.C - - + - - 100 (pM)

Effect of GSE and vitamin C on THP-1 adhesion

TNF-a (20 ng/mL) significantly increased the adhesion of
THP-1 to HUVECs. The TNF-a-induced adhesion of THP-
1 to HUVECs was decreased by GSE (50 and 100 pg/mL)
in a dose-dependent manner. The inhibitory effect of
vitamin C (100 uM) on TNF-a-induced THP-1 adhesion to
HUVECs was also prominent (Fig. 3).

Effect of GSE and vitamin C on IxB expression

TNF-a (20 ng/mL) caused a significant decrease in IxkB
expression in HUVECs. GSE (50 and 100 pg/mL) showed
a dose-dependent manner in attenuating the degradation of
IxkB-o. The attenuating effect of vitamin C (100 uM) on

Fig. 3 Effect of GSE and
vitamin C on THP-1 adhesion to
HUVECs. TNF-a (20 ng/mL)
increased the adhesion of
THP-1 to HUVECs. The
TNF-a-induced THP-1 adhesion
was decreased by GSE in a
dose-dependent manner. Cells
were treated with TNF-a alone

g

150

8

or in the presence of GSE or
vitamin C for 6 h. The THP-1
adhesion was determined by cell
adhesion assay as described in
“Methods”. Data are

mean + SEM (n = 4).

*P < 0.05 vs. control,

#P < 0.05 vs TNF-o (20 ng/mL)

THP-1 adhesion (% of control)
(%4
o

TNF-«-induced IxB degradation was also prominent
(Fig. 4).

Effect of GSE and vitamin C on ICAM-1 expression

TNF-« (20 ng/mL) significantly increased ICAM-1
expression in HUVECs. The TNF-a-induced ICAM-1
expression was significantly reduced by GSE (50 pg/mL)
and vitamin C (100 uM) (Fig. 5).

Effect of GSE and vitamin C on COX-2 expression
TNF-a (20 ng/mL) caused a significant increase in COX-

2 expression in HUVECs. GSE (50 and 100 pg/mL)
showed a dose-dependent manner in inhibiting COX-2

M+

0
TNFo. - -
GSE -
vite - -
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50 100 - (ng/ml)
100 (pM)
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IKB

a-tubulin

TNF-. 5 . - .
GSE - 50 100 -

Vit.C - - - 100

Fig. 4 Effect of GSE and vitamin C on IxB expression in HUVECs.
a After treatment of TNF-o (20 ng/mL), the protein level of IxB
rapidly decreased. b The expression of IxB was decreased by TNF-«
(20 ng/mL) and increased by GSE (50 and 100 pg/mL) and vitamin C
(100 pM). GSE showed a dose-dependent manner in attenuating the

+ + +  + (20ng/ml)
- 50 100 - (ug/mi)
- - - 100 (pM)

TNF-o-induced degradation of IxB. Cells were treated with TNF-o
alone or in the presence of GSE or vitamin C for 6 h. Western blotting
to identify IxB was performed as described in “Methods”. The data
are from a representative experiment of three experiments with
similar results

Fig. 5 Effect of GSE and 200 -

vitamin C on ICAM-1 *

expression in HUVECs. TNF-« e #

(20 ng/mL) increased the #

expression of ICAM-1. The =°‘ 150 —E]

TNF-o-induced ICAM-1 s

expression was reduced by GSE g

(50 pg/mL) and vitamin C o —F— _z

(100 pM). Cells were treated S -

with TNF-o alone or in the X 100 1 -

presence of GSE or vitamin C :

for 6 h. The measurement of 2'

ICAM-1 was performed by <

ELISA as described in O 501

“Methods”. Data are

mean = SEM (n = 4).

*P < 0.05 vs. control,

#P < 0.05 vs. TNF-o 0

(20 ng/mL) TNF-o - - - + + + (20 ng/m[)
GSE - 50 - - 50 - (pg/ml)
Vit.C - - 100 - - 100 (}I.M)

expression. The inhibitory effect of vitamin C (100 uM)  Discussion

on TNF-o-induced COX-2 expression was also prominent
(Fig. 6).

Effect of GSE and vitamin C on PGE, production

TNF-o (20 ng/mL) significantly increased PGE, produc-
tion in HUVECs. The TNF-a-induced PGE, production
was significantly reduced by GSE (50 pg/mL) and vitamin
C (100 uM) (Fig. 7).

The cardinal findings of this study indicated that in
HUVECs, GSE (50-100 pg/mL), a complex mixture con-
taining mainly active ingredients of flavonoids, signifi-
cantly attenuated TNF-o-induced 8-OHdG production,
THP-1 adhesion, the expression of IxkB degradation,
ICAM-1 and COX-2, and the production of PGE,.
TNF-a, a potent cytokine that is predominantly pro-
duced by macrophages, has been reported to increase the
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coxy | — e - ———|

a-tubulin

TNF-c - - - -

GSE - 50
Vit.C - - -

Fig. 6 Effect of GSE and vitamin C on COX-2 expression
in HUVECs. The expression of COX-2 was increased by TNF-o
(20 ng/mL). GSE showed a dose-dependent manner in inhibiting
TNF-o-induced COX-2 expression. Cells were treated with TNF-o

100

+ + + + (20 ng/ml)
- 50 100 - (pg/ml)
. . - 100 (pM)

alone or in the presence of GSE or vitamin C for 6 h. Western blotting
to identify COX-2 was performed as described in “Methods”. The
data are from a representative experiment of three experiments with
similar results

Fig. 7 Effect of GSE and 180

vitamin C on PGE, production *

in HUVECs. TNF-« (20 ng/mL) 160 1 T

increased the production of - #

PGE,. The TNF-a-induced — 1401 —=— #

PGE, production was reduced o .

by GSE (50 pg/mL) and € 120 1 —F— ——

vitamin C (100 pM). Cells were S 100 T

treated with TNF-o alone or in ‘5 +

the presence of GSE or vitamin 804

C for 6 h. The measurement of ~

PGE, was performed by ELISA o 60

as described in “Methods”. g

Data are mean &= SEM (n = 4). 40 1

*P < 0.05 vs. control,

#P < 0.05 vs. TNF-u 20 4

(20 ng/mL) 0
TNF-o. - - - + + + (20ng/ml)
GSE - 50 - - 50 - (pg/mi)
vite - - 100 - - 100 (uM)

production of reactive oxygen species (ROS) such as
superoxide anion via NADPH oxidase in endothelial cells,
subsequently activating NF-xB to enter the nucleus and
induce pro-inflammatory gene expression [22]. Without
stimulation, NF-xB is present in the cytoplasm as an
inactive complex bound by IxB (an inhibitor of NF-xB); on
stimulation, phosphorylation and degradation of IxB occur,
and NF-xkB gets unmasked and translocated into the
nucleus [23]. 8-OHdG has been known as an indicator of
oxidative damage to DNA and thought to be related to
cellular apoptosis in HUVECs [24]. In the present study,
we also demonstrated that 8-OHdG could efficiently eval-
vate the status of oxidative stress in TNF-o-induced
inflammatory process of HUVECs. As to the inhibitory
effect of GSE on NF-xB activity, it has been demonstrated
in LLC-PK; tubule cells [25], but not yet in HUVECs.
Using IxB degradation as an indicator of NF-xB activation,
we found that the protein level of IxB rapidly degraded
after TNF-o treatment; the rapid decrease in IxB expres-
sion was similar to that observed in high glucose—induced
apoptosis in HUVECs [26].
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TNF-« is also thought to cause initiation of atheroscle-
rosis by up-regulating the expression of adhesion mole-
cules on the endothelial cell surface [22]. The leukocyte
adhesion includes rolling adhesion (mediated by selectins),
firm adhesion (facilitated by VCAM-1 and ICAM-1), and
then transmigration through endothelial cell junctions
(governed by platelet/endothelial cell adhesion molecule-
1), which prompts the progression of atherosclerosis to the
next stage [4]. ICAM-1 is much closer to the endothelial
junctions and thought to play a more important role than
VCAM-1 in transmigration [4]. The in vitro studies con-
ducted to evaluate the regulatory effects of GSE on adhe-
sion molecules were few [27, 28]. One study showed that
pretreatment with grape seed proanthocyanidin extract
decreased the adherence of Jurkat T cells to TNF-a-treated
HUVECs, down-regulated VCAM-1 expression but not
ICAM-1 expression [27]. Another study also revealed
selective inhibition of advanced glycation end products—
induced VCAM-1 by GSPE [28]. In contrast, GSE, being a
mixture of polyphenols in our study, effectively decreased
ICAM-1 expression. The exact mechanism of the different
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results between studies was not clear. The distinctive reg-
ulatory pathways of VCAM-1 and ICAM-1 expression
might contribute to part of the explanation [29, 30].

Previous study reported that COX-2 expression could be
induced in TNF-o-treated HUVECs via activation of p38
MAP kinase [7]. COX-2, via converting arachidonic acid to
prostanglandins (PGE, and PGI,;), may enhance cell
adhesion [7], increase endothelial cell permeability [9],
up-regulate monocyte-derived macrophages [31], and lead
to plaque rupture [10], although some COX-2 inhibitors
were reported to increase the risk of cardiovascular events
[32]. Flavonoids, such as kaempferol and quercetin,
inhibited COX-2 expression in cytokines-treated HUVECs
in a concentration-dependent manner at 5-50 uM [33]. In
our study, GSE also showed a dose-dependent effect on the
inhibition of COX-2 expression. We did not compare the
potency between different flavonoids; however, we pro-
vided the comparison results of GSE and vitamin C as a
reference for the readers.

Vitamin C is a well-known strong antioxidant and also
has anti-inflammatory properties. Although vitamin C
therapy failed to show cardiovascular benefits in most of
the clinical observational and prospective studies [15], its
role as one of the combination agents might be rational [34,
35]. The single concentration of vitamin C (100 uM)
chosen for reference in the present study, though above the
ranges of physiological concentrations (means around
30-40 pM) [21, 36], was based on the experience of our
previous study [37] and the study conducted by Rossig
et al. [38], which showed that the concentration of vitamin
C (100 uM) effectively inhibited TNF-a« (50 ng/mL)-
induced apoptosis in HUVECs.

Grape seeds, which consist of lipid, protein, carbohy-
drates, and 5-8% phenols by weight, contain two-thirds of
the extractable phenols of the grapes [18, 39]. The phenols
are essentially flavonoids, which are referred to as mono-
meric flavan-3-ols (molecular weight about 290) [40], with
polymerization in the range of 1-20 [41], consisting of
about 8% monomers, 70% oligomers (dimers to hepta-
mers), and 22% polymers (above heptamers) [42]. The
antioxidant effects of GSE have been extensively studied
[18]. In vitro studies showed that GSE reduced oxidized
low-density lipoprotein [43] and was an even more potent
scavenger of oxygen free radicals when compared with
vitamin C and vitamin E [44]. In animal studies, GSE
decreased free radical-induced lipid peroxidation in aged
rats [45] and attenuated the development of atherosclerosis
in cholesterol-fed rabbits [46]. In human studies, GSE
reduced postprandial antioxidant levels in smokers [47]
and improved flow-mediated dilatation in high-risk sub-
jects [48].

The GSE in our study was a mixture of polyphenols,
containing actually one portion of GSE and three portions

of citrus flavonoids from sweet oranges (Citrus sinensis),
the major component of which is hesperidin, a flavanone
glycoside with molecular weight about 610 [40]. This
commercial product has been analyzed and demonstrated
to contain flavonoids and condensed tannins [49]. Like
vitamin C (100 puM), the concentrations of GSE in this
study was also above the physiological range.

It has been reported that the physiological concentra-
tions of polyphenols are presumed not to exceed 10 uM
[14, 50-52]. Therefore, it has been questioned that the
physiological concentrations of polyphenols are too low for
antioxidative actions [53]. However, the polyphenols in
food could be turned into more active metabolites via
digestive and hepatic activity after the intestinal absorp-
tion. Therefore, the actual total plasma concentration of
polyphenols is thought to be substantially higher due to the
presence of metabolites, which are usually unable to be
detected by present measurements [51, 52].

An example of more powerful effects of active
metabolites was that the concentration of quercetin
metabolites (sulfate/glucuronide) (1 pM) had comparable
antioxidant and anti-apoptotic effects on high glucose—
treated HUVECsS in comparison with vitamin C (100 pM)
and quercetin (the aglycone) (10-50 pM) [37]. Another
example was that oral consumption of vitamin C (2 g/d)
and GSE (2 g/d) (1 g of polyphenols) could improve
flow-mediated vasodilatation in humans [48, 54].
According to these two human studies, taking into
account of the comparable power of vascular protection
between vitamin C and polyphenols, the estimated plasma
concentrations were 75 and 50 puM, respectively [14, 50].
Since the estimated plasma concentration of polyphenols
(50 uM) was thought about 10 times higher than the
parent polyphenols, it seemed that the active metabolites
significantly contribute to the vascular protection [14]. In
the present study, we were not able to indicate the exact
chemical compositions of GSE that contribute their bio-
logical effects. For quality control, further studies are
needed to identify the beneficial effects of its specific
components.

In conclusion, we demonstrate that GSE effectively
ameliorates TNF-c-induced inflammatory status of
HUVEG:s. The findings of the present study suggest that the
consumption of GSE may be beneficial to inflammatory
atherosclerosis.

Acknowledgments We are grateful to Mr. Shin-Pin Chou for his
technical assistance in this work. The authors also express their
sincere gratitude to the Center-of-Excellence (COE) Program on
Membrane Technology from the Ministry of Education (M.O.E),
R.O.C. The present study was supported by grants (PTH9707,
PTH9709, PTH9801, and PTH9803) from Taoyuan General Hospital,
Department of Health, Executive Yuan, Taiwan. There are no con-
flicts of interest in the submission of this manuscript.

@ Springer



Eur J Nutr

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Libby P (2006) Inflammation and cardiovascular disease mech-

anisms. Am J Clin Nutr 83:456S-460S

. Packard RR, Libby P (2008) Inflammation in atherosclerosis:

from vascular biology to biomarker discovery and risk prediction.
Clin Chem 54:24-38

. Bonomini F, Tengattini S, Fabiano A, Bianchi R, Rezzani R

(2008) Atherosclerosis and oxidative stress. Histol Histopathol
23:381-390

. Wittchen ES (2009) Endothelial signaling in paracellular and

transcellular leukocyte transmigration. Front Biosci 14:2522-
2545

. Kobashi C, Urakaze M, Kishida M, Kibayashi E, Kobayashi H,

Kihara S, Funahashi T, Takata M, Temaru R, Sato A, Yamazaki
K, Nakamura N, Kobayashi M (2005) Adiponectin inhibits
endothelial synthesis of interleukin-8. Circ Res 97:1245-1252

. Lombardi A, Cantini G, Piscitelli E, Gelmini S, Francalanci M,

Mello T, Ceni E, Varano G, Forti G, Rotondi M, Galli A, Serio
M, Luconi M (2008) A new mechanism involving ERK con-
tributes to rosiglitazone inhibition of tumor necrosis factor-alpha
and interferon-gamma inflammatory effects in human endothelial
cells. Arterioscler Thromb Vasc Biol 28:718-724

. Dormond O, Bezzi M, Mariotti A, Ruegg C (2002) Prostaglandin

E2 promotes integrin alpha Vbeta 3-dependent endothelial cell
adhesion, rac-activation, and spreading through cAMP/PKA-
dependent signaling. J Biol Chem 277:45838-45846

. Mark KS, Trickler WJ, Miller DW (2001) Tumor necrosis factor-

alpha induces cyclooxygenase-2 expression and prostaglandin
release in brain microvessel endothelial cells. J Pharmacol Exp
Ther 297:1051-1058

. Barbieri SS, Weksler BB (2007) Tobacco smoke cooperates with

interleukin-1lbeta to alter beta-catenin trafficking in vascular
endothelium resulting in increased permeability and induction of
cyclooxygenase-2 expression in vitro and in vivo. FASEB J
21:1831-1843

Cipollone F, Fazia ML, lezzi A, Cuccurullo C, De Cesare D,
Ucchino S, Spigonardo F, Marchetti A, Buttitta F, Paloscia L,
Mascellanti M, Cuccurullo F, Mezzetti A (2005) Association
between prostaglandin E receptor subtype EP4 overexpression
and unstable phenotype in atherosclerotic plaques in human.
Arterioscler Thromb Vasc Biol 25:1925-1931

Kinlay S, Egido J (2006) Inflammatory biomarkers in stable
atherosclerosis. Am J Cardiol 98:2P-8P

Wilson PW (2008) Evidence of systemic inflammation and esti-
mation of coronary artery disease risk: a population perspective.
Am J Med 121:S15-S20

Kaliora AC, Dedoussis GV, Schmidt H (2006) Dietary antioxi-
dants in preventing atherogenesis. Atherosclerosis 187:1-17
Ulrich-Merzenich G, Zeitler H, Vetter H, Kraft K (2009) Synergy
research: vitamins and secondary plant components in the
maintenance of the redox-homeostasis and in cell signaling.
Phytomedicine 16:2-16

Willcox BJ, Curb JD, Rodriguez BL (2008) Antioxidants in
cardiovascular health and disease: key lessons from epidemiol-
ogic studies. Am J Cardiol 101:75D-86D

Hertog MG, Feskens EJ, Hollman PC, Katan MB, Kromhout D
(1993) Dietary antioxidant flavonoids and risk of coronary heart
disease: the Zutphen Elderly Study. Lancet 342:1007-1011
Huxley RR, Neil HA (2003) The relation between dietary flavonol
intake and coronary heart disease mortality: a meta-analysis of
prospective cohort studies. Eur J Clin Nutr 57:904-908

Kar P, Laight D, Shaw KM, Cummings MH (2006) Flavonoid-
rich grape seed extracts: a new approach in high cardiovascular
risk patients? Int J Clin Pract 60:1484-1492

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Ferrieres J (2004) The French paradox: lessons for other coun-
tries. Heart 90:107-111

Garcia-Lafuente A, Guillamén E, Villares A, Rostagno MA,
Martinez JA (2009) Flavonoids as anti-inflammatory agents:
implications in cancer and cardiovascular disease. Inflamm Res
58:537-552

Chao CL, Hou YC, Chao PD, Weng CS, Ho FM (2009) The
antioxidant effects of quercetin metabolites on the prevention of
high glucose-induced apoptosis of human umbilical vein endo-
thelial cells. Br J Nutr 101:1165-1170

Zhang H, Park Y, Wu J, Chen X, Lee S, Yang J, Dellsperger KC,
Zhang C (2009) Role of TNF-alpha in vascular dysfunction. Clin
Sci (Lond) 116:219-230

Csiszar A, Wang M, Lakatta EG, Ungvari Z (2008) Inflammation
and endothelial dysfunction during aging: role of NF-kappaB.
J Appl Physiol 105:1333-1341

Quagliaro L, Piconi L, Assaloni R, Martinelli L, Motz E, Ceriello
A (2003) Intermittent high glucose enhances apoptosis related to
oxidative stress in human umbilical vein endothelial cells:
the role of protein kinase C and NAD(P)H-oxidase activation.
Diabetes 52:2795-2804

Yang Y, Yang Y, Xu Y, Lick SD, Awasthi YC, Boor PJ (2008)
Endothelial glutathione-S-transferase A4—4 protects against oxi-
dative stress and modulates iNOS expression through NF-kappaB
translocation. Toxicol Appl Pharmacol 230:187-196

Ho FM, Lin WW, Chen BC, Chao CM, Yang CR, Lin LY,
Lai CC, Liu SH, Liau CS (2006) High glucose-induced apoptosis
in human vascular endothelial cells is mediated through
NF-kappaB and c-Jun NH2-terminal kinase pathway and pre-
vented by PI3 K/Akt/eNOS pathway. Cell Signal 18:391-399
Sen CK, Bagchi D (2001) Regulation of inducible adhesion
molecule expression in human endothelial cells by grape seed
proanthocyanidin extract. Mol Cell Biochem 216:1-7

Zhang FL, Gao HQ, Wu JM, Ma YB, You BA, Li BY, Xuan JH
(2006) Selective inhibition by grape seed proanthocyanidin
extracts of cell adhesion molecule expression induced by
advanced glycation end products in endothelial cells. J Cardio-
vasc Pharmacol 48:47-53

Wolle J, Hill RR, Ferguson E, Devall LJ, Trivedi BK, Newton
RS, Saxena U (1996) Selective inhibition of tumor necrosis
factor-induced vascular cell adhesion molecule-1 gene expression
by a novel flavonoid. Lack of effect on transcription factor NF-
kappa B. Arterioscler Thromb Vasc Biol 16:1501-1508

Chen JW, Chen YH, Lin FY, Chen YL, Lin SJ (2003) Ginkgo
biloba extract inhibits tumor necrosis factor-alpha-induced reac-
tive oxygen species generation, transcription factor activation,
and cell adhesion molecule expression in human aortic endo-
thelial cells. Arterioscler Thromb Vasc Biol 23:1559-1566
Martinez-Gonzalez J, Badimon L (2007) Mechanisms underlying
the cardiovascular effects of COX-inhibition: benefits and risks.
Curr Pharm Des 13:2215-2227

Cipollone F, Cicolini G, Bucci M (2008) Cyclooxygenase and
prostaglandin synthases in atherosclerosis: recent insights and
future perspectives. Pharmacol Ther 118:161-180

Crespo I, Garcia-Mediavilla MV, Gutiérrez B, Sanchez-Campos
S, Tuiién MJ, Gonzalez-Gallego J (2008) A comparison of the
effects of kaempferol and quercetin on cytokine-induced pro-
inflammatory status of cultured human endothelial cells. Br J
Nutr 100:968-976

Tousoulis D, Antoniades C, Tentolouris C, Tsioufis C, Toutouza M,
Toutouzas P, Stefanadis C (2003) Effects of combined adminis-
tration of vitamins C and E on reactive hyperemia and inflammatory
process in chronic smokers. Atherosclerosis 170:261-267

Rizzo MR, Abbatecola AM, Barbieri M, Vietri MT, Cioffi M,
Grella R, Molinari A, Forsey R, Powell J, Paolisso G (2008)



Eur J Nutr

36.

37.

38.

39.

40.

41.

42.

43.

44.

Evidence for anti-inflammatory effects of combined administra-
tion of vitamin E and C in older persons with impaired fasting
glucose: impact on insulin action. J] Am Coll Nutr 27:505-511
Castilla P, Echarri R, Davalos A, Cerrato F, Ortega H, Teruel JL,
Lucas MF, Gomez-Coronado D, Ortufio J, Lasunciéon MA (2006)
Concentrated red grape juice exerts antioxidant, hypolipidemic,
and antiinflammatory effects in both hemodialysis patients and
healthy subjects. Am J Clin Nutr 84:252-262

Wynne H, Khan T, Avery P, Wood P, Ward A, Kamali F (2006)
Dietary related plasma vitamin C concentration has no effect on
anticoagulation response to warfarin. Thromb Res 118:501-504
Rossig L, Hoffmann J, Hugel B, Mallat Z, Haase A, Freyssinet
IJM, Tedgui A, Aicher A, Zeiher AM, Dimmeler S (2001) Vita-
min C inhibits endothelial cell apoptosis in congestive heart
failure. Circulation 104:2182-2187

Shi J, Yu J, Pohorly JE, Kakuda Y (2003) Polyphenolics in grape
seeds- biochemistry and functionality. ] Med Food 6:291-299
Ross JA, Kasum CM (2002) Dietary flavonoids: bioavailability,
metabolic effects, and safety. Annu Rev Nutr 22:19-34
Cheynier V (2005) Polyphenols in foods are more complex than
often thought. Am J Clin Nutr 81:223S-229S

Nair MP, Kandaswami C, Mahajan S, Nair HN, Chawda R,
Shanahan T, Schwartz SA (2002) Grape seed extract proantho-
cyanidins downregulate HIV-1 entry coreceptors, CCR2b, CCR3
and CCR5 gene expression by normal peripheral blood mono-
nuclear cells. Biol Res 35:421-431

Bagchi D, Sen CK, Ray SD, Das DK, Bagchi M, Preuss HG,
Vinson JA (2003) Molecular mechanisms of cardioprotection by
a novel grape seed proanthocyanidin extract. Mutat Res
523-524:87-97

Bagchi D, Garg A, Krohn RL, Bagchi M, Tran MX, Stohs SJ
(1997) Oxygen free radical scavenging abilities of vitamins C and
E, and a grape seed proanthocyanidin extract in vitro. Res
Commun Mol Pathol Pharmacol 95:179-189

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

Balu M, Sangeetha P, Haripriya D, Panneerselvam C (2005)
Rejuvenation of antioxidant system in central nervous system of
aged rats by grape seed extract. Neurosci Lett 383:295-300
Yamakoshi J, Kataoka S, Koga T, Ariga T (1999) Proanthocy-
anidin-rich extract from grape seeds attenuates the development
of aortic atherosclerosis in cholesterol-fed rabbits. Atherosclero-
sis 142:139-149

Natella F, Belelli F, Gentili V, Ursini F, Scaccini C (2002) Grape
seed proanthocyanidins prevent plasma postprandial oxidative
stress in humans. J Agric Food Chem 50:7720-7725

Clifton PM (2004) Effect of grape seed extract and quercetin on
cardiovascular and endothelial parameters in high-risk subjects.
J Biomed Biotechnol 2004:272-278

Hsu CP, Lin YH, Chou CC, Zhou SP, Hsu YC, Liu CL, Ku FM,
Chung YC (2009) Mechanisms of grape seed procyanidin-
induced apoptosis in colorectal carcinoma cells. Anticancer Res
29:283-290

Scalbert A, Williamson G (2000) Dietary intake and bioavail-
ability of polyphenols. J Nutr 130:2073S-2085S

Manach C, Williamson G, Morand C, Scalbert A, Remesy C
(2005) Bioavailability and bioefficacy of polyphenols in humans.
I. Review of 97 bioavailability studies. Am J Clin Nutr 81:230S-
2428

Williamson G, Manach C (2005) Bioavailability and bioefficacy
of polyphenols in humans. II. Review of 93 intervention studies.
Am J Clin Nutr 81:243S5-255S

Azzi A (2007) Molecular mechanism of alpha-tocopherol action.
Free Radic Biol Med 43:16-21

Antoniades C, Tousoulis D, Tountas C, Tentolouris C, Toutouza
M, Vasiliadou C, Tsioufis C, Toutouzas P, Stefanadis C (2004)
Vascular endothelium and inflammatory process, in patients with
combined Type 2 diabetes mellitus and coronary atherosclerosis:
the effects of vitamin C. Diabet Med 21:552-558

@ Springer



	Grape seed extract ameliorates tumor necrosis factor- alpha -induced inflammatory status of human umbilical vein endothelial cells
	Abstract
	Background
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Cell culture of HUVECs
	Cell culture of THP-1 cells
	MTT assay for cell viability
	Cell adhesion assay
	ELISA for 8-OHdG, ICAM-1, and PGE2
	Western blot analysis for I kappa B- alpha and COX-2
	Data analysis

	Results
	Effect of TNF- alpha , GSE, and vitamin C on cell viability
	Effect of GSE and vitamin C on 8-OHdG production
	Effect of GSE and vitamin C on THP-1 adhesion
	Effect of GSE and vitamin C on I kappa B expression
	Effect of GSE and vitamin C on ICAM-1 expression
	Effect of GSE and vitamin C on COX-2 expression
	Effect of GSE and vitamin C on PGE2 production

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


