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ABSTRACT

The purpose of this study was to evaluate the beneficial effects of organic and conventional grapevine (Vitis labrusca
L.) leaf extracts in reducing hydrogen peroxide-induced stress in the liver, heart and kidney of Wistar rats by meas-
uring lipids and proteins damages (carbonyl assay), as well as the activity of the antioxidant enzymes superoxide
dismutase and catalase. The preincubation with 5 mg/mL of organic and conventional grapevine (Vitis labrusca L.)
leaf extracts prevented both lipids and proteins oxidative damages in all tissues analyzed. The organic leaf extract
was able to restore superoxide dismutase (kidney and liver) and catalase (heart) activities, which were modified by the
treatment with HyO,. The conventional extract was able to restore only the catalase activity in liver and heart tissues.
The beneficial effects of the V. labrusca leaf extract shown in this study could probably be important for formulat-
ing dietary supplements, as well as for developing new ingredients with improved antioxidant properties from other
plant sources.
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INTRODUCTION

The formation of reactive species (RS) is a natural con-
sequence of aerobic metabolism and is associated with
oxygen homeostasis, i.e. the balance between constitu-
tive oxidants and antioxidants (Seifried et al. 2007). In-
creased free radical production or reduced antioxidant
defense response may give rise to increased oxidative
stress (Halliwell and Gutteridge 2007), which has been
associated with aging and a number of human chronic
diseases such as cancer, liver, kidney and cardiovascular
disorders (Seifried et al. 2007, Strayo et al. 2008).
There is an interrelated process to protect the cells
against oxidative damages, which includes the superox-
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ide dismutase (SOD) and catalase (CAT) enzymes. The
SOD activity catalyzes the dismutation of the superox-
ide anion (0O27°*) to oxygen and hydrogen peroxide,
while the CAT activity converts hydrogen peroxide to
water and molecular oxygen (Halliwell and Gutteridge
2007). Besides the enzymatic defenses, the antioxidant
consumption in the diet has an important role in pro-
tecting against the development of diseases related to
oxidative damages (Rubiolo et al. 2008).

Vitis vinifera leaves have been traditionally used
as food and for treating hypertension (Basoglu et al.
2004), diarrhea, hemorrhage and varicose veins (Kosar
et al. 2007), as well as inflammatory disorders (Bom-
bardelli and Morazzonni 1995, Baytop 1999), all in hu-
mans, by the traditional medicine, and for reducing
blood glucose levels in diabetics rats (Monagas et al.
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2006, Orhan et al. 2006). The leaves of V. vinifera have
also shown hepatoprotective effects on acetaminophen
induced hepatic DNA damage in rats (Montvale 2002).
Currently, V. vinifera leaves are being employed to pro-
duce dietary ingredients commonly used to formulate
dietary antioxidant supplements (Davalos et al. 2003),
and they are considered a cheap source for the extraction
of antioxidant phenolic compounds (Gonzélez-Paramas
et al. 2004).

In South America, Vitis labrusca is the main spe-
cies used for wine and juice production (Dani et al.
2007). It is also possible to find organic and conven-
tional vineyards in the area. The organic production is
characterized by restrictions against the use of syn-
thetic pesticides and synthetic fertilizers (IFOAM 2005).
This kind of product has shown some differences in
the phenolic content when compared with conventional
procedures (Asami et al. 2003, Dani et al. 2007). In an-
other study from our group, organic and conventional
grape juices showed an important hepatoprotective ac-
tivity in rats (Dani et al. 2008). However, there are no
data in the literature about grapevine leaves from differ-
ent cultivars (organic and conventional).

Some cardiovascular, liver and kidney diseases are
associated with high levels of oxidative stress. There is
a hypothesis that lipid peroxidation is a key contributor
to the progression and perhaps to the origin of cardio-
vascular diseases (Strobel et al. 2011) and to acute and
chronic renal failure. Liver diseases remain one of the
most serious health problems, and modern medicines
have little to offer for the reduction of hepatic disorders.
Therefore, many folk remedies of plant origin are evalu-
ated for their possible hepatoprotective effects against
different chemically induced liver damages in experi-
mental animal models (Orhan et al. 2007).

Given these considerations, the aim of the present
study was to investigate the protective effects of organic
and conventional V. labrusca grape leaf extracts (GLET)
in reducing the oxidative stress caused by H,O; in kid-
ney, liver and heart tissues of Wistar rats.

MATERIALS AND METHODS
CHEMICALS

2,4-dinitrophenylhydrazine was obtained from Riedel-
de-Haen (Seelze-Hannover, Germany). H>O; and all
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other chemicals were purchased from E. Merck (Darm-
stadt, Germany).

GRAPE LEAF EXTRACTS

Leaves of V. labrusca, variety Bordo, from both con-
ventional and organic production, were collected in
November 2007 at the end of blooming, before fruc-
tification. The plant was identified at the herbarium of
Centro Universitario Metodista IPA (Porto Alegre, RS,
Brazil). The organic vines received the ECOVIDA cer-
tification (Dani et al. 2007). Leaves were dried under
shade, powdered and extracted with 70% ethanol in a
closed circuit at 70°C during 20 h in Soxhlet (Park et al.
1998). After this, the solvent present in the extract was
evaporated under reduced pressure in a rotary evapora-
tor for 5 h. The powder obtained was diluted in water
in a concentration of 0.1 g/mL and used for the assays.
The main phenolic compounds found in the GLET are
shown in Table I.

TISSUE PREPARATION AND TREATMENT

Ten-day-old male or female Wistar rats were obtained
from our own breeding colony. They were maintained
at approximately 25°C, on a 12-h light/12-h dark cycle,
with free access to food and water. The “Principles of
laboratory animal care” (NIH publication no. 80-23, re-
vised 1996) were followed in all experiments, and our
research protocol was approved by the Ethics Commit-
tee for Animal Experimentation of Centro Universita-
rio Metodista. All efforts were made to minimize an-
imal suffering and to use only the number of animals
necessary to produce reliable scientific data. Animals
were killed by decapitation without anesthesia and the
kidney, liver and heart were rapidly excised on a Petri
dish placed on ice. Tissues were weighed and kept
chilled until homogenization, which was performed
using a ground glass type Potter-Elvejhem homogenizer
in 1.5% KCI. The homogenates were centrifuged at
800 g for 10 min at 4°C, the pellet was discarded and
the supernatants were immediately used (Seminotti et
al. 2008). Kidney, liver and heart supernatants were
treated with grape leaf extracts (5 mg/mL) for one hour,
then 10 mM hydrogen peroxide (H,O,) was added, and
the mixture was incubated for half an hour. As a con-
trol, aliquots were treated with 10 mM H;O,. Samples
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were incubated for 1 h at 37°C under agitation. After in-
cubation, aliquots were taken to measure oxidative stress
parameters. All experiments were conducted in accor-
dance with the Guiding Principles of the Use of Animals
in Toxicology, adopted by the Society of Toxicology in
July 1989.

OXIDATIVE STRESS PARAMETERS

Antioxidant activity of GLET, such as lipid and protein
damages and SOD and CAT activities, was measured
by in vitro assays. As an index of lipid peroxidation,
we used thiobarbituric acid reactive species (TBARS),
which is a sensitive method widely adopted for meas-
uring lipid peroxidation, as previously described (Wills
1966). The protein oxidation was assessed by a reli-
able method based on the reaction of carbonyl groups
with 2,4-dinitrophenylhydrazine (DNPH) to form a 2,4-
dinitrophenylhydrazone that could be measured spec-
trophotometrically as previously described (Levine et
al. 1990). Equal amounts of protein samples without
DNPH were used as controls. Results were expressed
as nmDNPH/mg of protein.

The antioxidant enzyme assays were performed on
tissue homogenates as previously described (Latini et
al. 2007). The SOD activity was spectrophotometri-
cally determined by measuring the inhibition of self-
catalytic adrenochrome formation rate at 480 nm (Ban-
nister and Calabrese 1987). The CAT activity assay was
performed according to the method described by Aebi
(1984). Protein concentrations were determined by the
method of Bradford (1976) using bovine serum albumin
as standard.

STATISTICAL ANALYSES

Data were submitted to the analysis of variance
(ANOVA) and means were compared using Tukey’s
test. Relationships among variables were assessed with
Pearson’s product-moment correlation coefficient. SPSS
version 12.0 (SPSS, Chicago, IL) was used in all statis-
tical analyses.

RESULTS AND DISCUSSION

Dietary antioxidants, including polyphenolic com-
pounds, are considered beneficial because of their po-
tential protective role in the pathogenesis of multiple

diseases associated with oxidative stress such as cancer,
inflammation and atherosclerosis (Mateos et al. 2005).
Flavonoids are a large group of polyphenolic com-
pounds present in grapes that show a wide range of
biological activities. According to Kosar et al. (2007),
Vitis vinifera leaf extracts contain different types of
phenolic compounds such as tannins, flavonoids, pro-
cyanidins, anthocyanins and phenolic acids in the leaves
and berries. In addition, in this study, hydroxycinnamic
acids and flavonoids were found as the main compounds
in all Vitis vinifera extracts.

According to the literature, polyphenols can inhibit
lipid peroxidation, platelet aggregation, capillary per-
meability and the activity of some enzymes such as lipo-
oxygenases and cyclooxygenases, which are associated
with cardiovascular diseases (Mateos et al. 2005). In this
work, the effects of GLET in preventing H,O;-induced
oxidative stress were evaluated in the liver, heart and
kidney of Wistar rats. Our results show that the treat-
ment with H,O; led to an increase in lipid peroxidation
(TBARS) and protein damage (carbonyl) in all tissues
assayed (Fig. 1), associated with SOD (in kidney and
heart) and CAT (in all tissues) activity depletion (Fig. 2),
thus altering the redox status by an overproduction of
RS. The preincubation with GLET, from both conven-
tional and organic production, prevents lipid and pro-
tein damages in all tissues (Fig. 1). The organic leaf ex-
tract was able to increase both SOD (kidney and liver)
and CAT (heart) activities. The conventional leaf extract
was able to restore only CAT activity in liver and heart
tissues (Fig. 2).

In this context, the extracts from both organic and
conventional V. labrusca leaves, which is the main spe-
cies used in America to produce wines and grape juices
(Seeram et al. 2008), were tested in heart, liver and kid-
ney tissues of rats. It was observed that both extracts
were able to reduce the lipid and protein HyO»-induced
damage in all tissues (Fig. 1), indicating hepatoprotec-
tive, renal-protective and cardioprotective actions of
GLET. A negative correlation between lipid peroxida-
tion and total phenolic (r = —0.888, p < 0.01), flavo-
noids (r = —0.856, p < 0.01) and resveratrol (r =
—1.000, p < 0.05) contents in the kidney, and between
lipid damages and resveratrol content (r = —0.999, p <
0.01) in the liver was found. Protein damages were
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Fig. 1 — TBARS (A) and carbonyl (B) levels in kidney, liver and heart tissues of Wistar rats treated with organic and conventional grape leaf

extracts. Data are mean £ SD values of two independent experiments. *Different letters indicate a significant difference according to the analysis

of variance and Tukey’s post-hoc test (p = 0.05) for each tissue evaluated; for example, a is different from b.

negatively correlated with total phenolic (r = —0.908,
p < 0.01), flavonoids (r = —0.899, p < 0.01) and
resveratrol (r = —1.000, p < 0.05) content in the kid-
ney, and with resveratrol (r = —0.985,p < 0.01) content
in the liver. These correlations suggest that polyphenols
contribute directly to the protective effect observed.
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According to Pari and Suresh (2008), flavonoids
found in grape leaves such as anthocyanins, catechin
and non-flavonoids (stilbene) have been reported to
have the ability to prevent Fe?* and Cu®* induced lipid
peroxidation. In addition, according to Monagas et al.
(2006), active constituents such as flavanols, flavanol
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Fig. 2 - SOD (A) and CAT (B) activities in kidney, liver and heart tissues of Wistar rats treated with organic and conventional grape leaf extracts.

Data are mean + SD values of two independent experiments. *Different letters indicate a significant difference; for example, a is different from b

according to the analysis of variance and Tukey’s post-hoc test (p = 0.05) for each tissue evaluated.

oligomers and anthocyanidins were found in V. vinifera
leaves. They have been reported as powerful antiox-
idants, and this might be the reason for the reversal of
antioxidant levels in the tissues of alcohol-fed rats
treated with leaf extracts.

It has already been shown that ethanol extracts of
V. vinifera were able to induce a hepatoprotective ac-

tion on carbon tetrachloride-induced acute liver dam-
age in rats, which was attributed to the polyphenolic
compounds (Orhan et al. 2007). Data about assays per-
formed in kidney and heart tissues with grape leaf ex-
tracts are absent in the literature. However, it is known
that grape seed extracts can reduce oxidative stress,
which is elevated in cardiovascular and metabolic dis-
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eases (Falchi et al. 2006). Furthermore, a recent study
showed that resveratrol and quercetin exerted protective
effects in animal models of renal ischemia/reperfusion
injury (Lo Presti et al. 2007).

According to Kosar et al. (2007), Vitis vinifera
vine leaves contain hydroxycinnamic acid derivatives
(via caffeic and chlorogenic acids) and flavonoids (via
quercetin and its derivatives) as the main compounds
responsible for antioxidant activities, as previously re-
ported (Park and Cha 2003). In a recent study (Mona-
gas et al. 2006), the chemical characterization of water
and ethanolic extracts of Vitis vinifera leaves have been
studied using HPLC method, and peonidin- 3-O-gluco-
side, quercetin-3-O-lucuronide and quercetin-3-O-glu-
coside have been found as major components of the wa-
ter extract. Flavanols and flavanol oligomers and pro-
anthocyanidins (condensed tannins) have been proven
to possess powerful antioxidant activities, i.e. free radi-
cal scavenging activity and lipid peroxidation inhibition
(Orhan et al. 2006). Moreover, according to Orhan et al.
(2007), mainly condensed tannins and flavonoids were
suggested to contribute to the antidiabetic activity and
prevention of lipid peroxidation of Vitis vinifera leaves.
However, in this study, no correlation was found be-
tween total phenolic content and antioxidant activity of
the fractions, and we suppose that all compounds are
important, not only one.

Grape leaf extracts showed different patterns in
modulating the H,O»-induced enzyme activities, and it
was found that the organic vine leaves were more effec-
tive in preventing oxidative damages (Fig. 2). Although
both GLETsSs have similar total phenolic content, statisti-
cal differences in all flavonoid contents were observed.
Moreover, naringin was found only in the conventional
leaf extract. Organic GLET showed around 10 times
more resveratrol than the conventional extract (Table I).

In fact, the SOD activity was positively correlated
with resveratrol content (r = 0.981, p < 0.05; r =
0.999, p < 0.01; r = 0.997, p < 0.01) in kidney, liver
and heart tissues, respectively, suggesting that resve-
ratrol might be responsible, amongst other factors, for
modulating this antioxidant defense. Polyphenols are
also associated with the CAT activity. We found a pos-
itive correlation between the CAT activity and catechin
(r=0.975,p < 0.05; r = 0.979, p < 0.05), quercetin
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(r=0.978,p < 0.05; r = 0.982, p < 0.05) and rutin
(r =0.981,p < 0.05; r = 0.985, p < 0.05) contents,
in kidney and liver tissues, respectively, and with total
flavonoids (r = 0.717, p < 0.05) content in the heart
tissue.

The organic GLET seems to be more efficient than
the conventional one in counteracting the lipid and pro-
tein damages induced by H>O» in the kidney and liver
(Fig. 1). These data agree with our previous studies with
organic and conventional purple grape juice (Dani et al.
2007, 2008). One possible explanation for the better
results obtained for the organic extract is that, as pes-
ticides are not used, the plants are more susceptible to
the action of phytopathogenic organisms, resulting in
the production of larger amounts of phenolic com-
pounds, such as resveratrol, as a mean to defend itself
(Soleas et al. 1997, Bourn and Prescott 2002).

Different effects were also observed for each tissue
assayed. Among other factors, these results might be due
to: (a) the availability of substrates for peroxidation, (b)
the presence/amount of peroxidation inducers, such as
ascorbate, Fe>t, oxygen, initiators of free radical reac-
tions and the functioning of the electron transport chain,
which serve as a source of RS, (c) the levels of the antiox-
idant defense, and (d) the differences in the membrane
lipid, such as fluidity and surface charge (Strayo et al.
2008). The beneficial effects of V. labrusca leaf extracts
found in this study could probably be of importance for
formulating dietary supplements, as well as for devel-
oping new ingredients with improved antioxidant prop-
erties from other plant sources. However, in order to
suggest the potential therapeutic use of GLET in pre-
venting liver, kidney and heart diseases, further studies
will be necessary to better understand the biological
benefits and to unveil the mechanism of this important
protective effect.
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TABLE I
Phenolic content of organic and conventional grape leaf extracts!.
Grape Total phenolic Flavonoids Catechin Resveratrol
leaf content (mg (g rutin/ (mg/g raw (mg/g raw
extracts gallic acid/mL) mL) extract) extract)
Organic 20.2 +1.80 7.94+0.4 3.64 £0.01 0.714 £ 0.01
Conventional 19.0 £0.05 8.95 £ 0.5* 4.30 +£0.03* | 0.062 &+ 0.003*
Grape Quercetin Rutin Kaempferol Naringin
leaf (mg/g raw (mg/g raw (mg/g raw (mg/g raw
extracts extract) extract) extract) extract)
Organic 5.86 £0.15 44.90 +0.22 1.37£0.10 ND
Conventional | 6.74 £0.08* | 55.754+0.10% | 1.43+0.15* | 0.77 £0.012*

ldata from Dani et al. 2009. ND: not detected. *Values statistically different from the organic
leaf extract according to the Student ¢-test (P < 0.05). The total phenolic content was measured

using Singleton and Rossi’s modification of the Folin-Ciocalteau colorimetric method (Singleton et

al. 1999). Flavonoids content were evaluated by vanillin assay according to Monagas et al. (2003).

Catechin, resveratrol, quercetin, rutin, kaempferol and naringin contents were measured by HPLC

according to Robards (2003) and Ector et al. (1996).
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RESUMO

O objetivo deste estudo foi avaliar os efeitos benéficos de
extratos de folhas de videira (Vitis labrusca L.) organicas e
convencionais em reduzir o dano gerado pelo perdxido de hi-
drogénio no figado, coragdo e rim de ratos Wistar, pela me-
dida de danos a lipidios e a proteinas (Ensaio Carbonyl), como
também a modulagdo sob a atividade das enzimas antioxi-
dantes superoxido dismutase e catalase. A pré-incubagdo com
5 mg/mL de extratos de folhas de videira (Vitis labrusca L.)
organicas e convencionais previnem ambos danos oxidativos
a lipidios e proteinas em todos os tecidos analisados. O ex-
trato de folha orgénica foi capaz de restabelecer a atividade das
enzimas superdxido dismutase (rim e figado) e catalase (cora-
¢do), as quais foram modificadas pelo tratamento com peroxi-
do de hidrogénio. O extrato convencional foi capaz de resta-
belecer apenas a enzima catalase no figado e no coragdo. Os
efeitos do extrato da folha V. labrusca mostrados neste estudo,
provavelmente, poderiam ser importantes para a formulagéo
de suplementos dietéticos, bem como para o desenvolvimento
de novos ingredientes com propriedades antioxidantes prove-

nientes de outras plantas.

Palavras-chave: atividade antioxidante, folhas de videiras,
hepatoprote¢do, cardioprotecdo, renal protegdo, Vitis la-

brusca.
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