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The health benefits of grapes, which contain polyphenols, are well documented. The anti-

oxidative and cardioprotective effects of a whole grape extract (WGE) were studied in a sin-

gle-centre, randomized, double-blind, placebo-controlled, 6-week pilot study conducted on

24 pre-hypertensive, overweight, and/or pre-diabetic subjects. Blood and urine biomarkers

of antioxidant status were assessed at the beginning and end of the study. WGE subjects

had significantly lower superoxide dismutase concentrations (P = 0.032) and total choles-

terol/HDL-C ratios (P = 0.037), and significantly higher HDL-C levels (P = 0.001) compared

to the placebo subjects after 6 weeks. The concentration of 8-isoprostane and oxidized

LDL decreased by 5% and 0.5%, respectively, for WGE subjects, but increased by 50% and

5%, respectively, for the placebo subjects. This is the first North American study to report

efficacy of WGE on antioxidant status and lipid profile.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Oxidative stress is associated with a variety of chronic degen-

erative diseases, including cancer, diabetes and cardiovascu-

lar diseases (Belli et al., 2005; Davi et al., 1997; Gopaul et al.,

1995). Free radicals, such as reactive oxygen species (ROS),
are produced from metabolic processes in the human body

or from exposure to ozone, X-rays, environmental and indus-

trial pollutants, and cigarette smoke (Dean, Fu, Stocker, &

Davies, 1997). Under normal physiological conditions, enzymes

such as superoxide dismutases, catalases, lactoperoxidases

and glutathione peroxidases act as antioxidants, protecting
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cells from ROS damage. An imbalance between ROS produc-

tion and the natural antioxidant system leads to a state of

oxidative stress (Rabovsky, Cuomo, & Eich, 2006).

Grape products made from grape seed, grape skin and

grape juice, including red wine, contain a wide variety of pow-

erful antioxidants in the form of polyphenols, which include

phenolic acids (e.g., gallic acid), resveratrol, proanthocyani-

dins and flavonoids such as anthocyanins, flavonols and

quercetin (Tsao, 2010). Grape skin, seeds and stems are

known to contain the highest concentration of polyphenols

(Sanchez-Moreno, Cao, Ou, & Prior, 2003). Several studies have

investigated the beneficial mechanisms of grape polyphenols

focusing on their antioxidant properties (Rho & Kim, 2006;

Stein, Keevil, Wiebe, Aeschlimann, & Folts, 1999; Zern et al.,

2005). Polyphenols prevent ROS damage by scavenging free

radicals, thereby reducing oxidative stress (Rice-Evans, Miller,

& Paganga, 1996).

Products of oxidative damage to macromolecules have

been identified in biological materials such as plasma, urine

and blood cells, and serve as biomarkers of oxidative damage.

When oxidative damage occurs in DNA, the resulting

products are usually eliminated by repair enzymes and can

be detected as nucleoside derivatives. Urinary 8-hydrox-

ydeoxyguanosine (8-OHdG) is one adduct of this reaction

and has been proposed as a sensitive biomarker of oxidative

DNA damage and repair (Loft, Fischer-Nielsen, Jeding,

Vistisen, & Poulsen, 1993; Shigenaga, Gimeno, & Ames,

1989). Measuring 8-OHdG in urine is a more accurate assess-

ment of oxidative stress in humans because of the lack of

artifact formation in urine, unlike in DNA. This results in a

more reproducible measurement (Kasai, 2002).

8-Isoprostane is a prostaglandin (PG)-F2-like compound

belonging to the F2 isoprostane class that is produced

in vivo by the free radical-catalyzed peroxidation of arachi-

donic acid (Longmire et al., 1994; Roberts & Morrow, 2000).

The amounts of 8-isoprostane in the plasma and urine are re-

garded as the best indices of lipid peroxidation and oxidative

stress currently available, and the concentration of 8-isopros-

tane in urine is associated with the urinary excretion concen-

tration of 8-OHdG (Harman et al., 2003). Sources of free

radicals that may contribute to isoprostane formation include

mitochondrial electron transport chain, oxidases, uncoupled

nitric oxide synthetase, and transition metal ion catalyzed

reactions (Morrow, 2005). Isoprostanes are bioactive and are

present in atherosclerotic lesions, with its formation increas-

ing in persons with coronary artery disease independent of

other risk factors (Schwedhelm et al., 2004). Therefore, a de-

crease in isoprostane production may attenuate risk of devel-

oping cardiovascular disease.

In vivo studies have demonstrated the antioxidant capabil-

ities of grapes. Whole grape, pomace, or juice has shown po-

sitive effects on antioxidant capacity in Sprague–Dawley rats

(Rho & Kim, 2006). Grape diets in rats promoted antioxidative

enzyme activities such as superoxide dismutase (SOD), cata-

lase, and glutathione peroxidase (Rho & Kim, 2006). SOD con-

verts superoxide anion into hydrogen peroxide (Turrens,

2003), which detoxifies into water either by glutathione perox-

idase or catalase. Excess superoxide anion reduces transition

metal ions such as ferric and cupric ions, the reduced forms

of which react with hydrogen peroxide to produce hydroxyl
radicals (Reddy, 2006). In vivo studies have also demonstrated

that flavonoids and resveratrol derived from grape limit low-

density lipoprotein (LDL) oxidation. Hypercholesterolaemic

mice had markedly less atherosclerosis than control animals

when consuming wine polyphenols for 6 weeks (Hayek et al.,

1997). Intake of a lyophilized grape preparation led to a reduc-

tion in cholesterol accumulation in guinea pigs (Zern, West, &

Fernandez, 2003). Clinically, urinary isoprostane concentra-

tions in pre- and postmenopausal women decreased when

on lyophilized grape powder for 4 weeks (Zern et al., 2005).

Other clinical studies have reported that red wine consump-

tion was associated with the reduction of urinary concentra-

tions of prostaglandin F2-a, a marker of lipid peroxidation

(Pignatelli et al., 2006). Clinical studies also have shown that

consumption of grape juice or polyphenols derived from

grapes produced a reduction in the susceptibility of LDL to

oxidation (Frankel, Waterhouse, & Kinsella, 1993; Stein

et al., 1999). A recent study showed that 2 weeks of

apple and grape juice consumption increased the plasma

total antioxidant capacity in healthy participants (Yuan

et al., 2011).

Interventions that improve cellular redox status may re-

duce health risks such as cardiovascular diseases, and are

thus interesting alternative avenues to pursue. This study

investigated the effect of a whole grape extract (WGE) versus

placebo on antioxidant status. WGE is derived from seed, skin

and pulp of the grape Vitis vinifera.

The primary objective of this study was to determine anti-

oxidant status prior to and after 6 weeks of supplementation

with WGE via total antioxidant capacity and SOD, 8-OHdG

and 8-isoprostane. The secondary objective was to assess

the effect of WGE on oxidized LDL, and lipid profiles.

2. Materials and methods

2.1. Subjects and study design

This was a 6-week single-centre, randomized, double-blind,

placebo-controlled pilot study with two treatment arms and

conducted in London, ON, Canada. This study was reviewed

by the Natural Health Products Directorate (NHPD), Health

Canada, Ottawa, ON and a research ethics board. Notice of

authorization was granted on January 23, 2012 by the NHPD

and ethics approval was received on January 31, 2012 from

Institutional Review Board Services, Aurora, ON. The study

was conducted in accordance with the ethical principles that

have their origins in the Declaration of Helsinki and its subse-

quent amendments. Recruitment and screening began in Feb-

ruary 2012 with the last subject exiting the study in April

2012. Written informed consent was obtained from each par-

ticipant at the screening visit prior to any study related

activities.

Twenty-six subjects, 18–65 years of age were enrolled in

the study. Fourteen participants (six males and eight females)

were randomized to the WGE treatment arm and 12 (six

males and six females) to the placebo arm. Participants were

included if they had pre-hypertension, defined as diastolic

blood pressure of 80–89 mmHg and systolic blood pressure

of 120–139 mmHg at screening, and/or BMI from 25.0 to

34.9 kg/m2 and/or pre-diabetes defined as a fasting blood
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glucose from 5.2 to 6.9 mmol/L. Participants who smoked

agreed to report smoking habits at each visit and did not plan

on changing their smoking habits during the study. Female,

participants were included if they were not of child bearing

potential or agreed to use a medically approved method of

birth control and had a negative urine pregnancy test. Exclu-

sion criteria included women who were pregnant, breastfeed-

ing, or planning to become pregnant during the course of the

trial; any clinically significant medical conditions including

cardiovascular disease, hypertension (systolic blood pressur-

e P 140 mmHg, diastolic blood pressure P 90 mmHg), diabe-

tes, liver or kidney disease; allergy or sensitivity to test

product ingredients; clinically significant abnormal laboratory

results at screening; any other condition which in the investi-

gator’s opinion might adversely affect the participant’s ability

to complete the study or its measures or which may pose sig-

nificant risk to the participant. Use of medication for the

treatment any of the following conditions: hypertension,

vasodilation, erectile dysfunction, weight loss, and hypercho-

lesterolaemia, use of anticoagulants and use of NHPs/dietary

supplements known to have significant antioxidant activity

were contraindicated for this study. The planned sample size

for this study was 26 subjects. A formal sample size calcula-

tion was not performed as this was a pilot study.

2.2. Intervention and randomization

At the baseline visit, current conditions, smoking status, con-

comitant therapies and inclusion/exclusion criteria were re-

viewed and physical examination (excluding breast, rectal/

vaginal examination) was performed. Each eligible partici-

pant was assigned a randomization code according to the or-

der of the randomization list. Two computer generated

randomization lists, one for each gender, were prepared with

participants randomized to product in blocks of two. Partici-

pants were stratified by their gender and smoking status.

Non-smokers were randomized starting at the top of the

respective randomization list and smokers were randomized

from the bottom of the respective randomization list. The

investigator was provided with one envelope for each ran-

domization number. These envelopes were sealed and con-

tained the identity of the test product corresponding to the

randomization number. These envelopes were to be opened

only in an emergency where it was necessary to unblind a

subject. This was not necessary during this study and all

envelopes remained sealed. Subjects were given bottles of

product; each bottle contained the name and batch number

of both products, differing only in randomization number,

in order to ensure maintenance of the blind. The test product

WGE capsules and placebo were identical in shape, colour and

size. Subjects, research staff and the investigator were

blinded to product allocation. Statistical analysis was con-

ducted on blinded data and the study was not unblinded until

all analyses were complete. Participants were instructed to

begin taking the study product the day following the baseline

visit (Day 1), with a dose regimen of one capsule a day at the

same time daily, with or without a meal, preferably right be-

fore bedtime, for 6 weeks. Paper diaries were provided to par-

ticipants for recording study product use. Compliance was
assessed by counting the returned capsules at each study

visit.

2.3. Polyphenol profile of whole grape extract

The whole grape extract (Ethical Naturals Inc., 1167 North Fair

Oaks Ave., Sunnyvale, CA) capsule was a gelatin capsule con-

taining 350 mg of whole grape extract (60–70% proathocyani-

dins, consisting of flavan-3-ol units [catechin, epicatechin

and epicatechin-3-O-gallate], characterized by C4–C8 or C4–

C6 linkage. Epicatechin is the major component in the ex-

tended chain. The simplest and most common procyanidins

are dimmers, primarily proanthocyanidins B1–B4, also known

as oligomeric proanthocyanidins (OPCs). 15–25% flavan-3-ols:

catechin (10–15%), epicatechin (0–2%), epigallocatechin (3–8%)

and epigallocatechin gallate (0–2%); 0–1% minor flavonoids:

quercetin, myricetin and kaempferol; 0–1% non-flavonoid

polyphenols: gallic acid (0–1%), ellagic acid, caffeic acid, chlor-

ogenic acid (0–1%), resveratrol (0–0.5%) and others (0–1%) and

microcrystalline cellulose as filler.

The placebo capsule was a gelatin capsule containing

microcrystalline cellulose and looked identical in size, shape

and colour to the product under investigation. The capsules

were provided to participants in polyethylene bottles and par-

ticipants instructed in detail about the dosing regimen.

2.4. Blood pressure, heart rate and weight measurements

At each visit (screening, baseline and week 6), seated resting

blood pressure, heart rate and weight were measured. Height

was measured at screening. Body weight was measured to the

nearest 0.1 kg and height measured to the nearest 0.1 cm on a

calibrated beam scale equipped with a stadiometer. Two

recordings of body weight were made at each visit and the

mean value was used. Systolic and diastolic blood pressure

was measured and heart rate determined from 3 measure-

ments obtained at least 1 min apart. Blood pressure was

checked in both arms at the first examination. If a consistent

interarm difference existed, the arm with the higher pressure

was used throughout the study. The arm selected for use at

the initial visit was documented and the same arm used for

the duration of the study. The same recording method and

equipment were used for each participant throughout the

study.

2.5. Laboratory analysis

At screening and week 6, fasting blood (12 h) samples were

collected from participants via venipuncture into ethylenedi-

aminetetraacetic acid (EDTA) tubes (Becton, Dickinson & com-

pany, Franklin Lakes, NJ, USA) and whole blood analyzed for

complete blood count. Serum was generated from blood col-

lected into SST tubes (Becton, Dickinson & company, Franklin

Lakes, NJ, USA) which were allowed to clot at room tempera-

ture for 30 min followed by centrifugation for 10 min at

3200 rpm (1763g), 25 �C. Serum was analyzed for electrolytes

(Na, K, Cl), fasting glucose, lipid profile (total cholesterol,

LDL-C, HDL-C, triacylglycerol), creatinine, estimated glomeru-

lar filtration rate (eGFR), aspartate aminotransferase (AST),
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alanine aminotransferase (ALT), gamma glutamyltransferase

(GGT) and bilirubin by LifeLabs (London, ON, Canada).

Fasting blood (12 h) samples were collected at baseline and

week 6 into SST tubes and serum generated for analysis of

SOD, total antioxidant capacity and oxidized LDL (oxLDL). Ser-

um was frozen at �40 �C until analyzed. oxLDL, SOD and total

antioxidant capacity were measured using commercially

available kits (oxidized low density lipoprotein ELISA, North-

west Life Science Specialties, LLC, Vancouver, WA, USA;

Superoxide Dismutase Assay Kit and Antioxidant Assay Kit,

Cayman Chemical, Ann Arbor, MI, USA).

Urine samples were collected at baseline and end of study

and analyzed for 8-OHdG, 8-isoprostane and creatinine. In or-

der to reduce the day-to-day variation in excretion of urinary

antioxidants, two first-morning void urine samples were col-

lected on the day before and the day of the study visits. These

two samples were pooled and analyzed. An aliquot was trans-

ferred into an amber tube and analyzed for urinary creatinine

by LifeLabs (London, ON, Canada). Additional aliquots were

made and frozen at �40 �C until analyzed for 8-OHdG and 8-

isoprostane. Analysis of 8-OHdG and 8-isoprostane were per-

formed using commercially available kits (Urinary 8-OHdG

ELISA and Urinary 8-Isoprostane Assay, Northwest Life Sci-

ence Specialties, LLC, Vancouver, WA, USA). Urinary concen-

trations of 8-isoprostane and 8-OHdG were calculated by

correcting for urinary creatinine.

2.6. Dietary compliance

Participants agreed to avoid antioxidant and polyphenol rich

foods and beverages for at least 1 week prior to baseline and

during the study. At screening, participants received a 3-day

food record and were instructed to complete it for any

two weekdays and one weekend day prior to the baseline vis-

it. At the baseline visit, the 3-day food records dispensed dur-

ing screening were returned for review to ensure that

participants avoided antioxidant and polyphenol rich foods

and beverages. At week 3, participants received a scheduled

phone call and were questioned about their dietary intake

to ensure they continued to avoid the prohibited foods and

beverages as instructed. Participants were also questioned

about their dietary intake at week 6 to ensure prohibited

foods were avoided during the study period.

2.7. Adverse events and changes in concomitant therapies

Participants were instructed to record changes in concomi-

tant therapies and any side effects/changes in diaries which

were provided to them at the baseline visit and reviewed at

week 6.

2.8. Statistical methods

Statistical analyses were performed using SAS software (ver-

sion 9.1; SAS Institute). The data are represented as

mean ± SD and the percentage difference from baseline to

week 6 was calculated for each participant and averaged for

a group mean. For efficacy and safety analyses, between-

group comparisons were made by ANCOVA adjusting for

baseline as a covariate. Between-group comparisons of the
within-group change in efficacy parameters were made using

an unpaired t-test. Within-group comparisons were made

using a t-test. For antioxidant analyses, data were first exam-

ined for normality. Where data were not normally distributed,

statistical comparison was made after appropriate transfor-

mation of the data. More specifically, for SOD, statistical com-

parisons were made using square root of the log of the log of

SOD and for urinary antioxidants, statistical comparisons

were made after log-transforming the data. Probability values

less than 0.05 were considered statistically significant.
3. Results

3.1. Participant disposition

A total of 41 participants were screened and 26 eligible par-

ticipants (12 males and 14 females) were randomized. Of

the 26 participants randomized, 25 participants completed

the study (Fig. 1). The proportion of participants withdraw-

ing from the study was not significant between groups. All

participants randomized to the study were included in the

analysis of safety. One participant randomized to placebo

was lost to follow up from the study and there was no post

baseline data available for analysis. One participant ran-

domized to WGE had ongoing rheumatoid arthritis. This

information was not provided by the participant at enroll-

ment and there was no evidence in the blood work at the

time to associate the participant with a disease. However,

subsequently, the participant revealed that she had ongoing

rheumatoid arthritis; therefore the participant was excluded

from the efficacy analysis. As such statistical comparisons

of efficacy analysis at week 6 were based on n = 24.

The mean age was 38 ± 12 years for the placebo group, and

46 ± 11 years for the WGE group (Table 1). A total of four par-

ticipants were hypertensive (3 in WGE and 1 in placebo), 15

participants were prediabetic (8 in WGE and 7 in placebo)

and 20 participants were of a BMI range between 25.0 and

34.9 kg/m2 (11 in WGE and 9 in placebo). Over 90% of the par-

ticipants were white and of Western-European origin. Treat-

ment compliance was high in this study and similar

between groups. Participants in both groups demonstrated a

mean compliance rate greater than 96%.

3.2. Antioxidant status

After 6 weeks of WGE or placebo supplementation, total

antioxidant capacity and SOD increased from baseline how-

ever, the increase was only significant (P < 0.001; P = 0.008

respectively) for the placebo group (Table 2). At week 6,

SOD concentrations were significantly (P = 0.032) higher for

participants on placebo compared to WGE participants (Ta-

ble 2). However, the difference from baseline to week 6 was

not significantly different between the two groups. The pla-

cebo group had a high standard deviation for SOD measure-

ment which was attributed to a high SOD value of one

subject during baseline and week 6. Participants on WGE

showed a decrease in serum oxLDL concentrations from

baseline to week 6 while participants on placebo showed

an increase in oxLDL concentrations from baseline to week



Week 0

N=26 (12 Male and 14 Female)
PARTICIPANTS RANDOMIZED

N=26
PASSED SCREENING

N=41
PATIENTS SCREENED

N=12 (6 Male and 6 Female)
Randomized to Placebo

N=15
SCREENING FAILURES
Reasons: 
Did not Meet Inclusion Criteria (N=3)
Met Exclusion Criteria (N=6)
Enrollment Closed (N=6)

Number of Participants Included in Analysis of Efficacy in Week 6: N=24
Number of Participants Included in the Analysis of Safety & Tolerability: N=26

Week 6

Participants Completing All Study 
Visits: N=11

N=14 (6 Male and 8 Female)
Randomized to whole grape extract
(WGE)

Participants Completing All Study 
Visits: N=14

N=0 Withdrawn
N=1 Withdrew
Reason: 
Lost to Follow Up 

N=1 excluded from efficacy due to a 
previously unstated exclusionary 
condition

N=0 excluded from efficacy

Fig. 1 – Illustration of the disposition of all participants screened and enrolled into the study.

Table 1 – Demographics and characteristics of all participants (n = 26) randomized at screening to whole grape extract
(WGE) or placebo.

WGE (n = 14) Placebo (n = 12) P Value

Age (years)a 46.1 ± 11.1 38.0 ± 12.3 0.09c

Genderb

Female 8 6 0.72d

Male 6 6

Ethnicityb

Not Hispanic or Latino 14 11 0.46 e

Hispanic or Latino 0 1

Raceb

Western European white 13 10 0.72e

Eastern European white 1 1

Other 0 1

Alcohol useb

None 1 3 0.59e

Occasional 9 6

Weekly 3 3

Daily 1 0

Smokerb

Yes 1 1 >0.99e

Ex-smoker 2 1

No 11 10

a Data are mean ± SD.
b Number of participants.
c Between-group statistical comparisons conducted using a t-test.
d Between-group statistical comparisons conducted using a Chi-square test.
e Between-group statistical comparisons conducted using a Fisher’s exact test.

684 J O U R N A L O F F U N C T I O N A L F O O D S 7 ( 2 0 1 4 ) 6 8 0 – 6 9 1



Table 2 – Plasma total antioxidant status, superoxide dismutase and oxidized LDL concentrations of participants at
baseline (week 0) and after 6 weeks of supplementation with whole grape extract (WGE) or placebo.

WGE (n = 13) Placebo (n = 12)a P Value

Mean ± SD P Value Mean ± SD P Value

Total antioxidant capacity (mmol/L)

Baseline (week 0) 1.73 ± 1.14 – 1.24 ± 0.80 – –

Week 6 2.20 ± 0.40 – 2.34 ± 0.53 – 0.67b

Difference from baseline to week 6 0.47 ± 1.32 0.22c 1.29 ± 0.67 <0.001c 0.07d

SOD (U/mL)

Baseline (week 0) 4.60 ± 0.76 – 5.24 ± 2.59 – –

Week 6 4.67 ± 0.77 – 6.90 ± 4.02 – 0.032b

Difference from baseline to week 6 0.07 ± 1.21 0.93e 1.59 ± 1.65 0.008e 0.09d

Oxidized LDL (U/L)

Baseline (week 0) 62.7 ± 17.7 – 55.0 ± 16.1 – –

Week 6 61.5 ± 17.2 – 52.9 ± 15.5 – 0.79b

Difference from baseline to week 6 �1.15 ± 12.7 0.75c 1.23 ± 16.2 0.81c 0.69d

SOD is superoxide dismutase; U is unit.
a n = 11 for week 6 and difference from baseline to week 6 assessments as one participant was lost to follow up subsequent to the baseline visit.
b Between group comparisons of log transformed data were made using ANCOVA.
c Within group comparisons were made using a t-test.
d Between group comparisons of log transformed data were made using a t-test.
e Within group comparisons of the square root of the log of the log of SOD were made using a t-test.
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6. There was an approximate 0.5% decrease and 5% in-

crease in oxLDL concentrations for participants on WGE

and the placebo, respectively. The oxLDL changes were

not statistically significant between groups or within groups

(Table 2).

The concentrations of 8-isoprostane from baseline to week

6 had an approximate 5% decrease for participants on WGE

and an approximately 50% increase for those on placebo. This

increase in urinary 8-isoprostane concentrations in the pla-

cebo group from baseline to week 6 was significant

(P = 0.034, Table 3). The difference in 8-isoprostane concentra-
Table 3 – Urinary 8-isoprostane, 8-hydroxydeoxyguanosine (8
baseline (week 0) and after 6 weeks of supplementation with

WGE (n = 13)

Mean ± SD P V

8-Isoprostane (pmol/mmol creatinine)

Baseline (week 0) 686 ± 403 –

Week 6 623 ± 319 –

Difference from baseline to week 6 �62.1 ± 370 0.55

8-OHdG (mmol/mol creatinine)

Baseline (week 0) 3.28 ± 2.70 –

Week 6 3.59 ± 2.41 –

Difference from baseline to week 6 0.32 ± 1.96 0.36

Urine creatinine (mmol/L)

Baseline (week 0) 10.7 ± 4.44 –

Week 6 10.0 ± 5.13 –

Difference from baseline to week 6 0.30 ± 3.90 0.86

8-OHdG is 8-hydroxydeoxyguanosine.
a n = 11 for week 6 and difference from baseline to week 6 assessments as
b Within group comparisons were made using a t-test.
c Between group comparisons of log transformed data were made using
d Between group comparisons of log transformed data were made using
tions from baseline to week 6 of participants on WGE com-

pared to those on placebo approached but did not reach

statistical significance (P = 0.06).

Urinary 8-OHdG concentrations from baseline to week 6

showed an increase of approximately 17% and 26% for partic-

ipants on WGE and placebo, respectively. The difference did

not reach statistical significance for either group. However,

the placebo group showed a trend towards significance

(P = 0.07, Table 3). There was no statistical difference for the

changes in urinary 8-OHdG concentrations from baseline to

week 6 between WGE group and the placebo group (Table 3).
-OHdG) and creatinine concentrations of participants at
whole grape extract (WGE) or placebo.

Placebo (n = 12)a P Value

alueb Mean ± SD P Valueb

536 ± 179 – –

722 ± 276 – 0.12c

197 ± 302 0.034 0.06d

2.58 ± 0.65 – –

3.34 ± 1.62 – 0.52c

0.73 ± 1.20 0.07 0.49d

13.4 ± 6.54 – –

10.9 ± 4.13 – 0.70c

�1.67 ± 5.03 0.41 0.47d

one participant was lost to follow up subsequent to the baseline visit.

ANCOVA.

a t-test.
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3.3. Lipid profile

There was no significant difference between WGE group and

the placebo group or within groups for total cholesterol,

LDL-C and triacylglycerol concentrations (Table 4). However,

the difference in HDL-C concentrations from screening to

week 6 showed an increasing trend for participants on WGE

(P = 0.08, Table 4). For participants on placebo, HDL-C concen-

trations from screening to week 6 dropped significantly

(P = 0.003, Table 4). This change in HDL-C concentrations from

screening to week 6 in WGE was significantly different than

the placebo group (P = 0.001, Table 4).

The total cholesterol to HDL-C ratio from screening to

week 6 decreased for participants on WGE and increased for

those on placebo. However, this change was only significant

for the placebo group (P = 0.019, Table 4). This change in total

cholesterol to HDL-C ratio from screening to week 6 in the

WGE group was significantly different from the placebo group

(P = 0.037, Table 4).

3.4. Safety

There were no statistically significant differences between

groups with respect to biometrics, vital signs, haematology

(complete blood count), liver function, kidney function and

electrolytes after 6 weeks of supplementation (Table 5).

A total of nine adverse events were reported during the

study by eight participants (31%). None of the adverse events

were classified as being related to the test product by the prin-
Table 4 – Lipid profile (total cholesterol, LDL-C, HDL-C, total ch
screening and after 6 weeks of supplementation with whole g

WGE (n = 13)

Mean ± SD P V

Total cholesterol (mmol/L)

Screening 4.94 ± 1.09 –

Week 6 5.10 ± 1.06 –

Difference from baseline to week 6 0.16 ± 0.57 0.35

LDL-C (mmol/L)

Screening 3.06 ± 0.83 –

Week 6 3.14 ± 0.83 –

Difference from baseline to week 6 0.09 ± 0.51

HDL-C (mmol/L)

Screening 1.32 ± 0.37 –

Week 6 1.39 ± 0.39 –

Difference from baseline to week 6 0.06 ± 0.12 0.08

Total cholesterol/HDL-C ratio

Screening 3.93 ± 1.05 –

Week 6 3.88 ± 1.00 –

Difference from baseline to week 6 �0.05 ± 0.41 0.64

Triacylglycerol (mmol/L)

Screening 1.23 ± 0.53 –

Week 6 1.24 ± 0.58 –

Difference from baseline to week 6 0.02 ± 0.32 0.85

a n = 11 for week 6 and difference from baseline to week 6 assessments as
b Within group comparisons were made using a t-test.
c Between group comparisons made using ANCOVA.
d Between group comparisons made using a t-test.
cipal investigator. There was no significant difference in the

number of participants reporting any adverse event between

treatment groups (P = 0.32). One serious unrelated adverse

event (shoulder dislocation) was reported.

4. Discussion

Numerous studies illustrate the ability of various forms of ex-

tracts from different parts of the grape to attenuate the ef-

fects of oxidative stress. Most of the clinical trials on grape

studied extracts from a single source, such as seeds, skin,

pulp, juice or wine. Wine and grape juice increased plasma

antioxidant capability, improved glycaemic control and im-

proved hepatic function values on diabetic North American

subjects (Banini, Boyd, Allen, Allen, & Sauls, 2006). Grape seed

extract decreased serum total cholesterol and LDL-C in Dutch

smokers (Weseler et al., 2011).

There are only a few reports on the effects of extracts ob-

tained from the whole fruit of the grape. A significant de-

crease in CVD risk markers was observed in a statin-treated,

Spanish population treated with resveratrol-enriched grape

extract (Tome-Carneiro et al., 2012). Others have reported on

the effects of grape skin and raisins in Japanese subjects

and found that oxLDL was significantly inhibited (Kamiyama

et al., 2009). The effects of raisins on overweight but other-

wise healthy, North American subjects showed that antioxi-

dant capacity was modestly improved (Rankin, Andreae,

Oliver Chen & O’Keefe, 2008). There are no other studies to

date on the effects of WGE in North American populations
olesterol/HDL-C ratio and triacylglycerol) of participants at
rape extract (WGE) or placebo.

Placebo (n = 12)a P Value

alueb Mean ± SD P Valueb

4.67 ± 0.50 – –

4.60 ± 0.75 – 0.39c

0.00 ± 0.47 0.98 0.47d

2.74 ± 0.60 – –

2.72 ± 0.70 – 0.80c

0.08 ± 0.37 0.503 0.97d

1.42 ± 0.29 – –

1.34 ± 0.29 – 0.001c

�0.12 ± 0.10 0.003 0.001d

3.43 ± 0.86 – –

3.55 ± 0.82 – 0.09c

0.29 ± 0.34 0.019 0.037d

1.12 ± 0.35 – –

1.18 ± 0.48 – 0.92c

0.08 ± 0.61 0.74d

one participant was lost to follow up subsequent to the baseline visit.



Table 5 – Clinical chemistry parameters of subjects at screening and after 6 weeks of supplementation with whole grape
extract (WGE) or placebo.

WGE (n = 14) Mean ± SD Placebo (n = 12)a Mean ± SD P Value

Sodium (mmol/L)

Screening 142.21 ± 1.31 142.42 ± 1.73 –

Week 6 142.00 ± 1.47 143.27 ± 2.76 0.229

Potassium (mmol/L)

Screening 4.65 ± 0.41 4.76 ± 0.41 –

Week 6 4.61 ± 0.37 4.69 ± 0.41 0.808

Chloride (mmol/L)

Screening 107.21 ± 2.19 106.83 ± 2.37 –

Week 6 107.21 ± 1.19 107.45 ± 1.63 0.561

Glucose (mmol/L)

Screening 5.10 ± 0.48 5.33 ± 0.46 –

Week 6 5.22 ± 0.47 5.41 ± 0.56 0.370

Creatinine (lmol/L)

Screening 64.86 ± 12.27 70.33 ± 14.47 –

Week 6 67.07 ± 13.25 71.36 ± 15.15 0.618

eGFR (mL/min/1.73 m2)

Screening 99.71 ± 13.25 95.50 ± 16.25 –

Week 6 96.57 ± 14.29 94.45 ± 12.87 0.480

AST (U/L)

Screening 23.21 ± 5.16 23.42 ± 4.38 –

Week 6 24.14 ± 6.87 20.91 ± 3.33 0.156

ALT (U/L)

Screening 22.64 ± 9.07 27.92 ± 13.98 –

Week 6 23.57 ± 11.21 21.09 ± 6.04 0.235

GGT (U/L)

Screening 30.29 ± 35.02 19.42 ± 8.47 –

Week 6 26.64 ± 17.64 18.91 ± 8.34 0.532

Bilirubin (lmol/L)

Screening 10.36 ± 3.34 10.33 ± 3.06 –

Week 6 10.43 ± 3.65 10.55 ± 3.83 0.845

Between group comparisons were made using Analysis of Covariance (ANCOVA). Probability values P < 0.05 are statistically significant.
a One subject excluded as lost to follow up subsequent to baseline visit in placebo group. Statistical comparisons were based on n = 11 in week

6.
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and as far as we are aware, this is the first randomized con-

trolled clinical trial for a whole grape extract conducted in

North America.

The results of the current study showed that SOD concen-

trations were significantly lower for subjects on WGE com-

pared to placebo after 6 weeks of supplementation. The

placebo group had a high standard deviation for SOD mea-

surement which was attributed to a high SOD value of one

subject during baseline and week 6. The higher value in the

placebo group may have contributed to the within group sig-

nificance detected at week 6. However, the increase from

baseline to week 6 was not significant between placebo and

WGE supplementation. Catechin, the main polyphenol con-

stituent in a grape pomace enzymatic extraction was reported

to be responsible for achieving antioxidant protection in an

in vivo SOD pathway model (Perez-Ternero et al.,2013). Cate-

chin is also a major constituent of WGE (15–25%) and there-

fore may be a major contributor to the antioxidant activity

observed in the current study. Furthermore, phenolics from

sun dried white (Peinado et al., 2013) and red grape skins
(Lopez de Lerma, Peinado, & Peinado, 2013) including resvera-

trol and quercetin are implicated in the antioxidant proper-

ties of grapes and therefore may also be active in WGE

(Peinado et al., 2013). The main phenolic constituent of

WGE, proanthocyanidins (60–70%), have been demonstrated

in a number of recent grape product studies to possess anti-

oxidant and cytoprotective effects; likely acting as the main

contributor to the antioxidative activity observed in this study

(Ding et al., 2013; Wang et al., 2013).

Serum HDL-C was significantly increased in subjects on

WGE compared to placebo after 6 weeks of supplementation.

Furthermore, the subjects on placebo showed a significantly

higher total cholesterol/HDL-C ratio compared to those on

WGE. Grape seed polyphenols such as gallic acid, catechin

and epicatechin have been reported to inhibit pancreatic cho-

lesterol esterase, bind to bile acids, and reduce the solubility

of cholesterol in micelles (Ngamukote, Makynen, Thilawech,

& Adisakwattana, 2011). Since the principal steps in choles-

terol absorption are emulsification, hydrolysis of the ester

bond by pancreatic esterase, micellar solubilization and
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absorption in the proximal jejunum, it is possible to suggest

that grape seed polyphenols affect the absorption of dietary

cholesterol (Hui & Howles, 2005).

In an in vitro study, grape seed extract reduced antioxidant

enzymes (glutathione peroxidase, superoxide dismutases,

and catalase) in human platelets treated with hydrogen per-

oxide (Kedzierska et al., 2011). Animal studies have also dem-

onstrated improvements in antioxidant status with grape

extracts (Chidambara Murthy, Singh, & Jayaprakasha, 2002).

Pretreatment of rats with a methanolic extract of grape pom-

ace restored catalase, SOD and peroxidase activities (Chidam-

bara Murthy et al., 2002). Grape seed proanthocyanidin

extract (GSPE) increased Cu/Zn-SOD activity in both diabetic

and non-diabetic rats (Puiggros et al., 2009). Another study

showed that thiobarbituric acid-reactive substances (TBARS)

concentrations were significantly elevated and plasma SOD

activity decreased in diabetic rats, but supplementation with

GSPE attenuated the elevated TBARS concentrations and in-

creased plasma SOD activity. This suggests that supplemen-

tation with GSPE may attenuate oxidative stress through the

inhibition of lipid peroxidation, restore endothelial function

and reduce the risk of vascular disease in diabetics (Okudan

et al., 2011).

The current literature on the impact of grape extract on

the total antioxidant capacity and SOD concentrations, in hu-

man studies, are mixed. In a small study, participants who

consumed red grape juice concentrate showed an increase

in serum total antioxidant capacity after first ingestion (Day,

Kemp, Bolton, Hartog, & Stansbie, 1997). However, in male hu-

man smokers grape seed extract reduced both adenosine-

diphosphate and epinephrine-stimulated platelet activity,

but plasma antioxidant capacity (total radical trapping anti-

oxidant potential), lipid oxidation, (TBARS) and serum uric

acid concentrations were not affected by grape seed extract

(Polagruto et al., 2007). This discrepancy may be the result

of inherent differences in pro- and antioxidative capacities

of the populations being studied, which may vary with age,

health status and life-style choices. In the current study, the

difference in mean ages of the two groups may have impacted

the antioxidant results with SOD. Of the 14 participants on

WGE, 3 were less than 40 years old and 11 were 40 years or

older. In contrast, of the 12 participants on placebo, 6 were

less than 40 years old and 6 were 40 years or older. The mean

age of the group on placebo (38 years) was lower than the

mean age of the group on WGE (46 years). Various studies

have reported an increase in pro-oxidative capacities and a

decrease of antioxidative capacities during aging (Erden-Inal,

Sunal, & Kanbak, 2002; Gil et al., 2006; Jones, Mody, Carlson,

Lynn, & Sternberg, 2002; Junqueira et al., 2004; Ozbay & Dul-

ger, 2002). In this study, the younger ages of participants on

placebo compared to those on WGE may explain the observa-

tion that though both groups had increases in plasma total

antioxidant capacity from baseline to week 6, only the in-

crease for participants on placebo was significant. Further-

more, the population of subjects studied was pre-

hypertensive, overweight to obese and/or pre-diabetic, and

were expected to be oxidatively stressed. It would therefore

be expected that there would be individual variation in the

parameters that were investigated. It is noteworthy that

in spite of a small sample size, as well as the different
indications that comprised this sample size, major movement

in oxLDL, 8-OHdG, 8-isoprostane, total cholesterol/HDL-C

ratio and HDL-C were demonstrated.

Elevated total cholesterol, triacylglycerol and LDL-C con-

centrations have been identified as coronary heart disease

risk factors (Schaefer, 2002). Prevention of coronary artery dis-

ease has focused on modifying risk factors, such as lipid con-

centrations, obesity, hypertension, smoking and diet (Feringa,

Laskey, Dickson, & Coleman, 2011). A growing body of re-

search reports that grape seed extract may benefit the cardio-

vascular system by modifying risk factors.

Several studies have demonstrated that grape polyphenols

decreased LDL-C concentrations (Stein et al., 1999; Vinson,

Teufel, & Wu, 2001); however, much of the evidence of the ef-

fects of polyphenols has been derived from in vitro or animal

experiments (Feringa et al., 2011). The results of randomized

controlled trials conducted in humans to evaluate effects of

grape seed extract on different cardiovascular risk markers

have been mixed, with a meta-analysis of such studies show-

ing no statistically significant effects on any blood lipid con-

centration, including total cholesterol, triacylglycerol, LDL-C

or HDL-C concentrations (Feringa et al., 2011). However, Ferin-

ga et al. (2011), also noted that many grape seed extract stud-

ies were often performed with grape seed extract doses much

higher than those to which humans were exposed through

intervention, and suggested that higher doses of grape seed

extract may be needed to significantly reduce lipid concentra-

tions in human (Feringa et al., 2011). It is possible that the pri-

mary benefit is exerted through mechanisms other than lipid

reduction, such as antioxidant activities, including scaveng-

ing of hydroxyl and peroxyl radicals and inhibition of the oxi-

dization of LDL (Leifert & Abeywardena, 2008). The intake of

lyophilized grape powder (LGP) was found to have no effect

on total cholesterol or HDL-C concentrations and decreased

triacylglycerol and LDL-C concentrations in pre- or post-men-

opausal women (Zern et al., 2005). On the other hand, red

grape juice supplementation led to a significant increase in

plasma HDL-C levels and a significant decrease in total cho-

lesterol levels in patients undergoing hemodialysis. In this

study, the significant improvements of HDL-C levels and total

cholesterol/HDL-C ratios in subjects on WGE compared to

subjects on placebo suggest that WGE may have beneficial ef-

fects on lipid profiles.

Oxidized LDL is an independent risk factor for cardiovas-

cular disease and oxidative modification of LDL plays an

important role in the pathogenesis of atherosclerosis and cor-

onary heart disease (Steinberg, Parthasarathy, Carew, Khoo, &

Witztum, 1989). Proanthocyanidins from grape seed extract

are capable of inactivating superoxide anions and inhibiting

the formation of low density lipoprotein oxidation (Bagchi

et al., 2000). However, data on the association of grape extract

and LDL oxidation are inconclusive. An in vitro study found

that phenolic compounds in grapes inhibited LDL oxidation,

(Teissedre, Frankel, Waterhouse, Peleg, & German, 1996) while

a clinical study on red grape juice concentrate suggested that

there was reduced susceptibility of LDL to oxidation (Day

et al., 1997). In contrast, others have reported that polyphe-

nols did not have a measurable effect on LDL oxidation (Loest,

Noh, & Koo, 2002; Stein et al., 1999). This may be due in part to

the partitioning of polyphenols in plasma, in which only



J O U R N A L O F F U N C T I O N A L F O O D S 7 ( 2 0 1 4 ) 6 8 0 – 6 9 1 689
10–15% appear to be associated with lipoprotein (van het Hof,

Wiseman, Yang, & Tijburg, 1999). The direct effect of polyphe-

nols on protecting circulating LDL from oxidation appears to

be minimal (Zern et al., 2005). The current study showed

oxLDL decreased by 0.5% in subjects on WGE but increased

by 5% in subjects on placebo, suggesting that WGE may have

a positive influence on oxLDL. The lack of significant efficacy

of various parameters in this study such as oxLDL may have

been a consequence of short study duration. A randomized

clinical trial of healthy subjects reported that grape seed ex-

tract significantly decreased oxLDL at 6 weeks only in the

400 mg dose of grape seed extract and not in the 200 mg dose;

however, the lower dosage was efficacious at 12 weeks post

supplementation (Sano et al., 2007). In this study, subjects

were supplemented with 350 mg grape extract for 6 weeks.

As in the Sano et al. (2007) study, it is possible that either

greater dosage or longer supplementation duration was re-

quired in order to detect changes in oxLDL.

The compound 8-isoprostane is a biomarker for oxida-

tive stress and lipid peroxidation (Zern et al., 2005). LGP

was found to decrease isoprostane concentrations in both

pre and post-menopausal women, with menopausal status

having no effect on isoprostane concentrations (Zern

et al., 2005). This demonstrated that LGP had significant car-

dioprotective effects in both pre and post-menopausal wo-

men. In the current study, 8-isoprostane increased

significantly in subjects on placebo but decreased for partic-

ipants on WGE, and the between group differences ap-

proached significance. There was an increase of 8-OHdG, a

biomarker of oxidative damage to DNA, in subjects on pla-

cebo and on WGE; but only subjects on placebo approached

statistical significance (P = 0.07). These results suggest that

WGE had a positive influence in reducing oxidative stress

in participants.

WGE is generally recognized as safe (GRAS) in the United

States, supported by the safety profiles of seed, skin and

pulp of grapes. Studies on related GSE and GSKE products

that are currently on the market have demonstrated that

GSE and GSKE are non-toxic (Bentivegna & Whitney, 2002;

Wren, Cleary, Frantz, Melton, & Norris, 2002; Yamakoshi,

Saito, Kataoka, & Kikuchi, 2002) and non-mutagenic (Aiub

et al., 2004; Yamakoshi et al., 2002). The results of the cur-

rent pilot study provide evidence for the safety of the whole

grape extract.

In conclusion, in spite of a small sample size, high individ-

ual variation and short study duration, a significant increase

in HDL-C and a significant decrease in total cholesterol/

HDL-C ratio were seen in subjects supplemented with WGE

compared to placebo. Though not significant several impor-

tant positive trends were found in oxLDL, 8-OHdG and 8-iso-

prostane. Even though changes in oxLDL and 8-isoprostane

were not significant between groups, WGE decreased oxLDL

and 8-isoprostane whereas placebo increased oxLDL.

Although there was an increase in 8-OHdG in both groups,

the increase observed in subjects on placebo was twice as

much as those on WGE. The results seen in subjects on the

placebo demonstrate the movement of parameters associated

with oxidative stress in hypertensive, pre-diabetic, and/or

overweight/obese subjects not given an intervention. These

results are of clinical significance in this population of
subjects as the role of HDL-C in reverse cholesterol transport

is well documented (Barter & Rye, 2006) and is believed to be

cardioprotective, with each 1 mg/dL increase in HDL-C being

associated with a 2–4% reduction in the risk of coronary heart

disease (Gordon et al., 1989; McGrowder, Riley, Morrison, &

Gordon, 2011). It is also known that raising HDL-C concentra-

tion reduces cardiovascular disease risk independent of LDL-

C lowering (Brewer, 2004). In addition, the lowering of total

cholesterol/HDL-C ratios is of clinical significance as changes

in ratios have been shown to be better indicators of successful

CHD risk reduction than changes in absolute concentrations

of lipids or lipoproteins alone (Kannel, 2005). Furthermore, a

5% decrease in 8-isoprostane concentrations in participants

on WGE versus a 50% increase in participants on placebo,

coupled with an attenuated increase in 8-OHdG (17% in sup-

plemented subjects vs. 26% in placebo), suggests a positive

influence of WGE in reducing oxidative stress. Further studies

with larger subject numbers are warranted.
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