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ABSTRACT

There are many studies about the biological
activities of Vitis vinifera grape seeds, which are rich in phenolic
compounds, known by their several health beneficial effects.
However, until now there is no data about biological activities
of the seeds of V. labrusca, specie found in South and North
America. Every year, the global wine production (around 260
million hL) generates about 19.5 million ton of wastes, which
are usually discarded in the environment. The aim of this
research was to evaluate the antioxidant and anti-inflammatory
activities of aqueous extracts of seeds from wine wastes of Vitis
labrusca (cv. ‘Bordo’ and ‘Isabella’). Both extracts showed
significant antioxidant and anti-inflammatory activities, which
are positively correlated with total phenolic content, suggesting
that these compounds might be the major contributors to the
biological activity of these extracts. These results indicate that
water extraction from winery wastes is an option to obtain
phenolic compounds with antioxidant and anti-inflammatory
activities helping to maintain environmental balance.

Key words: V. labrusca , winery wastes, antioxidant, anti-
inflammatory.

RESUMO

Apesar de existirem vários estudos sobre a
atividade biológica de sementes de uva de Vitis vinifera, ricas
em compostos fenólicos com reconhecidos efeitos benéficos à
saúde, não existem, até o momento, dados a respeito da
atividade biológica de sementes de V. labrusca , espécie
amplamente encontrada na América do Sul e do Norte. A
cada ano, a produção mundial de vinho (cerca de 260 milhões
de hL) gera, aproximadamente, 19,5 milhões de toneladas de

resíduos, usualmente descartados no meio ambiente. Em vista
disso, o objetivo deste estudo foi avaliar as atividades
antioxidante e anti-inflamatória de extratos aquosos de sementes
de resíduos de vinificação de V. labrusca (cv. ‘Bordo’ e ‘Isabel’).
Os resultados mostraram que ambos os extratos apresentam
significante atividade antioxidante e anti-inflamatória, as quais
apresentam correlação positiva com o conteúdo de compostos
fenólicos dos extratos, sugerindo que estes podem contribuir,
significativamente, para a atividade biológica observada. Estes
resultados mostram que é possível obter compostos fenólicos
com atividades antioxidante e anti-inflamatória utilizando
extração aquosa, além de contribuir com o equilíbrio do meio
ambiente .

Palavras-chave: V. labrusca , resíduos de vinificação,
antioxidante, anti-inflamatório.

INTRODUCTION

There are several studies about the
biological activities of Vitis vinifera grape seed extracts
(for review see XIA et al., 2010). These studies using
organic solvents (TORRES et al., 2002; XIA et al., 2010)
have limited use due to the high cost of the extraction
processes. The extraction of phenolic compounds with
non-organic solvents is of interest mainly to the
pharmaceutical industries, as they are able to minimize
pathologies associated with oxidative stress, such as
atherosclerosis, diabetes, cancer, inflammatory and
neurological diseases (XIA et al., 2010).
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There are few studies about the biological
activities of V. labrusca specie (RIZZON et al., 2000,
VEDANA et al., 2008, DANI et al., 2010), however, until
now there are no data about the potential of using V.
labrusca seeds as a source of biologically active
compounds. V. labrusca (mainly the Bordo and Isabella
varieties) is the main grape species found in South and
North America, and it is widely used to produce wines
and grape juices (SOARES DE MOURA et al., 2002;
POLLEFEYS & BOUSQUET, 2003).

Every year, the global wine production
(around 260 million hL) generates about 19.5 million
ton of wastes (OIV, 2010), which are generally used as
fertilizer or simply discarded in the environment
(TORRES et al., 2002). Although some polyphenols are
transferred from the grapes to the wine during
vinification, and there is a potential loss of some of
these compounds by oxidation during the industrial
process, the seed wastes are still good sources of
phenolic compounds (TORRES et al., 2002).

This research aimed to assess the
antioxidant and anti-inflammatory activities of aqueous
extract of V. labrusca winery wastes seeds (Bordo and
Isabella varieties).

MATERIALS   AND   METHODS

Winery wastes of V. labrusca (cv. ‘Bordo’
and ‘Isabella’) were used in this study. Both varieties
were cultivated in the northeastern region of the Serra
Gaucha, Rio Grande do Sul, Brazil. Voucher specimens
(HUCS31065-31066) were identified by the herbarium
of the University of Caxias do Sul, Rio Grande do Sul,
Brazil. Seeds were removed from vinification tanks in
January 2006, five days after fermentation beginning.
They were immediately separated from the remainder
of the winery wastes manually, dried in an air oven at
37ºC and sheltered from light. Grape seeds were
pounded in a knife mill (Quimis, Brazil) and the extracts
were prepared with 5g seeds 100mL-1 distilled water
under reflux (100°C) for 30 minutes. Extracts were cooled

to 25ºC, filtered in (pore size, 0.45µm, Millipore Corp.,
Sao Paulo, Brazil) and freeze-dried at -60°C, 10-1 bar.
Total phenolic content and the major constituents of
these extracts were described in SCOLA et al. (2010)
and are shown in table 1. No alkaloids, saponins or
terpenoids were found in the extracts.

The antioxidant activity of the V. labrusca
extracts was assayed by total reactive antioxidant
potential (TRAP) (DRESCH et al., 2009), total
antioxidant reactivity (TAR) (LISSI et al., 1995), and
thiobarbituric acid reactive species (TBARS) (SILVA
et al., 2007) assays. TRAP and TAR assays were used
to determine the capacity of extracts to trap a flow of
water-soluble peroxyl radicals produced at constant
rate, through thermal decomposition of AAPH, as
previously described. Briefly, the reaction mixture (4mL),
containing AAPH (10mM) and luminol (4mM) in glycine
buffer (0.1M), pH 8.6, was incubated at 21°C for 2h.
AAPH is a source of peroxyl radicals that react with
luminol yielding chemiluminescence (CL). The system
was calibrated using trolox. The addition of 10µL of
the extracts or trolox decreases the CL proportionally
to its antioxidant potential. The TRAP profile was
obtained by measuring the CL emission in a liquid
scintillation counter (Wallac 1409) as counts per minute
(CPM). CL intensity was monitored for 50 min after
adding the extracts (2.5µg mL-1) or trolox (200nM).
Results were calculated as area under curve (AUC) of
the CL profile and were expressed as percent of
inhibition. TAR index was determined by measuring
the initial decrease of luminol luminescence calculated
as Io/I ratio, where Io is the initial emission of CL (before
adding extracts or trolox) and I is the instantaneous CL
intensity after adding an aliquot of the sample or the
reference compound (trolox).

TBARS were assayed to measure the
antioxidant potential of V. labrusca extracts against a
lipid peroxidation cascade (including different reactive
oxygen species, such as peroxyl radicals, superoxide,
hydrogen peroxide, and hydroxyl) generated from egg
yolk lipid homogenate. Briefly, fresh egg yolk was

Table 1 - Total polyphenol content (mg L-1 of catechin equivalent) and major compounds (mg/L) in V. labrusca grape seed extracts

------------------------------------------------------Major compounds------------------------------------------------------

Extracts TPC (mg L-1

CAE) extract Catechin Epicatechin Epigallocatechin Procyanidin
B1

Procyanidin
B2

Procyanidin
B3

Procyanidin
B4 Gallic acid

Bordo 744.93.1a 169.30.9a 168.92.8a 8.90.1ª 22.40.5ª 19.70.2ª 17.40.1a 1.80.1a 12.90.6a

Isabella 353.24.6b 135.40.9b 112.40.3b 5.60.1b 8.90.1b 3.20.7b 9.70.1b 1.70.1a 6.90.1b

TPC, total phenolic content; CAE, catechin equivalents. *Different letters indicate significant differences (P=0.05). Total phenolic content
was measured using Folin-Ciocalteau colorimetric method and major compounds were measured by HPLC. These results are adapted from
SCOLA et al. (2010).
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homogenized (1% w/v) in 20mM phosphate buffer (pH
7.4), 1mL of homogenate was sonicated (10s at potency 4)
and then homogenized with 0.1 mL of extracts (2.5µg
mL-1) or positive controls were prepared immediately
before use. Lipid peroxidation was induced by adding
0.1mL of AAPH solution (0.12M). AAPH was used as
positive control. Reactions were carried out for 30min
at 37°C. After cooling, samples (0.5mL) were centrifuged
with 0.5mL of trichloroacetic acid (15%) at 1200g for
10min. A 0.5mL aliquot of supernatant was mixed with
0.5mL of TBA (0.67%) and heated at 95°C for 30 min.
After cooling, sample absorbance was measured using
a spectrophotometer at 532nm. Results were expressed
as % of TBARS in relation to the positive control.

The anti-inflammatory activity was assessed
in three-months-old Wistar rats (250-350g) from our
breeding colony. They were caged in groups of five
with free access to food and water and were maintained
on a 12-h light-dark cycle (7-19h) at 23±1°C. All
experimental procedures were performed in accordance
with the National Institute of Health Guide for Care
and Use of Laboratory Animals (NIH publication,
revised 1985) and were carried out according to the
regulations of the Brazilian College of Animal
Experimentation, COBEA. All efforts were made to
minimize animal suffering and to use only the number
of animals necessary to produce reliable scientific data.
Rats (n=6) were treated intraperitoneally with saline or
10mg kg-1 body wt of V. labrusca extracts 30 minutes
before induction of peritonitis through injection of
0.2mL of carrageenan 1% (PETRONILHO et al., 2010).
Four hours after inducing inflammation, animals were
euthanized, and pleural exudates from each animal were
harvested by washing the pleural cavity with 2mL of
sterile saline solution for measuring total and
differential cell count, lactate dehydrogenase activity
(LDH), TNF-alpha levels and total proteins. Total cells
in the pleural exudate were enumerated in a Neubauer
chamber to obtain total leukocyte counts. LDH and
TNF-alpha levels were determined with commercially
kits (Labtest Diagnóstica, Brazil and Calbiochem-
Novabiochem Corporation, USA, respectivelly).Total
protein was measured by Lowry method using bovine
serum albumin as the standard (LOWRY et al., 1951).

Thiobarbituric acid (TBA), luminol (3-
aminophthalhydrazide), carrageenan and formalin were
purchased from Sigma-Aldrich (St. Louis, MO). 2,2’-
azobis(2-methylpropionamidine) dihydrochloride
(AAPH) and 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (trolox) were purchased from Aldrich
Chemical (Milwaukee, WI). Acetic acid and glycine were
purchased from Nuclear (Diadema, SP, Brazil).

Trichloroacetic acid (TCA) and sodium carbonate were
purchased from Synth (Diadema, SP, Brazil). (+)-
Catechin, (-)-epicatechin, (-)-epigallocatechin,
procyanidins B1, B2, B3 and B4 and gallic acid were
purchased from Sigma-Aldrich (St. Louis, MO). All
other reagents were of analytical grade.

TBARS, TRAP and TAR measurements
were performed through four independent tests (in
triplicate for each one). Values were averaged and
expressed along with the standard deviation. For the
anti-inflammatory activity, the means and the standard
deviation of data obtained from 6 rats per group were
used.  Results were subjected to analysis of variance
(ANOVA), Tukey´s post-hoc test and Pearson´s
correlation using a SPSS 12.0 software package (SPSS
Inc., Chicago, IL).

RESULTS

Results show that both V. labrusca extracts
(Bordo and Isabella) have the ability to reduce the
luminol-enhanced chemiluminescence, indicating the
presence of compounds with peroxyl scavenging
properties higher than the trolox activity (Figure 1A).
TAR-index results (Figure 1B) show that both extracts
are able to scavenge peroxyl radicals, diminishing CL
intensity after the addition of the extracts in comparison
with trolox. The Bordo extract shows higher antioxidant
activity against lipid oxidative damage than the Isabella
extract (Figure 1C). In fact, a positive correlation
between total phenolic content and TAR index (r2=0.920,
P   0.01) was found. Interestingly, no correlations were
found among specific phenolic compounds and
antioxidant activity assessed by TRAP/TAR assays.
On the other hand, negative correlations between
TBARS levels and specific polyphenols were found,
as follow: catechin (r2=-0.998, P   0.05), procyanidin B1
(r2=-0.999, P   0.01), procyanidin B2 (r2=-0.997, P   0.01)
and epicatechin (r2=-0.999, P   0.01).

The intraperitoneal injection of 0.2mL of 1 %
carrageenan into the pleural cavity of rats induced an
inflammatory reaction characterized by exudate
formation and cell migration, when compared to the
control group (saline, Figure 2). Both the Bordo and
the Isabella extracts show no significant decrease in
the total cell number (Figure 2A) or polymorphonuclear
migration (Figure 2B). However, an important decrease
in lymphocyte migration to the inflammatory site
(Figure 2C) was observed. Treatments with both
extracts showed no effects on TNF-alpha levels, LDH,
or total proteins in the exudate (data not shown).
Positive correlations between the diminished
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lymphocyte migration levels and specific polyphenols
were found: procyanidin B1 (r2=0.999, P 0.01),
procyanidin B2 (r2=0.976, P  0.05), epigallocatechin
(r2=0.900, P   0.01), and epicatechin (r2=0.998, P   0.01).

DISCUSSION

Both V. labrusca extracts (Bordo and Isabella)
show antioxidant activity assessed by TRAP/TAR (Figure
1A and 1B) and TBARS (Figure 1C) assays. The Bordo
extract showed higher potential to avoid oxidative damage
to lipids, measured by TBARS (Figure 1C), and higher
polyphenol content than the Isabella extract (Table 1).
Several studies demonstrate that V. vinifera varieties
show important antioxidant activities (for review see XIA
et al., 2010). On the other hand, there is only one research
about the antioxidant activity of V. labrusca leaves
(DANI et al., 2010). This is the first research that shows

biological activities for V. labrusca seeds from winery
wastes. It is possible that phenolic compounds might
be the major contributors to the biological activities of
V. labrusca extracts related in this research. The
antioxidative mechanism of phenolic compounds is
mainly ascribed to their free radical-scavenging and
metal-chelating properties, as well as their effects on
cell-signaling pathways and on gene expression
(SOOBRATTEE et al., 2005).

Carrageenan is a high-molecular-weight
sulfated polysaccharide, which is widely used in
pharmacology to induce local inflammation (paw edema
and pleurisy) in rats. Carrageenan-induced pleurisy is
a well-characterized experimental model of inflammation,
which permits the quantification of exudates and cellular
migration (PETRONILHO  et al. ,  2010). The
administration of carrageenan into the pleural space
leads to pleurisy, characterized by an immediate

Figure 1 - Antioxidant activity of V. labrusca extracts. A) Total reactive antioxidant potential
(TRAP) of V. labrusca  extracts (2.5µg mL -1). Bars represent percent of inhibition
relative to the system area generated during luminescence reading of AAPH alone. B)
The total antioxidant reactivity was calculated as the ratio of light intensity in the
absence of samples and the light intensity right after extracts (2.5µg mL-1) addition and
expressed as percent of inhibition (Io/l) using the same raw data. C) TBARS in vitro:
lipid extracted from egg yolk was subjected to oxidative damage by incubation with
AAPH, and the ability of the extracts (2.5µg mL-1) to prevent TBARS formation was
analyzed. Data is mean ± S.D. of three independent tests. Different letters indicate
significant difference using analysis of variance (ANOVA) and Tukey’s post-hoc test
(P 0.01).
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polymorphonuclear infiltration. Besides infiltration,
pleurisy induced by carrageenan is characterized by
the production of neutrophil-derived reactive oxygen
species, such as hydrogen peroxide (H2O2), superoxide
anion and hydroxyl radical, and neutrophil-derived
mediators such as TNF-alpha (SALVEMINI et al., 1996).
Evidence from the literature shows that the production
of reactive oxygen and nitrogen species occurs at the
site of inflammation and contributes to tissue damage
(SALVEMINI et al., 1996).

Both Bordo and Isabella extracts presented
a significant decrease of lymphocyte migration to the
inflammation site (Figure 2C). These data suggest the
participation of these compounds in the biological
effect observed. Polyphenols are powerful antioxidants
and exert anti-inflammatory activities in rats, mice and
humans (XIA et al., 2010). Extracts from grape skins
and seeds of V. rotundifolia inhibited mouse ear

inflammation, edema, and polymorphonuclear leukocyte
infiltration induced by 12-O-tetradecanoylphorbol 13-
acetate (BRALLEY et al., 2007).

CONCLUSION

These data shows that it is possible to obtain
aqueous extracts from winery wastes of V. labrusca with
important antioxidant and anti-inflammatory activities.
Besides these biological effects, the use of these wastes
could help to maintain environmental balance.
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Figure 2 - Effect of the different V. labrusca extracts on leukocyte migration into the peritoneal
cavity induced by carrageenan in rats. Rats were pre-treated with saline or extracts
(10mg kg-1 body wt., i.p.) 30 minutes before carrageenan (2mL of 1% i.p.) induced
peritonitis. Cell counts were performed 4h after carrageenan injection. Total cells
migration (A), polymorphonuclear migration (B) and lymphocytes migration (C) into
pleural cavity of rats. Data is mean ± S.D. * Significant differences from saline (P 0.05).
** Significant differences from carrageenan (P 0.05).
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