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ABSTRACT: In the assessment of the antioxidant properties of edible plants, the widely consumed Vitis� labruscana cv. ‘Isabella’,
known in Italy as “fragola” (strawberry) grape, was of interest. Phenol and flavonoid contents of themethanolic extracts of peel, pulp,
seed, leaf, and stalk components of the plant were determined. The metabolic profile of the extracts was performed by 1D and 2D
NMR. Quantitative analysis, obtained in the presence of 0.01% of internal standard trimethylsilyl propionate, evidenced the
presence of catechins in both stalk and seed extracts, whereas caffeic acid and quercetin were the main metabolites of the leaf extract.
Furthermore, the extracts were tested for their radical scavenging and reducing capacities by measuring their capacity to scavenge
DPPH• and ABTS•+ and to reduce Fe(III) and Mo(VI) salts. The antioxidant efficacy of the extracts in cell-free systems and their
antiproliferative activity toward HepG2 and A549 cells were also evaluated. Seed and stalk components are able to reduce by 39.6
and 40.6%, respectively, the amount of the metabolically active HepG2 cells after only 24 h of exposure.

KEYWORDS: Vitis � labruscana, ‘Isabella’ grape, metabolic profiling, NMR analysis, radical scavenging capacity, antioxidant
activity, antiproliferative activity

’ INTRODUCTION

It is well-known that an oxidative stress state is a common
denominator in the pathogenesis of several chronic diseases. Even
the most modern and complex theories on the role of oxidative
stress, in physiological and pathological processes, suggest that
a balance between production of oxidizing species and antioxi-
dant defenses is essential to preserve human health and longevity.
Furthermore, a growing number of studies underscore the exis-
tence of a constant association between diets based mainly on
vegetables and a reduced incidence of chronic illnesses such
as proliferative, neurodegenerative, and cardiovascular diseases.1

Thus, the wide range of antioxidant compounds present in fruits
and vegetables appears to play an important beneficial role, con-
firmed by both clinical and epidemiological studies.

It is currently believed that the combination of micronutrients
and nonessential phytochemicals, present in fruits, can play a
synergistic role in promoting human health. Several systematic
analyses of the nutritional composition of edible fruits have been
already carried out, and they primarily focus on the content of
antioxidants,2 micronutrients, and, more recently, polyphenolic
compounds.3,4 As a result, the improvement of the nutritional
quality of fruits has become an important objective for strategic
and cross-combined biotechnological approaches, relevant both
for improving the taste-sensory properties of fruits and for
boosting productivity, resistance, and adaptation of fruit plants.

In recent decades, targeted searches have been conducted on
specific fruits that show an important nutritional value.5,6 The
grape (Vitis vinifera L.) is one of the most commonly consumed
fruits, in both fresh and processed form. The economic impact of

commercial wine production makes the grape the most studied
fruit, under agronomic, genomic, and nutritional perspectives. The
high health benefits of grapes have been related to a high content
of phenolic compounds, many of which show high antioxidant
properties in vitro.

Little is known about the phytochemical composition of
strawberry grape (Vitis � labruscana cv. ‘Isabella’), a grape with
sweet and small berries that was introduced into Europe from
America around the end of 1800 when the phylloxera began
to spread and compromise the excellence of Italian vineyards.
The grape variety, resistant to the aphid, was used as rootstock to
save Italian vineyards from attack of the parasite. Italian law 460
permits strawberry grapes to be grown only for use as table grapes
or for making wine used for home consumption, with the
obligation to grub up the vineyards that exceed the extension
request. Recently, an HPLC-DAD-ESI-MSn study of the most
important low molecular weight phenolic compounds in hybrid
grape cultivar Isabel (Vitis labrusca � Vitis vinifera) red table
wines (anthocyanins, pyranoanthocyanins, flavonols, and hydro-
xycinnamic acid derivatives) was performed to look for differ-
ences between these andV. vinifera red wines.7 The assessment of
anthocyanins content in ‘Isabel' grape showed that the pigments
were low when compared to other fruits.8

In this study, we investigated the phenols and flavonoids content
and antioxidant properties of Vitis � labruscana components

Received: March 8, 2011
Revised: June 9, 2011
Accepted: June 9, 2011



7680 dx.doi.org/10.1021/jf200926t |J. Agric. Food Chem. 2011, 59, 7679–7687

Journal of Agricultural and Food Chemistry ARTICLE

(peel, pulp, seed, leaf, and stalk). Given the multiple modes of
action of antioxidants, several methods have been employed
to define the antioxidant capacity of the considered matrices.
The antiproliferative activity of Vitis � labruscana cv. ‘Isabella’
extracts toward human HepG2 and A549 cell lines was also
evaluated. Themetabolic profile of the extracts was performed by
1D and 2D NMR.

’MATERIALS AND METHODS

Collection and Fractionation of Vitis � labruscana cv.
‘Isabella’. Approximately 1 kg of Vitis � labruscana cv. ‘Isabella’ was
collected in September 2008 in Garzano (near Caserta, Italy). The
grapes were separated into peel (325.0 g), pulp (388.0 g), seed (115.0 g),
leaf (76.0 g), and stalk (91.0 g) components, which were stored at
�80 �C until further analyses. Three independent samples of each
component were suitably reduced to fragments and lyophilized by
Flexi-Dry MP (FTS Systems, Vienna, Austria). The obtained freeze-
dried powders, placed in Falcon tubes (50 mL), were extracted by
sonication (Dr. Hielscher UP 200S, Berlin, Germany) at maximum
power for 2 h using pure methanol as extracting solvent and then
centrifuged at 3500 rpm for 10 min in aBeckman GS-15R centrifuge
(Beckman Coulter, Milano, Italy) fitted with rotor S4180. After removal
of the solvent, the three samples of each component had average weights
as follows: crude peel, 1.03 ( 0.21 g; pulp, 1.50 ( 0.33 g; seed, 4.35 (
0.89 g; leaf, 0.42 ( 0.10 g; and stalk, 3.80 ( 0.71 g, methanol extracts.
Determination of Total Phenols. The total phenols amount of

the investigated crude extracts was measured according to the Folin�
Ciocalteu procedure as reported by K€ahk€onen et al.9 Each investigated
sample (100 μL; 10mg/mL)wasmixed with 0.5mL of Folin�Ciocalteu
reagent (FCR; Sigma-Aldrich Chemie, Steinheim, Germany) and
4.0 mL of Na2CO3 (7.5% w/v). The reaction mixture was stirred at
room temperature for 3 h. Then, an aliquot (750 μL) was poured into
750 μL of deionized water. The absorbance was read at 765 nm. The
content of total phenols of the samples is expressed as milligram gallic
acid equivalents (GAE) per 100 g of fresh material.
Determination of Total Flavonoids. The flavonoid content was

measured using a colorimetric assay developed by Zhishen et al.10

Methanolic extracts were dissolved in 5.0mL of distilled water. Resulting
aqueous solutions were promptly supplemented with 0.3 mL of NaNO2

(5% w/v), after 5 min with 0.6 mL of AlCl3 (10% w/v), and after a
further 6 min with 2.0 mL of NaOH (1.0 M). Finally, distilled water was
added to a final volume of 10.0 mL. The absorbance of the samples
was read at 510 nm. The content of total flavonoids of the samples
is expressed as milligram catechin equivalents (CE) per 100 g of fresh
material.
Metabolic Profiling of Vitis � labruscana cv. ‘Isabella’

Methanol Extracts by NMR. Each investigated methanol extract
(40.0 mg) was dissolved in 1.0 mL of a solvent system made up of
K2HPO4 buffer (pH 6.0, 90 mM) in D2O (containing the internal
standard) and methanol-d4 (1:1 v/v) and analyzed by NMR. Trimethyl-
silylpropionic acid sodium salt (TSP, 0.01%, w/v) was used as internal
standard. Deuterated solvents and internal standard were purchased
from Sigma-Aldrich Chemie.

NMR spectra were recorded at 25 �C on a Varian Mercury Plus 300
Fourier transform NMR at 300.03 MHz for 1H and at 75.45 MHz for
13C. MeOH-d4 was used as the internal lock. Spectra were calibrated
by setting d4-TSP peak at 0.00 ppm. Data acquisition parameters, for the
1H NMR spectrum, were as follows: 0.16 Hz/point, acquisition time
(AQ) = 1.0 s, number of scans (NS) = 512, relaxation delay (RD) = 1.5 s,
90� pulse width (PW) = 6.6 μs, receiver gain = 22, number of data
points (NP) = 9014, spectral width = 4506 Hz. Line broadening of 0.3
Hz and zero-filling to 32K were applied prior to Fourier transform. A
presaturation sequence was used to suppress the residual H2O signal.

FIDs were Fourier transformed, and the resulting spectra were
manually phased and baseline-corrected using 1H NMR processor
(ACDLABS 12.0).

1H�1H correlation spectroscopy (COSY), heteronuclear single
quantum coherence (HSQC), and heteronuclear multiple bond correla-
tion (HMBC) spectra were recorded (see the Supporting Information).
COSY spectra were acquired with a 1.0 s relaxation delay and 2514 Hz
spectral width in both dimensions. The window function for COSY
correlation was sine-bell (SSB = 0). 1H�13C heterocorrelation spec-
troscopy HSQC and HMBC experiments were obtained with a 1.0 s
relaxation delay and 3140 Hz spectral width in F2 and 18116 Hz in F1.
Qsine (SSB = 2.0) was used for the window function of the HMBC.
The optimized coupling constants were 1JHC = 140 Hz for HSQC and
nJHC = 8 Hz for HMBC.

The 1H NMR spectra were automatically reduced to the ASCII file
and bucketed. Spectral intensities were scaled to total intensity and
converted to integrated regions of equal width (0.04 ppm), correspond-
ing to the region at δ 0.10�9.60. The regions at δ 4.65�4.93 and
3.30�3.34 were excluded from the analysis because of the residual
solvents signals. Bucketing was performed by 1H NMR processor
(ACDLABS 12.0).
Assessment of the Reducing Effectiveness of Vitis �

labruscana cv. ‘Isabella’ Extracts. The development of distinct
methods in terms of substrate, probe, and reaction conditions was
helpful to the definition of the samples' antioxidant effectiveness. On
the basis of the involved chemical reactions, the assay methods used in
the estimation of bioactivity can be distinguished as tests based on
reactions involving a hydrogen atom (HAT, hydrogen atom transfer)
and tests based on reactions involving a single electron transfer (ET,
electron transfer). Methanolic extracts of the examined components
from Vitis � labruscana cv. ‘Isabella’ were tested in five doses (2.5, 5.0,
15.0, 50.0, and 75.0 μg/mL). For the determination of statistical
significance, tests were conducted for three samples of the investigated
components of 3three replicate measurements each (in total, 3 � 3
measurements). Recorded activities were compared to a blank arranged
in parallel to the samples.

All of the solvents and reagents used in the antioxidant tests were
purchased from Sigma-Aldrich Chemie except ABTS, which was from
Roche Diagnostics (Roche Diagnostics, Mannheim, Germany).
Determination of 2,20-Diphenyl-1-picrylhydrazyl (DPPH)

Radical Scavenging Capability. The determination of DPPH
radical scavenging capability11 was estimated as follows: methanolic
extracts from Vitis� labruscana cv. ‘Isabella’ were dissolved in 1.0 mL of
a methanol solution of DPPH• (9.4 � 10�5 M) at room temperature.
After 10 min of incubation, when the reactions had gone to completion,
the absorption at 515 nm was measured by a Shimadzu UV-1700
spectrophotometer in reference to a blank. The results are expressed
in terms of the percentage reduction of the initial DPPH radical
adsorption by the test samples.
Determination of 2,20-Azinobis(3-ethylbenzothiazolin-6-

sulfonic acid) ABTS Radical Cation Scavenging Capability.
The determination of ABTS•+ scavenging capacity was estimated.6

Methanolic extracts from Vitis� labruscana cv. ‘Isabella’ were dissolved
at room temperature in 1.0 mL of an aqueous solution of ABTS radical
cation, previously generated by ABTS (100 μM), H2O2 (100 mM), and
horseradish peroxidase (10.0 U/mL). The absorption at 734 nm was
measured by a Shimadzu UV-1700 spectrophotometer after 10 min of
incubation in reference to a blank. The results are expressed in terms
of the percentage increase of the initial ABTS•+ adsorption by the
test samples.
Determination of Mo(VI) Reducing Power. To carry out the

quantitative determination of antioxidant capacity,12 methanolic extracts
from Vitis � labruscana cv. ‘Isabella’ were dissolved in 1.0 mL of a
reagent solution containing sulfuric acid (0.6 M), sodium phosphate
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(28 mM), and ammonium molybdate (4 mM). The samples were then
incubated at 95 �C for 90 min. At the end of the incubation period, the
samples were cooled to room temperature, and their absorption was
measured at 650 nm by a ShimadzuUV-1700 spectrophotometer against
the blank. The increase in absorption in reference to the blank estimates
the reducing power.
Determination of Fe(III) Reducing Power. To determine the

reducing power,13 methanolic extracts of Vitis� labruscana cv. ‘Isabella’
were dissolved in a mixture containing potassium hexacyanoferrate
(1.0 mL, 0.1 M) and trichloroacetic acid (TCA; 1.0 mL, 100.0 mg/mL)
in phosphate buffer (0.2 M, pH 6.6). The mixture was incubated at
50 �C for 30 min. Subsequently, ferric chloride (0.5 mL, 1.0 mg/mL)
and deionized water (0.5 mL) were added, and the absorbance was read
at 700 nm by a Shimadzu UV-1700 spectrophotometer. The increase in
absorbance in reference to the blank estimates the reducing power.
Determination of Thiobarbituric Acid Reactive Species

(TBARS Method). The determination of thiobarbituric acid (TBA)
reactive species was performed by the TBARS.11 Vegetable fat (olive oil,
500.0 μg) was emulsified with Tween-40 (30.0mg), previously dissolved
in Tris-HCl (1.5 mL, 0.2 M, pH 7.4). The emulsion was stirred for 24 h,
then irradiated with UV light (254 nm) at room temperature for 60 min,
and finally added to the methanolic extracts of Vitis � labruscana cv.
‘Isabella’. The mixture was again exposed for 60 min at UV light illu-
mination. The TBA reagent (2.0 mL) prepared by dissolving 375 mg
of thiobarbituric acid, 30 mg of tannic acid, and 15 g of TCA in an
aqueous solution of HCl (100 mL, 0.2 M) was added to the emulsion.
The resulting mixture was placed into a boiling water bath for 1 h and
then centrifuged using a Beckman GS-15R centrifuge for 3 min at 3500g.
The absorbance of the supernatant was measured at 532 nm using a
Shimadzu UV-1700 spectrophotometer. The decrease in TBARS synth-
esis in reference to a blank estimates the samples' antioxidant capacity.
Determination of the Effect on Bovine Serum Albumin

(BSA) Oxidation. To determine the ability of methanolic extracts of
Vitis � labruscana cv. ‘Isabella’ to inhibit protein oxidation,11 reaction
mixtures, containing phosphate buffer (20.0 mM, pH 7.2), each test
sample, BSA (10.0 mg/mL), FeCl3 (400.0 μM), H2O2 (3.0 mM), and
ascorbic acid (400 μM), were incubated for 1 h at 37 �C. Dinitrophe-
nylhydrazine (DNPH; 20.0 mM in 2.0 N HCl) and TCA (20% w/v)
were then added. The mixture was centrifuged at 1500 rpm for 5 min.
The protein was washed three times with EtOH/EtOAc (1:1 v/v, 1.0 mL)
and subsequently dissolved in 2.0 mL of guanidine-HCl (6.0M, pH 6.5).
The absorbance of the samples was read at 370 nm by a Shimadzu
UV-1700 spectrophotometer.

Determination of the Effect on 2-Deoxyribose Oxidation.
To measure the antioxidant effectiveness on 2-deoxyribose,11 the
reaction mixture, containing EDTA (1.0 mM), FeCl3 (1.0 mM), and
H2O2 (1.0 mM), was incubated at 37 �C for 1 h. After the addition of
2-deoxyribose (28 mM) and ascorbic acid (1.0 mM), the mixture
(1.0 mL) was added to samples from Vitis � labruscana cv. ‘Isabella’.
Resulting samples were incubated at 37 �C for 24 h. At the end of the
incubation period, 1.0 mL of thiobarbituric acid (TBA; 0.5% w/v) and
1.0 mL of TCA (2.5% w/v) were added. The mixtures were then
incubated at 90 �C for 3 h, and the absorbance was read at 532 nm versus
a blank by a Shimadzu UV-1700 spectrophotometer.
Cell Cultures and Antiproliferative Activity. Human hepato-

blastoma cells (HepG2) and lung epithelial cells (A549) were purchased
from ICLC (Interlab Cell Line Collection) at Istituto Nazionale per la
Ricerca sulCancro,Genoa (Italy).HepG2were grown inRPMI (Invitrogen,
Paisley, U.K.) containing 10% fetal bovine serum (Invitrogen), 50U/mL
penicillin, and 100 μg/mL streptomycin (Invitrogen), at 37 �C in a
humidified atmosphere containing 5% CO2. A549 cells were plated and
grown under the same conditions, except that DMEM high glucose
(Invitrogen) was used instead of RPMI.

Antiproliferative activity was evaluated by theMTT test, which allows
the assessment of cell viability by determining the levels of activity of
mitochondrial dehydrogenases toward 3-(4,5-dimethyl-2-thiazolyl)-2,
5-diphenyl-2H-tetrazolium bromide (MTT; Sigma-Aldrich Chemie).14,15

The assay is based on the mitochondrial redox capacity to convert the
water-soluble yellow dye MTT into a water-insoluble blue product,
called formazan. A549 and HepG2 cells were seeded in 96-multiwell
plates at a density of 4.0� 105 cells/well. After 24 h of incubation, cells
were treated with extracts from Vitis � labruscana cv. ‘Isabella’ at four
doses (5.0, 15.0, 50.0, and 75.0 μg/mL). At 24 and 48 h of incubation,
cells were treated with 200 μL of 0.5 mg/mL MTT, dissolved in the
culture medium, for 1 h at 37 �C in a 5% CO2 humidified atmosphere.
The MTT solution was then removed, and 100 μL of DMSO was added
to solubilize the originated formazan. Finally, the absorbance at 570 nm
of each well was determined using a Bio-Rad 680 microplate reader. Cell
viability was then expressed as a percentage of mitochondrial redox
activity of the cells treated with the extracts compared to the untreated
control, and inhibition of cell viability (ICV, %) was calculated using
the following formula: [(absorbance of untreated cells � absorbance
of treated cells)/absorbance of untreated cells] � 100.

’RESULTS AND DISCUSSION

Vitis� labruscana cv. ‘Isabella’ (Vitaceae) was separated in its
components (peel, pulp, seed, leaf, and stalk), and each of them,

Figure 1. Total phenols and flavonoids content of methanolic extracts of peel, pulp, seed, leaf, and stalk components from Vitis � labruscana cv.
‘Isabella’. Reported values are the mean ( SD of measurements carried out on three independent samples analyzed three times.
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suitably reduced to fragments, was lyophilized and then extracted
by sonication with methanol. The resulting crude methanolic
extracts underwent a preliminary chemical screening evaluating
their phenol and flavonoid contents as well as their antioxidant
capacity.

The assessment of the antioxidant capacity required the use
of different tests because of the various action mechanisms of
antioxidant compounds. In fact, all of the different methods in vitro
cannot fully represent a complex biological system such as food.

The determination of the FCR reducing power, reflecting the
content of total phenols and expressed as milligram gallic acid
equivalents (GAE) in 100 g of fresh material, showed a marked
efficacy and an abundance of phenolic phytochemicals, in seed,
leaf, and stalk extracts (Figure 1), in which they reached values of
788.9, 828.0, and 814.6 mg/100 g fw, respectively. Data are in
good accordance with those reported for other Vitis species,16 in
which phenols are mainly distributed in the peel, stalk, leaf, and
seed of grapes rather than their juicy middle section. However, it
was observed that the grape total phenol content varied with
cultivar, soil composition, climate, geographic origin, cultivation
practices, or exposure to diseases such as fungal infections.17

The evaluation of total flavonoid content (Figure 1), expressed
as catechin equivalents (CE) in milligrams per 100 g of fresh
material, highlighted a major presence of these molecules in the
leaf component. Comparable flavonoid contents in seed and stalk
components were found. Previous research has shown that in grape
berries, phenolic compounds are present mainly in peels and
seeds. Flavonols and anthocyanins are the most abundant phenolic
compounds in peels of red grapes, whereas grape seeds are rich in
flavan-3-ols.18

In general, antioxidants act against the radicals according to
two basic mechanisms: the transfer of a hydrogen atom (HAT)
and/or the transfer of a single electron (ET). Antioxidant assays
based on a mechanism of mixed HAT and ET actions are the
ABTS and DPPH methods. The determination of the effective-
ness of radical scavenging components from Vitis � labruscana cv.
‘Isabella’ was performed by subjecting increasing amounts of
methanolic extracts (2.5, 5.0, 15.0, 50.0, and 75.0 μg/mL) to the
two tests (Figure 2). These are characterized by a simple and
rapid execution and good reproducibility and consist of specific
redox reactions in which the radical acts as an oxidant and probe.

When the DPPH radical scavenging ability was tested, it was
observed that the extracts of the seed, leaf, and stalk components
exhibited marked reducing activity toward the radical species.
The antiradical efficiency became significant after only 10 min of
reaction for seed and stalk components by addition of the extract
dose of 5.0 μg/mL to the radical methanol solution. In fact, the
addition of this extract amount was capable of establishing a
visible conversion of the radical DPPH (purple) into its reduced
form (yellow), resulting for seed component in a reduction of
72.1% and for stalk component in a reduction of 73.6%. How-
ever, the leaf component was able to reduce the radical by 76.3%
at 15.0 μg/mL.

Seed and stalk components exerted, similarly, a good reducing
capability of the ABTS radical cation generated enzymatically by
treating ABTS with hydrogen peroxide and horseradish perox-
idase. In fact, seed methanolic extract from Vitis� labruscana cv.
‘Isabella’ was able to reduce the radical by 51.9% at 15.0 μg/mL
dose; stalk extract produced a net conversion (80%) of the radical
cation in the corresponding reduced form at the highest tested
dose (75.0 μg/mL).

The use of transition metal iron and molybdenum salts is a
valuable method in estimating the antioxidant capacity of the
analyzed matrices (Figure 3). In fact, transition metals are
particularly important catalysts for the ROS production. The
data obtained through analysis of Fe(III) and Mo(VI) reducing
power showed the effectiveness of the seed, leaf, and stalk
components. The spectrophotometric quantitation of antioxi-
dant capacity by formation of the phosphomolybdenum complex
revealed, in particular, that the same matrices were able to induce
a comparable reduction of Mo(VI) to Mo(V).

The definition of the antioxidant capacity of analyzed plant
matrices (Figure 4) was reached through analysis of the synthe-
sis of TBARS under oxidative stress conditions, using as oxidiz-
able substrate a vegetable fat (olive oil) or the pentose sugar
2-deoxyribose. The ability of extracts to inhibit/prevent oxidative
damage to protein molecules was also estimated using BSA as
substrate.

It is known that peroxidative processes, being commonplace in
living organisms, have their target in biological molecules.
Peroxidation of organic substrates results in the formation of a
complex variety of degradation products. Analysis of the species
produced or consumed during the peroxidative process is therefore

Figure 2. Radical scavenging capacity (RSC, %) of methanolic extracts of peel, pulp, seed, leaf, and stalk components from Vitis � labruscana cv.
‘Isabella’ on DPPH radical and ABTS radical cation. Values, reported as percentage versus a blank, are the mean( SD of measurements carried out on
three independent samples analyzed three times.
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a method of quantitative determination of the peroxidative event
itself. The unsaturated hydroxyaldehydes, lipoperoxidation bypro-
ducts, can react with the thiobarbituric acid in acid media and at
high temperatures, resulting in a typical pink/red product that
exhibits a maximum absorption at 532�535 nm. The extracts,
added into the reactionmediumduring the induction of oxidative
stress, were found to be effective in preventing the oxidation of
the vegetable fat. A particular antioxidant efficacy was showed
by leaf and pulp components, which were able to inhibit the
lipoperoxidative process by 65.3 and 65.5%, respectively, at the
highest tested dose.

Analogously, the TBA�TCA reagent was used to quantify the
effect of the analyzed matrices on the oxidation of 2-deoxyribose.
In this case, the oxidation process was previously induced by
triggering a Fenton reaction. The results of this test underscore
again the antioxidant effect of pulp methanolic extract, emphasiz-
ing the enormous complexity of the mechanisms of action of
antioxidants and the variability of the action/interaction processes.

The use of the Fenton reaction, in which Fe2+ ions, reacting with
the pro-oxidant hydrogen peroxide, form Fe3+ ions, hydroxyl
anions, and hydroxyl radicals, was also used to promote the
oxidation of the protein substrate, BSA. The hydroxyl radical is
the oxygen radical with greater toxicity and reactivity. This
species lacks any endogenous mechanism of inactivation and is
responsible for the initial phase of peroxidative processes that
occur in the tissues of the organism. In fact, it is able to react with
and damage all of the cellular macromolecules. The interaction of
the hydroxyl radical with protein molecules causes fragmentation
of the protein into its amino acid components and consequent
increase of serum protein carbonyls and oxidation of thiol and
hydroxyl free functions. The data obtained are in agreement with
those recorded for the estimation of the radical scavenging capacity
and reducing power. Seed, leaf, and stalk extracts exhibited amarked
antioxidant capacity. The extracts were able to inhibit the protein
oxidation by 74.5, 75.8, and 77.1%, respectively.

Figure 3. Reducing power (RP, %) of methanolic extracts of peel, pulp, seed, leaf, and stalk components from Vitis� labruscana cv. ‘Isabella’ on Fe(III)
and Mo(VI). Values, reported as percentage versus a blank, are the mean ( SD of measurements carried out on three independent samples analyzed
three times.

Figure 4. Antioxidant capacity (AC, %) of methanolic extracts from Vitis � labruscana cv. ‘Isabella’ on olive oil, 2-deoxyribose, and bovine serum
albumin (BSA). Values, reported as percentage versus a blank, are the mean ( SD measurements carried out on three independent samples analyzed
three times.
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Cell proliferation was evaluated by determining the viable cells
with the MTT assay. This method is based on the intracellular
reduction of tetrazolium salts by the mitochondrial enzyme
succinate dehydrogenase in crystals of a blue product called
formazan. Treatment of HepG2 cells and A549 cells with the
extracts for 24 and 48 h reduced cell proliferation in a time- and
dose-dependent manner (Figure 5). The results indicate that the
antiproliferative effect is exerted in almost comparable ways in
the two cell lines. The weak activity recorded for pulp edible
component, especially at 24 h of incubation, was accompanied by
a marked antiproliferative activity of the seed and stalk compo-
nents, which were able to reduce by 39.6 and 40.6%, respectively,
the amount of the metabolically active HepG2 cells after only
24 h of exposure.

The recognition of the antioxidant and antiproliferative prop-
erties of the components of Vitis � labruscana cv. ‘Isabella’ can
add value to the botanical species widely appreciated on Italian
tables.

To quickly identify the main components of the extracts, pre-
sumably responsible of the observed biological activities, metabolite
profiles were obtained by NMR analysis. The most abundant
metabolites (Figure 6) were identified on the basis of the chemical
shifts reported in the literature data19,20 and confirmed by 2D
NMR: the homo- and heterocorrelations among protons and
carbons, in the HSQC and HMBC experiments, allowed us to
characterize unequivocally the prevailing components .Thequantita-
tive analyses were obtained by comparing the internal standard
area, in the 1HNMR spectrum, with those of unoverlapping signals
of each metabolite identified in the mixture. The results are
reported in Table 1.

1H NMR spectra of leaf methanolic extract (Figure 7) showed
signals belonging to different metabolites. In the region between
1.0 and 2.0 ppm, signals of some amino acids were present as
a doublet at δ 1.47 (J = 6.9 Hz), characteristic of alanine, together
with a doublet at δ 1.32 (J = 6.9 Hz) belonging to threonine
and some overlapped signals attributable to valine, leucine, and

Figure 5. Inhibition of cell viability (ICV, %) of methanolic extracts of peel, pulp, seed, leaf, and stalk components from Vitis� labruscana cv. ‘Isabella’
on HepG2 and A549 cells. Values, reported as percentage versus an untreated control, are the mean ( SD of measurements carried out on three
independent samples analyzed six times.

Figure 6. Main primary and secondary metabolites detected from NMR metabolomic analysis of Vitis � labruscana cv. ‘Isabella’ extracts.
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isoleucine. The presence of malic acid was also clear, due to signals
corresponding to H-2 at δ 4.31 (dd, J = 8.4 and 4.5 Hz), H-3 at
δ 2.78 (dd, J = 15.3 and 4.5 Hz), and H-30 at δ 2.54 (dd, J = 15.3
and 8.4 Hz). The chemical shifts of malic acid are slightly
different in the peel and pulp spectra; this effect agreed with a
previous observation that these values depend on the pH and
concentration of the solution.21 The stalk metabolite profile was
similar to that of the seed, but a minor presence of metabolites,
particularly amino acids, was observed.

Anomeric protons of sugars were clearly distinguished:R-glucose
at δ 5.18 (d, J = 3.6 Hz), β-glucose at δ 4.57 (d, J = 8.1 Hz), and
sucrose at δ 5.40 (d, J = 3.6 Hz) and δ 4.16 (d, J = 8.7 Hz). The
aromatic region of the spectrum appeared to be quite rich in
signals. The main aromatic compounds were doubtless quercetin
and caffeic acid. Indeed, there are signals of the 1,2,4-trisubsti-
tuted benzene as two doublets at δ 7.15 (J = 2.0 Hz) and δ 6.87
(J = 8.1 Hz) and a doublet of doublet at δ 7.07 (J = 8.1 and
2.0 Hz) and of a trans double bond conjugated with the aromatic
ring at δ 7.64 (J = 16.0 Hz) and δ 6.40 (J = 16.0 Hz). These
signals were diagnostic of a caffeic acid moiety. A two-dimensional
experiment confirmed the identification of all the detected
metabolites. Quercetin was recognizable on the basis of the
signals at δ 7.70 (d, J = 2.0 Hz), δ 7.57 (dd, J = 8.1 and 2.0 Hz),
and δ 6.95 (d, J = 8.1 Hz), attributable to H-20, H-60, and H-50,
respectively, of the B-ring, and at δ 6.49 (d, J = 1.8 Hz) and δ 6.30
(d, J = 1.8 Hz), attributable to the A-ring protons. The assign-
ment of these metabolites was confirmed by the comparison of
these NMR data with those of pure standards registered in the
same conditions of the extracts (Table 1). 1HNMR spectra of the
seed extract showed the same sugar profile of the leaves. Sucrose
is present in small amount in the peel extract but completely
lacking in pulp extract.

With regard to amino acids, the signal belonging to alanine was
clear, besides other overlapped signals. In the aromatic region,
signals relative to catechin and epicatechin were observed.
Catechin diagnostic signals were those of the A-ring at δ 5.94
(d, J = 2.2 Hz) and δ 6.03 (d, J = 2.2 Hz), the carbons of which at
δ 100.8 and 100.1 correlated, in the HMBC experiment, with the

H-4 diastereotopic protons at δ 2.87 and 2.45. The characteristic
signals of epicatechin resonated at δ 6.01 (d, J = 2.1 Hz) and
δ 6.04 (d, J = 2.1 Hz) and correlated, in the same experiment,
with the signals at δ 2.86 and 2.72.

Αnalysis of the pulp and peel extracts showed no detectable
signals in aromatic region. The peel profile showed signals for the
same amino acids, sugars, and organic acids found in the leaves,
whereas the pulp profile differed only in saccharidic composition:
no sucrose was found, the only sugar present was a mixture of R-
and β-glucose.

Much is known about the chemical characterization ofV. vinifera,
one of the most important dietary fruits grown worldwide for
wine production.22 A number of chemical constituents of V. vinifera
have been identified as potent agents having anti-inflammatory
and antioxidant actions and capable of promoting protection
against several diseases including cancer. The chemical analysis
of V. vinifera shows the presence of polyphenols such as catechin,
epicatechin, gallocatechin, isochlorogenic acid, stilbenes, and
anthocyanins having chemopreventive activities.23 Among them,
stilbenes were thought to be the active principle of red wines
responsible for their ability to reduce heart disease occurrence.
It is also used as a folk medicine for the remedy of various dis-
orders such as rheumoarthritis, ulcers, immunological disorders,
and inflammation.

As shown colorimetric tests and metabolic profiling studies,
seed, stalk, and leaf components ofVitis� labruscana cv. ‘Isabella’
contain a high amount of phenolic and flavonoid compounds,
which could be responsible for the strong radical scavenging and
antioxidant properties observed. Indeed, the bioactivity of phe-
nolic compounds from grapes being the most notable, several
methods were employed to evaluate the antioxidant capacities of
natural products extracted from various grapes or different parts
of grapes. In different parts of grape, the highest antioxidant
capacity was found in grape seeds, followed by peel, and the pulp
displayed the lowest antioxidant capacity.16,24Accumulating evidence
suggests that grape seeds possess a diverse array of actions and
may be beneficial in the prevention of inflammatory-mediated
disease such as cardiovascular disease and cancer. Grape phenols

Table 1. 1HChemical Shifts andCoupling Constants of theMainMetabolites inVitis� labruscana cv. ‘Isabella’Extracts and Their
Concentrations Obtained by Quantitative NMR Analysis

chemical shifts (δ) and

coupling constants (Hz)

peel

(mg/g extract)

seed

(mg/g extract)

pulp

(mg/g extract)

leaf

(mg/g extract)

stalk

(mg/g extract)

valine 1.04 (d, J = 6.6), 1.02 (d, J = 6.6) 4.5 1.4

threonine 1.32 (d, J = 6.9) 4.7 6.4

alanine 1.47 (d, J = 6.9) 4.0 2.1 6.5 6.5

malic acid 4.31 (dd, J = 8.4 and 4.5), 2.78 (dd, J = 15.3 and 4.5),

2.54 (dd, J = 15.3 and 8.4)

44.7 39.4

sucrose 5.40 (d, J = 3.6), 4.16 (d, J = 8.7) 35.9 66.6 48.7 86.8

R-glucose 5.18 (d, J = 3.6) 115.6 53.6 135.7 28.6 72.7

β-glucose 4.57 (d, J = 8.1) 145.6 85.9 178.3 36.9 96.7

catechin 6.87 (d, J = 2.5), 6.86 (d, J = 7.8), 6.78 (dd, J = 7.8 and 2.5),

6.03 (d, J = 2.2), 5.94 (d, J = 2.2)

7.5 4.2

epicatechin 7.03 (d, J = 2.0), 6.04 (d, J = 2.1), 6.01 (d, J = 2.1) 7.0 4.0

quercetin 7.70 (d, J = 2.0), 7.57 (dd, J = 8.1 and 2.0), 6.95 (d, J = 8.1),

6.49 (d, J = 1.8), 6.30 (d, J = 1.8)

11.4

caffeic acid 7.64 (d, J = 16.0), 7.15 (d, J = 2.0), 7.07 (dd, J = 8.0 and 2.0),

6.87 (d, J = 8.0), 6.40 (d, J = 16.0)

5.2
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seem to have opposite effects on cells depending on the concen-
tration.25 Phenolic constituents of grape juice inhibit the promotion
stage of DMBA-induced rat mammary tumorigenesis.26 Grape
extract treatment was associated with a modest stage-specific cell
cycle arrest. Furthermore, substances such as catechin, quercetin, and
resveratrol at nutritional doses prevent the development of athero-
sclerosis through several indirectmechanisms.27Vitis� labruscana cv.
‘Isabella’ represents an important source of active and beneficial
ingredients. The potent antioxidant activity together with the marked
antiproliferative efficacy of the seed and stalk components of Vitis�
labruscana cv. ‘Isabella’ suggests they be studied phytochemically.
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