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Abstract Pomegranate juice may improve cardiovascular
risk because of its content of antioxidant polyphenols. We
conducted a randomized placebo-controlled parallel study to
examine the effect of pomegranate juice on pulse wave veloc-
ity (PWV), blood pressure (BP) and plasma antioxidant status
(ferric reducing power; FRAP) in 51 healthy adults
(30-50 years). Participants consumed 330 ml/day of pome-
granate juice or control drink for four weeks. Measurements
were made at baseline and at four weeks. There was no effect
of the intervention on PWV (P=0.694) and plasma FRAP
(P=0.700). However, there was a significant fall in systolic
blood pressure (—3.14mmHg, P<0.001), diastolic blood pres-
sure (—2.33mmHg P<0.001) and mean arterial pressure
(—2.60mmHg, P<0.001). Change in weight was similar in
the two groups over the intervention period (P=0.379). The
fall in BP was not paralleled by changes in concentration of
serum angiotensin converting enzyme. We conclude that
pomegranate juice supplementation has benefits for BP in
the short term, but has no effect on PWV. The mechanism
for the effect is uncertain.
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Abbreviations
PWV  Pulse wave velocity
BP Blood pressure

SBP Systolic blood pressure
DBP  Diastolic blood pressure
MAP  Mean arterial pressure

NO Nitric oxide

ACE  Angiotensin converting enzyme
FRAP Ferric reducing power
BMI  Body mass index

SD Standard deviation

Introduction

Pomegranates are a rich source of bioactive compounds that
may have beneficial health effects [1]. Pomegranate juice is
claimed to have anti-atherosclerotic effects; rodent studies
show that supplementation increases antioxidant status,
reduces oxidative stress, limits atherogenic modification of
low density lipoprotein-cholesterol and diminishes the size of
atherosclerotic lesions [2, 3]. Supplementation studies in
humans have also shown decreased plasma lipid susceptibility
to oxidation [2], and reduced carotid intima-media thickness
[4]. However, statistical comparison with a control group was
lacking in these studies, and a more recent supplementation
study, which had a randomized placebo-controlled design,
showed no benefit for carotid intima-media thickness [5].
Pulse wave velocity (PWV) is a non-invasive marker of
arterial stiffness that has been shown to be a predictor of
future cardiovascular events [6, 7]. Arterial stiffness is deter-
mined by the structural properties of the arterial wall, blood
pressure (BP), and mediators released by the endothelium
such as nitric oxide (NO), which can alter smooth muscle tone
[8]. Several studies have found that short-term
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supplementation with dietary antioxidant micronutrients can
lower PWV [9, 10], but others have not supported this [11,
12].

Pomegranate juice is a particularly rich source of polyphe-
nolic antioxidant compounds, particularly hydrolyzable tan-
nins and anthocyanins [13, 14]. Pomegranate juice and
extracts of pomegranate can influence a number of processes
which would be expected to have beneficial effects on endo-
thelial function and by extrapolation arterial stiffness. In a
rodent study, pomegranate juice increased plasma nitrate and
nitrite levels and vascular expression of endothelium nitric
oxide synthase [3]. Pomegranate juice consumption has also
been shown to improve brachial artery flow-mediated dilation
in adolescent subjects with metabolic syndrome (as did grape
juice), but the study did not have an appropriate concurrent
control group [15]. Furthermore, in an uncontrolled study of
hypertensive patients, consumption of pomegranate juice for
two weeks inhibited serum angiotensin converting enzyme
(ACE) activity and moderately reduced systolic blood pres-
sure (SBP) [16]. Pharmacological inhibitors of ACE reduce
arterial stiffness passively via a reduction in blood pressure as
well as by promoting structural changes of the arterial wall
[17, 18].

This study aimed to determine whether a daily supple-
ment of pomegranate juice for four weeks compared to a
placebo drink influenced PWV and blood pressure in
healthy, young and middle-aged adults. The study also
examined the effects of supplementation on serum ACE
and antioxidant status.

Materials and Methods
Pomegranate Juice and Placebo Beverage

Pomegranate juice (Pomepure Punica granatum L., cv
Hicaz) was supplied by The Pure Juice Company Ltd.
(Twickenham, UK). The juice was manufactured by Goknur
Foods Import Export, Trading and Production Company,
Kayseri Nidge, Turkey. Whole pomegranates (cv Hicaz)
were washed, cut into quarters and juice was extracted by
an industrial centrifugal juice extractor. The juice was then
filtered and stored in large temperature controlled tanks,
before being flash pasteurized and bottled. The total phenol
content of the pomegranate juice was measured using the
Folin-Ciocalteu method and is expressed as gallic acid
equivalents [19]. The total antioxidant capacity of the juice
was determined by the ferric reducing power (FRAP) method
using a COBAS bioanalyzer [20]. The potassium content of
the juice was measured on a Beckman-Coulter DcX analyzer
(USA) using an ion selective electrode.

Placebo beverage was a commercial lemonade drink
(7UP). Lemonade was selected as the control drink because it
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was devoid of bioactive plant compounds, antioxidants or
vitamins, and contained only a trace amount of sodium. En-
ergy and carbohydrate content of the pomegranate juice and
lemonade were similar (167 kJ/100 ml and 10 g/100 ml,
respectively for the pomegranate juice and 192 kJ/100 ml
and 11.4 g/100 ml, respectively for the 7UP). Sucrose is the
carbohydrate present in 7UP manufactured in the UK.

Participants and Study Design Participants were healthy,
non-smoking volunteers aged 30 to 50 years, recruited
through University email distribution lists and posters and
through personal contacts. A total of 51 participants (35
female, 16 male) consented to take part in the study. Exclusion
criteria included taking medication for heart disease, hyper-
tension or diabetes, regular consumption of pomegranate juice
or pomegranates and use of antioxidant supplements. The
University of Sheffield Ethics Committee approved the study,
and all volunteers gave written informed consent. The study
was conducted between May 2007 and January 2008.

The study was a four-week parallel open-label intervention
of a daily supplement of pomegranate juice (330 ml/day)
versus a control drink of lemonade (330 ml/day; 7UP). Both
drinks were delivered weekly to participants; those consuming
the pomegranate juice were instructed to store the juice in their
refrigerators before consumption. Participants consumed
the drinks during the day, according to their preference.

Participants were stratified by gender and block random-
ized to treatment by an investigator who was not involved in
recruitment. The investigator responsible for recruitment was
unaware of which study arm the subject had been allocated to
until recruitment was complete. All participants were asked to
maintain their usual diet and exercise regimen throughout the
intervention. A daily tick-sheet of drink consumption was
completed by each subject in order to assess compliance.

Our primary outcome variable was change in PWV; our
secondary outcome variable was change in SBP and diastolic
blood pressure (DBP). Power calculations were based on a
10 % change in PWV. A sample size of 50 (25 per arm) was
calculated to detect a 10 % change in PWV with 80 % power
and an « value of 0.05, using variance estimates of PWV
(SD=106.0, n=57) from a then on-going study of PWV (un-
published data).

Measurements Participants attended the University of
Sheffield on two occasions for vascular measurements
and blood sampling. All measurements were taken in
the early morning after an overnight fast. On both
occasions, PWV, SBP, DBP and weight was measured
and a blood sample was taken. Height was also mea-
sured at the baseline visit. Measurements were taken
after a 15 min rest in the supine position to allow time
for BP, cardiac function and vasomotor tone to reach
resting levels.
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PWYV was measured in the supine position using a Nicolet
Vasoguard Microlight system (VIASYS Healthcare, USA)
[21]. Occlusion cuffs were placed around the upper arm and
thigh (just above the knee) and pulse volume waveforms were
recorded simultaneously until 10 complete waveforms were
captured. Transit time was determined by a computerized
algorithm that calculated the time delay between the foot of
each simultaneously recorded waveform at each site. Surface
distance between the two cuffs was measured and PWV was
calculated using the equation PWV = distance/time (m/s).
PWYV was calculated from five measurements.

BP and heart rate were measured in a supine position
using a semi-automated Accutorr Plus™ sphygmomanom-
eter (Datascope®, USA). Mean SBP, DBP and heart rate
were calculated from three measurements taken at 2.5 min
intervals. Mean arterial pressure (MAP) was calculated as
(2 DBP + SBP)/3. MAP has the advantage of being a
summary measure of SBP and DBP.

Height was measured using a wall-mounted stadiometer
(Seca, Germany) to the nearest cm. Weight was measured on
an electronic scale to the nearest 100 g (Seca, Germany).

A fasting venous blood sample was drawn into an 8 ml
lithium heparin tube and centrifuged at 2,000 g for 10 min at
4 °C to extract plasma. Antioxidant status was measured
immediately as FRAP using a COBAS bioanalyzer [18].
The intra- and inter-assay CV for FRAP were 0.8 % and
3.6 %, respectively. Whole blood was collected into a serum
separator tube and allowed to clot at room temperature for
30 min. Serum was separated by centrifugation at 2,000 g for
10 min at 4 °C and frozen at —80 °C until analysis. Serum
ACE was measured using a commercially available ELISA kit
from R&D Systems (Abingdon, UK). The intra-assay CV was
3.8 % and the inter-assay CV was 5.9 %.

Statistical Analysis The effect of group on post-intervention
measures used two-way ANOVA with sex as a random
factor with adjustment for baseline value [22]. All analyses
were conducted using SPSS version 16.0 (SPSS UK Ltd.,
Woking, UK).

Results

Analysis of the Juice The mean total phenol content of the
juice was 18.6 (SD 1.26) mmol/l (n=5). The mean FRAP
value of the juice was 45.51 (SD 0.18) mmol/l (»=3) and the
mean potassium content was 1,711 (SD 42.6) mg/l (n=3).

Baseline Characteristics of Participants, Retention and
Compliance At baseline there were no significant differ-
ences between the groups for age, height, weight, BMI,
MAP, SBP, DBP, FRAP and serum ACE (all P>0.05)
(Table 1).

Three participants failed to complete the study (one from
the control group and two from the pomegranate juice
group), giving a total of 24 per group (16 female and
8 male). The participant in the control group withdrew
because of a change in personal circumstances, whilst those
in the pomegranate group left because they had problems
consuming the juice. Compliance was good in both groups
(pomegranate and control groups reported drinking 96 %
and 93 % of their drinks, respectively).

Effect of the Intervention After the four-week intervention
period there was no significant effect of pomegranate juice
consumption on PWYV, heart rate or FRAP. However, com-
pared to the control group SBP and DBP fell significantly
(both P<0.001), as did MAP (P<0.001) (Table 1). Change
in weight was similar in the two groups over the interven-
tion period (P=0.379).

Discussion

The aim of this study was to investigate the chronic effects of
pomegranate juice consumption on markers of vascular
health. We were interested in the cumulative influence of
pomegranate juice, thus, measurements were carried out at
least 8 h after the last beverage consumption. Consumption of
pomegranate juice for a four-week period did not influence
PWYV. This was contrary to our hypothesis that ingestion of a
juice rich in polyphenolic antioxidant compounds would
reduce arterial stiffness. Oral supplementation with 500 mg
vitamin C for a four-week period has been shown to reduce
arterial stiffness in diabetic patients [9], and an eight-week
intervention using a combined oral dose of vitamin C and E
resulted in a fall in PWV in hypertensive patients [10]. In an
acute setting, vitamin C supplementation has been shown to
ameliorate smoking-induced increases in arterial stiffness
[23]. Also, a four-week intervention with cranberry juice,
which is rich in polyphenolic compounds, especially antho-
cyanins, reduced arterial stiffness in patients with coronary
artery disease [24]. In contrast, interventions in healthy vol-
unteers with dietary antioxidants and beverages rich in poly-
phenolic compounds have been less positive; arterial stiffness
did not respond to a seven-year intervention with a low-dose
cocktail of antioxidant micronutrients [25], whilst in an un-
controlled trial, vitamin C supplementation had no effect on
PWYV [12]. Similarly, studies of green tea have documented
no effect on arterial stiffness in healthy subjects [26, 27],
although clover isoflavone supplementation was associated
with a reduction in arterial stiffness in healthy normotensive
volunteers [28]. Our null results are in agreement with prac-
tically all of the studies of healthy volunteers.

In the current study pomegranate juice did not elicit an
increase in antioxidant status (plasma FRAP). The lack of
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Table 1 Change in outcome

variables in the pomegranate Baseline Final Mean P (Group)*
juice and control drink groups
over the four-week intervention Mean SEM Mean SEM Difference SEM
(values are means and standard
errors of the mean) Age (y)
Control 36.1 0.92
Pomegranate 39.0 1.24
BMI (kg/m?)
Control 24.99 1.06  25.07 1.06 0.08 0.05 0.387
Pomegranate 24.99 1.26 2498 1.25 —0.01 0.09
PWV (m/s)
Control 8.03 022 790 0.25 —0.13 0.19 0.694
Pomegranate 8.28 0.21 8.20 0.24 —-0.08 0.13
SBP (mmHg)
Control 111.72 2.12 112.10 1.81 0.38 1.38 <0.001
Pomegranate 115.26 2.46 112.13 2.45 -3.14 1.19
DBP (mmHg)
Control 69.68 1.60  69.99 1.44 0.31 0.76 <0.001
Pomegranate 72.15 1.70 69.82 1.62 -2.33 0.81
MAP (mmHg)
Control 83.69 1.65 84.02 1.46 0.33 0.82 <0.001
Pomegranate 86.52 1.89 83.92 1.79 —2.60 0.76
Heart rate (beats/min)
Control 63 1.64 64 1.92 0.86 1.59 0.827
Pomegranate 63 1.56 64 1.70 0.29 1.15
*ANCOVA n=24 for each treat- FRAP (ug/L)
ment group except where stated.
PWV pulse wave velocity; SBP Control 1078.21 44.15 1080.26  35.90 2.05 20.97 0.700
systolic blood pressure; DBP dia- Pomegranate 1071.60  43.77 1064.90  39.59 —6.16 30.09
stolic blood pressure; MAP mean ACE (ng/L)
arterial pressure; ACE angiotensin - Control (n=24) 141.8 11.07 13431 9.99 ~7.50 4.05 0.401
converting enzyme; FRAP ferric Pomegranate (n=22) 135.48 7.53 131.99 8.87 -3.49 4.39

reducing ability of plasma

effect on a plasma marker of total antioxidant activity indi-
cates that the high in vitro antioxidant potential of pome-
granate juice was not translated into biological activity in
vivo. However, the sensitivity of FRAP may not have been
sufficient to detect a small increment in antioxidant activity
and our fasting measurement may have missed an acute
change in antioxidant status. After consumption of pome-
granate juice, punicalagin (the main ellagitannin present)
undergoes hydrolysis in the gut producing the potent anti-
oxidant compound, ellagic acid [29]. The metabolism of
ellagic acid is rapid, with plasma concentrations peaking
1 h post consumption and clearance occurring within 5 h
[29]. Such transient changes in antioxidant status may be
insufficient to elicit a fall in PWV.

Some studies of pomegranate supplementation have
reported an increase in plasma total antioxidant status [2,
4, 30, 31]. These effects are difficult to align with the time
course of ellagic acid metabolism, since blood sampling in
these studies occurred when only colonic metabolites of
ellagic acid, which have low antioxidant activity, would be
present in plasma [13, 29].

@ Springer

Whilst pomegranate juice consumption failed to reduce
PWYV, a modest reduction (about 3 %) in MAP, SBP and
DBP was recorded. Other studies of pomegranate juice
consumption on BP are inconclusive. Summer et al. [32]
did not observe a hypotensive effect of a three-month
period of pomegranate juice supplementation in patients
with heart disease compared with a group supplemented
with a placebo beverage; however, the two groups were
not equally matched for concurrent treatment with anti-
hypertensive medication. In contrast, Aviram et al. [4]
reported that systolic BP fell by 12 % after a one-year
pomegranate juice intervention in patients with carotid
artery stenosis, many of whom were already taking anti-
hypertensive medication [4], although, there was no con-
trol comparison in the statistical analysis, Aviram &
Dornfeld [16] had previously reported a 5 % fall in
systolic BP in an uncontrolled study of hypertensive
patients supplemented with pomegranate juice. The hypo-
tensive effect was ascribed to an inhibition of serum ACE
activity. In contrast, in the present study pomegranate juice
had no effect on serum ACE concentration.
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Each bottle of pomegranate juice provided approximately
15 mmol of potassium and this may have contributed to its
modest hypotensive effect (2.6 mmHg for MAP, 3.1 mmHg
for SBP and 2.3 mmHg for DBP). In a meta-analysis of
randomized controlled trials of potassium supplementation
in normotensive subjects [33], the effect for systolic blood
pressure was 1.8 mmHg and for diastolic 2.0 mmHg with a
potassium dose greater than 60 mmol/day. However,
Naismith & Braschi [34] reported a greater reduction in BP
(67 mmHg for MAP) than this, with a lower dose of potas-
sium (24 mmol/day) in a six-week supplementation study of
normotensive volunteers. The supplement had greatest effect
in the last three weeks of the six-week supplementation period.
Studies of at least six weeks duration have been recommended
[34] to test the influence of potassium supplementation on
blood pressure. In our study, a more prolonged consumption
of pomegranate juice may have evoked a larger fall in BP.

The observed fall in BP, although modest, is greater than
the observed in studies of dietary sodium restriction in nor-
motensive individuals [35]. This systematic review [35]
reported that a reduction in dietary salt of 4.4 g/d (about half
of usual intake) fashioned a mean fall in SBP of 2.03 mmHg
with a corresponding decrease in DBP of 0.99 mmHg.

This study has several limitations. First, it would have
been useful to confirm compliance with the pomegranate
juice intervention using a biomarker of intake. However, the
bioavailability of the main polyphenol present in pomegran-
ate juice, punicalagin, is low and its metabolism is highly
variable [13, 29]. Second, we used FRAP to assess antiox-
idant status. The main determinants of FRAP activity are
uric acid and vitamin C, and the contribution of any puni-
calagin metabolites to overall FRAP activity is likely to be
minor [20]. Third, we did not assess dietary intake during
the intervention, therefore, it was not possible to rule the
observed decrease in blood pressure was caused by dietary
change in the group receiving pomegranate juice. However,
participants were instructed to maintain their habitual diet
throughout the study period. Fourth, the intervention period
of four weeks was short, thus, we cannot rule out the
possibility that a longer period of supplementation may have
exerted beneficial effects on arterial stiffness. Finally, we
did not profile the pomegranate juice to check for verify
adulteration, however, the total antioxidant capacity of the
juice and its content of phenolic compounds and potassium
were consistent with reported values for pomegranate
juice [36-38].

The current study has provided evidence that pomegranate
juice consumption lowers BP but does not influence PWV in
normotensive adults. The underlying mechanism for the effect
on BP is unclear. We found no effect on serum ACE, but there
is the possibility that the juice’s content of polyphenols and/or
potassium was responsible for the hypotensive effect. In a
meta-analysis of randomized controlled trials [39], chocolate,

which is a rich source of polyphenols, was shown to elicit a
fall in BP of similar magnitude to our study. The hypotensive
effects of potassium supplementation are also well recognized
[33]. Even when the supplementation period was short, the
effects observed on BP were highly significant and similar in
size to those achieved by dietary interventions of sodium and
potassium. Further studies are warranted to confirm that con-
sumption of pomegranate juice can reduce blood pressure.
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