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Abstract

This study was undertaken to determine whether grape seed extracts (GSE) that contain powerful vasodilator phenolic compounds lower
blood pressure in subjects with the metabolic syndrome. The subjects were randomized into 3 groups—(a) placebo, (b) 150 mg GSE per day,
and (c) 300 mg GSE per day—and treated for 4 weeks. Serum lipids and blood glucose were measured at the beginning of the study and at
the end. Blood pressure was recorded using an ambulatory monitoring device at the start of the treatment period and at the end. Both the
systolic and diastolic blood pressures were lowered after treatment with GSE as compared with placebo. There were no significant changes in
serum lipids or blood glucose values. These findings suggest that GSE could be used as a nutraceutical in a lifestyle modification program for
patients with the metabolic syndrome.
© 2009 Published by Elsevier Inc.
1. Introduction

There is evidence that a diet rich in vegetables and fruit
has a beneficial effect on blood pressure. This effect has
been attributed to the presence of phenolic compounds in
the plant products. These compounds have also been shown
to have vasodilator effects [1]. Of all the phenolic
compounds, those derived from grape seeds appear to
have received the most attention, possibly because of their
involvement with the French paradox [2]. These extracts
have also been shown to activate endothelial nitric oxide
synthase (eNOS) [1,3], up-regulate eNOS in cultured
endothelial cells [4], and cause an endothelium-dependent
relaxation (EDR) of blood vessels [3].

We have shown recently that an extract of grape seed
(Meganatural BP; Polyphenolics, Madera, CA) that is rich in
polyphenolic compounds causes an EDR that is mediated by
⁎ Corresponding author. TB 172 Division of cardiovascular medicine,
University of California, Davis, Davis, CA 95616. Tel.: +1 916 734 8407;
fax: +1 916 734 6474.

E-mail address: ctkappagoda@ucdavis.edu (T. Kappagoda).

0026-0495/$ – see front matter © 2009 Published by Elsevier Inc.
doi:10.1016/j.metabol.2009.05.030
activation of the Akt/PI3 kinase signaling pathway resulting
in phosphorylation of eNOS [3]. Abolition of the EDR by
removal of antioxidant activity from the extract by methyla-
tion of the OH groups supported the contention that
activation of eNOS is mediated through a redox-sensitive
mechanism [5].

These data suggested that this extract had the potential to
lower blood pressure in human subjects. Recent studies in a
spontaneously hypertensive rat had demonstrated that
polyphenols present in red wine lower blood pressure and
enhance nitric oxide bioactivity without up-regulating
eNOS [6]. The definition of the metabolic syndrome was
that adopted by the National Cholesterol Education
Program Adult Treatment Panel III [7]. It was diagnosed
when 3 of the following factors were present: abdominal
obesity, elevated serum triglycerides, low serum high-
density lipoprotein (HDL) concentration, hypertension, and
elevated blood glucose [8]. All these factors are associated
with impaired endothelial function resulting from the
combined effects of a decrease in systemic antioxidant
activity and an increase in reactive oxygen/nitrogen species
[9,10]. It has been shown that polyphenolics derived from
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Table 2
Initial and final blood pressures (in millimeters of mercury)

Placebo GSE (150 mg/d) GSE (300 mg/d)

Systolic Diastolic Systolic Diastolic Systolic Diastolic

Start 123 ± 4 74 ± 4 134 ± 5 83 ± 3 127 ± 4 78 ± 3
4 wk 121 ± 4 70 ± 4 123 ± 4 77 ± 2 116 ± 3 71 ± 3
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grapes increase the antioxidant levels and improve the
endothelial function [6,11]. Therefore, the investigation
reported here was undertaken to examine the effect of this
extract on blood pressure in subjects with the metabolic
syndrome as proof of this concept. The study was a
placebo-controlled double-blind trial.
n 9 9 9
Pa .2 .1 .003 .01 .007 .007
Power NS NS N0.8 0.8 b N0.8

a Comparisons between initial and final blood pressures.
b Signed rank test.
2. Materials and methods

The study was approved by the Institutional Review
Board of the University of California, Davis. The study was
conducted on a sample of 27 adults (age, 25-80 years) with
the metabolic syndrome [8]. The exclusion criteria were as
follows: smokers (abstinence for b1 year); clinical evidence
of coronary artery, pulmonary, gastrointestinal, or renal
disease; and consumption of prescription medications and
vitamin preparations.

After initial screening, the subjects were randomized into
3 groups to receive a placebo, 300 mg/d of grape seed extract
(GSE), or 150 mg of GSE (Meganatural BP). The phenol
content of this extract is 94%. A detailed analysis of the
extract is archived at a previous publication [3]. Before
starting treatment, they were fitted with an ambulatory blood
pressure measurement device that recorded the daytime
blood pressure at intervals of 1 hour over a 12-hour period
(Model SE-25S; Sein Electronics, Koyang, South Korea).
This system has been evaluated using a protocol approved by
the British Hypertension Society (www.tiba.medical.com).

The subjects were advised to maintain their usual level of
activity and diet. The latter was monitored by examining a 4-
day food diary that was completed at the start and at the end
of the study. After 4 weeks, a final 12-hour daytime
ambulatory blood pressure was recorded. Fasting blood
samples were collected for the following measurements at
the start of the study and at the end: hemoglobin, white cell
count with differential, serum lipids, chemistry panel
including a serum glucose, insulin, and oxidized low-density
lipoprotein (Ox-LDL). Additional samples were obtained
from 5 subjects in the placebo group and in the group that
received 300 mg/d for measurement of plasma catechin
concentrations. These samples were obtained immediately
before and 90 minutes after ingestion of a capsule.
Table 1
Baseline parameters in the 27 subjects

Parameters Placebo
group

150-mg/d
group

300-mg/d
group

Significance

Age (y) 46 ± 3 45 ± 3 47 ± 4 NS
Male/female 3/6 4/5 4/5 NS
Waist

circumference (in)
43 ± 1.8 44 ± 1.7 42 ± 1.8 NS

BMI (kg/m2) 36 ± 2.4 36 ± 1.4 37 ± 2.1 NS
Glucose (mg/dL) 98 ± 5.9 101 ± 11 105 ± 10 NS
Insulin (μU/L) 25 ± 4 26 ± 5 30 ± 4 NS
Ox-LDL (U/L) 58 ± 4 60 ± 6 62 ± 7 NS

NS indicates not significant; BMI, body mass index.
The Ox-LDL concentration in plasma was measured using
an mAb-4E6–based enzyme-linked immunosorbent assay
(Mercodia, Uppsala, Sweden). Plasma insulin concentrations
were measured using human-specific radioimmunoassay
(Millipore, Billerica, MA). The plasma catechin concentra-
tions were measured using a high-performance liquid
chromatography technique [12] (“Acknowledgment”).

2.1. Statistical analysis

The primary end points were the mean daytime systolic
and diastolic blood pressures. Secondary end points were
the changes in serum lipids and Ox-LDL. Baseline values in
the 3 groups were compared using a 1-way analysis of
variance (ANOVA). The changes in blood pressure in the
subjects in the 3 groups were also compared using a 1-way
ANOVA. A 2-way ANOVAwas used to compare the blood
pressures at the start of the study and at the end to
demonstrate a time effect.
3. Results

Twenty-seven subjects who met the criteria for the
metabolic syndrome were randomized. The baseline clinical
data are given in Table 1. There were no significant
differences in baseline parameters in the subjects assigned
to the 3 groups (ANOVA, P N .05).

At the end of 4 weeks, both systolic and diastolic blood
pressures decreased in the groups that received GSE,
whereas the group that received the placebo showed no
effect (2-way ANOVA, P b .05). The changes in blood
pressure in the 3 groups were also analyzed, and it was found
that the effect of the placebo was significantly different from
the effects of the 2 doses of GSE (ANOVA, P b .05). The
effects of 150- and 300-mg/d doses were similar. The
findings on blood pressure are summarized in Table 2 and
Fig. 1. There were no significant changes in heart rate in
the 3 groups.

There were no changes in the serum total, LDL, and HDL
cholesterol values in 3 groups (Table 3). We observed
decreased levels of Ox-LDL in the groups that consumed
150 and 300 mg/d of GSE, but these differences were not
significant compared with the placebo group. However, the
change in Ox-LDL appeared to be inversely related to the

http://www.tiba.medical.com


ig. 2. Change in Ox-LDL levels plotted against the baseline Ox-LDL levels
plasma. Administration of GSE appeared to reduce the concentration of
x-LDL in plasma in subjects with metabolic syndrome. This effect was
articularly evident in those who received 300 mg/d of GSE. There was a
gnificant positive correlation between the change in the concentration of
x-LDL and the baseline Ox-LDL levels (n = 9, P b .05).

Fig. 1. Changes in blood pressure after administration of GSE for 4 weeks.
Changes in systolic and diastolic blood pressure after 1 month of treatment.
⁎⁎Significantly different from corresponding placebo value (P b .01). Bars
represent mean changes in the blood pressure ± SEM.
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baseline (initial) concentration before starting treatment.
This relationship was statistically significant in the group
given 300 mg of GSE per day (P b .05) (Fig. 2).

The serum sodium, potassium, bicarbonate, creatinine,
and blood urea nitrogen were also measured and were
unchanged during the study. There were also no changes in
the complete blood counts.

In 5 subjects who received the placebo capsules, there
was no increase in total plasma catechin concentrations after
90 minutes (2.2 ± 3 vs 3.2 ± 3 ng/L, P = .7, paired t test). The
corresponding values in the subjects who received 300 mg of
the extract were 2.0 ± 4 and 22.0 ± 22.8 ng/L, respectively.
This increase was significant (P = .032, Whitney-Mann).
4. Discussion

The findings of this randomized controlled trial indicate
that GSE when administered at a dose of either 300 or
150 mg/d reduced both systolic and diastolic blood pressures
Table 3
Changes in serum lipids

Placebo

Initial levels After 1 mo In

Total cholesterol (mg/dL) 199 ± 12 197 ± 11 21
HDL cholesterol (mg/dL) 51 ± 2 49 ± 3 5
LDL cholesterol (mg/dL) 125 ± 10 124 ± 9 14
Triglycerides (mg/dL) 179 ± 21 183 ± 19 17
Ox-LDL (U/L) 58 ± 4 60 ± 4 6

There is no significant difference before and after GSE treatments.
F
in
O
p
si
O

in subjects with the metabolic syndrome as defined by the
National Cholesterol Education Program Adult Treatment
Panel III. All the blood pressures were obtained using
ambulatory devices over 12-hour periods as opposed to a
single clinic blood pressure measurement. These findings are
consistent with several related observations.

We have demonstrated previously that the GSE used in
the present study caused an EDR in the rabbit aorta [3]. It
was shown also that, in human umbilical vein endothelial
cells, eNOS was activated by GSE via the PI3 kinase/Akt
pathway [3]. Wallerath et al [4] observed that GSE up-
regulated eNOS in human umbilical vein endothelial cells.
Based on these findings, it is suggested that the lowering of
blood pressure in human subjects with metabolic syndrome
after administration of the GSE is mediated by an eNOS-
associated mechanism.

Grape seed extract used in the current study is known to
have high content of polyphenolic compounds (94%). It is
made up principally of catechin units and has an average
polymerization of 2.4. The other unusual feature of this
extract is the absence of terminal gallate units (see archived
information in Edirisinghe et al [3]). The present study has
150 mg/d 300 mg/d

itial levels After 1 mo Initial levels After 1 mo

6 ± 9 209 ± 10 194 ± 18 196 ± 15
1 ± 4 48 ± 4 44 ± 3 45 ± 3
7 ± 5 135 ± 10 126 ± 15 128 ± 14
6 ± 15 178 ± 15 178 ± 18 176 ± 15
0 ± 6 57 ± 7 62 ± 7 58 ± 8
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also shown that the extract is absorbed into the systemic
circulation. Previous studies undertaken in humans have not
shown a reduction in blood pressure. Some of these
discrepancies may in part be due to differences in the
composition of the extract [13].

The metabolic syndrome is an important public health
problem affecting Western societies. In the United States,
the prevalence of the condition is estimated to be 39%
[14]. It is an important risk factor for the development of
both coronary artery disease [15] and type 2 diabetes
mellitus [16]. One of the associated features of the
syndrome is the state of oxidative stress that is present
in these individuals. One manifestation of this state is the
increase in Ox-LDL in plasma that is a “precursor” to the
development of atherosclerosis [17,18]. We observed that
GSE at a dose of 300 mg/d reduced Ox-LDL, particularly
when the Ox-LDL concentrations were high. It is
suggested that this observation may point toward a
potential therapeutic benefit from the extract. The
observation in this article relating to blood pressure in
humans is consistent with recent observations in sponta-
neously hypertensive rats treated with red wine polyphe-
nols [6]. However, it was suggested that the mechanism
involved was an enhancement in the bioactivity of nitric
oxide through a reduction in oxidative stress.

In summary, the present study has demonstrated that an
extract of grape seed lowers blood pressure in subjects with
the metabolic syndrome. We have shown that the phenolic
compounds in the extract are absorbed and that its
antioxidant properties could reduce the concentration of
Ox-LDL in plasma.
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