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ABSTRACT: Grape pomace is generated in the production process of wine and grape juices and is an industrial waste. This
study investigated whether an intake of grape pomace was able to suppress chronic inflammation induced by lipopolysaccharide
(LPS) and galactosamine (GalN) in vivo. When Sprague−Dawley rats were orally given methanolic extracts from red and white
grape pomace, the extracts inhibited the LPS/GalN-evoked activation of nuclear factor-κB (NF-κB) dose-dependently, and red
grape pomace exerted a stronger effect than white grape one. Next, rats were fed an AIN93 M-based diet containing 5% red grape
pomace for 7 days, followed by the intraperitoneal injection of LPS and GalN. The intake of the red grape pomace-supplemented
diet was found to suppress the LPS/GalN-induced activation of NF-κB and expression of inducible nitric oxide synthase and
cyclooxygenase-2 proteins. These results suggest that red grape pomace may contain an abundance of effective compound(s) for
anti-inflammatory action.
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■ INTRODUCTION

Wine is made from red and white grapes and is drunk regularly
all over the world. However, the use of grapes as agricultural
crops leads to large amounts of byproducts in agricultural areas.
The Organizacioń Internacional de la Viña y el Vino (OIV)
estimated that the worldwide production amount of wine in
2009 was about 30 billion liters, and about 10% of the amount
of the used grapes corresponded to grape pomace after
pressing. Almost all grape pomace has become an industrial
waste, although it has been slightly used as part of the feed for
ruminants.
Grape pomace mainly consists of skins and seeds. Grape

skins and seeds are abundant sources of polyphenols, mainly
procyanidins, anthocyans, flavonols, phenolic acids, and
stilbenes.1 Actually, grape (Vitis vinifera) pomace is reported
to contain anthocyans, flavonols, phenolic acids, and stilbenes,2

and grape (Nero d’Avola) pomace also has a high content of
quercetin in particular.3 Polyphenols have multiple functions
dependent on their antioxidative activity.4 In a previous study, it
was reported that methanolic extracts of grape (V. vinifera)
pomace exerted an antioxidant activity in vitro and in vivo.5 It
was demonstrated that the extracts from grape pomace had
antioxidative activity and exerted an anti-inflammatory effect in
diet-induced obesity.6 In addition, the grape pomace extracts
selectively inhibited an intestinal α-glucosidase activity and
suppressed postprandial hyperglycemia in diabetic mice.7

Therefore, there is a high possibility that grape pomace
possesses beneficial compounds and can exhibit a suppressive
effect against various oxidative stresses.
Various phenolic compounds in grapes and wines have been

demonstrated to exert various health-promoting effects, for
example, inhibition of low-density lipoprotein oxidation,8,9 and

on the basis of these reports, the “French paradox” has been
widely discussed. Almost all of the phenolic compounds in
grapes and wine are present in grape skins and seeds. Because
grape pomace mainly consists of skins and seeds and also the
industrial waste, it is suggested that grape pomace can be
reused as a functional food or material for extraction of effective
compounds. Therefore, the aim of the present study is to find
novel functionality of grape pomace, and the following
experiments using a mouse model based on the lip-
opolysaccharide (LPS) and galactosamine (GalN)-evoked
hepatic disorder accompanied by inflammation were carried
out: First, we investigated whether methanolic extracts from red
and white grape pomace can suppress chronic inflammatory
responses induced by LPS and GalN in vivo (experiment I).
We next examined whether the diet containing the red grape
pomace can attenuate the LPS/GalN-induced chronic inflam-
matory responses in vivo (experiment II).

■ MATERIALS AND METHODS
Materials. The pomace of red and white grape (V. vinifera) was

kindly provided from the Industry and Agriculture Promotion Bureau
of Kobe City (Japan). Both grape pomaces were preliminarily dried in
the shade for 3 days before drying at 60 °C for 6 h. For the
electrophoretic mobility shift assay (EMSA), an oligonucleotide for the
NF-κB responsive element probe containing the nuclear factor-κB
(NF-κB)-binding site, 5′-AGT TGA GGG GAC TTT CCC AGG C-3′
(coding) and 5′-TCA ACT CCC CTG AAA GGG TCC G-3′
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(noncoding), was purchased from Santa Cruz Biotechnology Inc.
(Santa Cruz, CA, USA). For the Western blot analysis, anti-inducible
nitric oxide synthase (iNOS) and anti-cyclooxygenase-2 (COX-2)
antibodies were obtained from Santa Cruz Biotechnology Inc. For the
analysis of caspase-3 activity, Ac-peptidyl methylcoumarylamide
(MCA) substrates, that is, Ac-DEVD-MCA, were purchased from
Peptide Institute, Inc. (Osaka, Japan), and were dissolved at 10 mM in
dimethyl sulfoxide.
Preparation of the Red and White Grape Pomace Extracts.

The dried red and white grape pomaces were pulverized with liquid
nitrogen and lyophilized. Lyophilized powders obtained were extracted
with methanol containing 1% acetic acid overnight to obtain a variety
of hydrophobic molecules such as polyphenols including anthocyans.
The extract solutions were filtered before methanol and acetic acid
were removed from the solutions using a centrifugal evaporator. The
resultant extracts were dissolved by 5 g/L polyethyleneglycol (PEG)
6000, followed by the oral administration to rats (experiment I).
Animal Experiments. All animal treatments in this study were

approved by the Institutional Animal Care and Use Committee and
carried out according to the Kobe University Animal Experimentation
Regulations. Male Sprague−Dawley rats (6 weeks old, 160−180 g,
Japan SLC, Inc., Shizuoka, Japan) were housed in a temperature-
controlled (23−25 °C) room at 60 ± 5% humidity under a 12 h light−
dark cycle and acclimatized for 7 days with a commercial chow and
distilled water. This study includes two kinds of the experiments as
follows. In experiment I, the rats were divided at random into six
groups of eight rats each, and the rats were orally given the red and
white grape pomace extracts at concentrations of 100 and 500 mg/kg
BW after food was withheld for 12 h. The other two groups were given
0.8 mL of 5 g/L PEG6000 solution alone as a vehicle control. The
dosage concentrations of grape pomace extracts were decided by
reference to previous papers about grape pomace.6,7,10 After 1 h, half
of the rats in each group (n = 4) were further given a single
intraperitoneal (ip) injection of LPS at 10 μg/kg BW and GalN at 250
mg/kg BW, and the other half was injected with 400 μL of saline
solution (0.85% NaCl) as a vehicle control. They were sacrificed under
anesthetization 24 h after the LPS/GalN injection, and then the livers
were excised and perfused with ice-cold phosphate-buffered saline
(PBS). In experiment II, the experimental diet was based on a
modified AIN-93 semipurified diet (AIN93 M diet). Rats were divided
at random into two groups of six rats each and fed the AIN93 M diet
containing 5% red grape pomace or the control diet. The body weight
and the amount of food consumed were measured daily. After 7 days,
half of the rats in each group (n = 3) were injected intraperitoneally
with LPS at 10 μg/kg BW and with GalN at 250 mg/kg BW after food
was withheld for 12 h, and the other half was injected with 400 μL of
saline solution as a vehicle control. They were sacrificed under
anesthetization 24 h after the LPS/GalN injection, and blood was
collected from cardiac puncture. The plasma was separated from
heparinized whole blood by centrifugation at 1600g for 10 min and
used for measurement of alanine aminotransferase (ALT) activity. The
livers were excised and perfused with ice-cold PBS. Preparation of the
nuclear extract and the cell lysates from the livers was carried out
according to the method described in our previous paper.11

EMSA. The DNA binding activity of NF-κB was evaluated by
EMSA according to the method of our previous paper.12 The
specificity of the detected bands was confirmed by the competition
experiment using a 100-fold excess of the corresponding non-
radioactive cold probe (data not shown).
Western Blot Analysis. The cell lysate (50 μg of proteins) was

separated by sodium dodecyl sulfate−polyacrylamide gel electro-
phoresis (SDS-PAGE) using a 7.5% (for iNOS) or 10% (for COX2)
gel. After electrophoresis, the proteins were transferred onto a PVDF
membrane (GE Healthcare Bio-Science Co., Piscataway, NJ, USA),
and Western blotting using anti-iNOS (1:1000) or anti-COX2
(1:1000) antibody was performed. Specific immune complexes were
detected with an ECL plus Western Blotting Detection System (GE
Healthcare UK Ltd., Buckinghamshire, England).
Enzymatic Activity Assay. The plasma ALT activity was

measured using the commercially available kit (Wako Pure Chemical

Industries Ltd., Kobe, Japan) according to the manufacturer’s
instructions. Caspase-3-like protease activity was measured using
fluorogenic peptide substrates as described previously,13 and the
activity was calculated as the amount of released 7-amino-4-
methylcoumarin (AMC)/min/mg protein.

Instrumental Analysis. Anthocyans in the red grape pomace were
measured as described previously.14 Briefly, the dried red grape
pomace was extracted with methanol containing 1% trifluoroacetic
acid (TFA) overnight at 4 °C (12.5 mg/mL). The extracted solution
was filtered and diluted with 0.5% TFA solution. Aliquots of the
diluted solution (100 μL) were injected into a high-performance liquid
chromatography (HPLC) system. HPLC was carried out on a
Develosil ODS HG-5 (4.5 × 150 mm) at 40 °C using 25% methanol
containing 0.5% TFA as the elution solvent at a flow rate of 1.5 mL/
min, and the elution peaks were monitored at 520 nm.

Statistical Analysis. Data are expressed as the mean ± SE.
Statistical significance was analyzed using Student’s t test, and the 0.05
level of probability was used as the criterion of significance.

■ RESULTS AND DISCUSSION
Experiment I was performed to find novel functionality of grape
pomace and investigate whether certain compounds in red or
white grape pomace are effective for regulating inflammatory
reactions in the liver. In this experiment, rats were orally given
red and white grape pomace extracts (Figure 1). Both extracts

dose-dependently could suppress the LPS and GalN-induced
DNA binding activity of NF-κB, which is a rate-controlling
factor in inflammatory reactions, and the red grape pomace
extract was more potent than the white grape pomace extract.
Neither red nor white grape pomace extract alone caused the
activation of NF-κB. LPS induces the release of tumor necrosis
factor α (TNF-α) from a variety of the cells such as
macrophages into the bloodstream, and TNF-α plays a critical
role in the LPS and GalN-induced inflammation via the
activation of NF-κB.15 Therefore, the suppression of NF-κB
activation by grape pomace extracts must lead to down-
regulation of inflammatory and pro-inflammatory cytokines

Figure 1. Effects of red and white grape pomace extracts on the DNA-
binding activity of NF-κB in the liver. Rats were fasted for 12 h and
orally given the red or white grape pomace extracts at 100 and 500
mg/kg BW, or 5 g/L PEG6000 solution alone as a vehicle control.
After 1 h, they were intraperitoneally given LPS at 10 μg/kg BW and
GalN at 250 mg/kg BW, or a physiological salt solution as a vehicle
control. They were sacrificed 24 h after the LPS/GalN injection, and
the DNA-binding activity of NF-κB in the liver was examined by
EMSA as described under Materials and Methods. The arrow
represents the specific band of NF-κB. Typical images are shown
from one of four independent rats.
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including TNF-α, indicating that grape pomace, especially red
grape pomace, contains an abundance of the anti-inflammatory
compound(s).
The results from experiment I raise the possibility of novel

functionality of red grape pomace. If an intake of the diet
containing red grape pomace itself but not its extract can exert
the beneficial effects, red grape pomace may widen the range of
its reuse and there is a much greater chance for its reuse. In
experiment II, we prepared the diet containing 5% red grape
pomace and then investigated whether the red grape pomace-
supplemented diet can suppress the LPS and GalN-caused
inflammation. The intake of red grape pomace did not affect
the body weight gain of rats and the amount of food intake
(data not shown). Pro-inflammatory stimulus activates NF-κB
through sequential steps of the activation of IκB kinase,
phosphorylation of IκB, and release of IκB from the NF-κB−
IκB complex.16 The activated NF-κB translocates to the
nucleus, acts as a transcription factor, and regulates the
expressions of a battery of genes encoding iNOS, COX-2,
interleukin-1β, cyclin D1, and so on.17 Excessive accumulation
of NO by iNOS is deeply involved in mutagenesis18 and
carcinogenesis.19 In addition, NO attacks the variety of the cells
as a free radical. COX2 produces pro-inflammatory mediators
such as prostacyclins and prostaglandins, and prostaglandin E2
(PGE2) is one of the prostaglandins that are closely related to
inflammation and carcinogenesis. Actually, a high level of PGE2
is found in breast cancer,20 colon cancer,21 and lung cancer.22

Thus, hyperexpression of iNOS and COX2 proteins is
associated with not only inflammatory diseases but also other
diseases, and decreases in the expressions of iNOS and COX2
will lead to suppression of multiple diseases including
inflammatory diseases. Therefore, we investigated whether a
red grape pomace-supplemented diet can suppress the LPS and
GalN-induced expressions of iNOS and COX2 proteins in the
liver (Figure 2). As a result, the expressions of both proteins

were perfectly suppressed via an intake of the red grape
pomace-supplemented diet. In addition, the red grape pomace-
supplemented diet could inhibit the LPS/GalN-enhanced DNA
binding activity of NF-κB (Figure 3). These results exhibit that
the red grape pomace-supplemented diet could suppress the
expressions of iNOS and COX2 proteins through the inhibition
of NF-κB activation, and the intake of red grape pomace may
be effective for suppression of inflammatory diseases. The

binding of TNF-α to TNF receptor stimulates not only the NF-
κB signaling pathway but also the apoptosis signaling
pathway.15 Therefore, we investigated whether the red grape
pomace-supplemented diet can protect rats from LPS and
GalN-induced apoptosis in the liver (Figure 4). The grape

pomace-supplemented diet tended to reduce the elevated
caspase-3-like activity (red grape pomace-supplemented diet +
LPS and GalN vs control diet + LPS and GalN: p = 0.26),
although the injection of LPS and GalN did not significantly
elevate the caspase-3-like protease activity under this
experimental condition (control diet vs control diet + LPS
and GalN: p = 0.23). A simultaneous injection of LPS and
GalN also causes liver injury, and liver injury leads to the
leakage of ALT into the bloodstream, resulting in an increase in
the plasma ALT activity.23 Therefore, we examined the
influence of the red grape pomace-supplemented diet on LPS
and GalN-evoked liver injury. The red grape pomace-
supplemented diet tended to cancel the increase in the plasma
ALT activity (red grape pomace-supplemented diet + LPS and
GalN vs control diet + LPS and GalN: p = 0.058) (Figure 5).
These results suggest that red grape pomace suppress the LPS
and GalN-caused hepatic inflammation leading to attenuation
of liver injury.
In this study, red grape pomace could inhibit the activation of

NF-κB and the downstream events, namely, expressions of

Figure 2. Effects of the red grape pomace-supplemented diet on the
expression of iNOS and COX2 proteins in the liver. Rats were fed the
AIN93 M diet containing 5% red grape pomace or the control diet for
7 days. They were intraperitoneally given LPS at 10 μg/kg BW and
GalN at 250 mg/kg BW, or a physiological salt solution as a vehicle
control. They were sacrificed 24 h after the LPS/GalN injection, and
detection of iNOS and COX2 proteins in the liver was performed by
Western blotting as described under Materials and Methods. Arrows
represent the specific bands. Typical images are shown from one of
three independent rats.

Figure 3. Effects of the red grape pomace-supplemented diet on the
DNA-binding activity of NF-κB in the liver. Rats were treated as
described for Figure 2. The DNA-binding activity of NF-κB in the
livers was examined by EMSA as described under Materials and
Methods. The arrow represents the specific band of NF-κB. A typical
image is shown from one of three independent rats.

Figure 4. Effects of the red grape pomace-supplemented diet on
caspase-3 activity in the liver. Rats were treated as described for Figure
2. The caspase-3 activity in the livers was measured as described under
Materials and Methods. Data are shown as the mean ± SE (n = 3).
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iNOS and COX2 proteins (Figures 2 and 3), whereas it could
not suppress the increased caspase-3-like protease activity
(Figure 4). Because injections of bith LPS and GalN cause the
NF-κB activation and apoptosis via secretion of TNFα, the
targeting point of effective compound(s) in red grape pomace
may exist in the NF-κB-related pathway. Activation of NF-κB
requires multiple steps, such as IκB kinase activation, IκB
phosphorylation, and release of IκB from the NF-κB−IκB
complex.16 Until now, it has been demonstrated that a variety
of dietary plant constituents could suppress these steps. For
example, epigallocatechin-3-gallate and theaflavin inhibited the
IκB kinase activity.24,25 Epigallocatechin-3-gallate also sup-
pressed the NF-κB activation via inhibition of the degradation
of IκB.26,27 Therefore, red grape pomace may contain active
compound(s) with similar actions. Pomace from red grape (V.
vinifera), which is the same breed as the grape used in this
study, was reported to possess anthocyanins abundantly,2 and
anthocyanins could exert the anti-inflammatory effect in vivo.28

Moreover, our results demonstrated pomace from red grape
possessed stronger activity than that from white grape (Figure
1). Because red grape has a considerably abundant amount of
anthocyans compared with white grape, we investigated which
anthocyans exist in red grape pomace (Figure 6). As a result,
among anthocyans, malvidin 3-O-β-D-glucopyranoside alone
was identified in red grape pomace, and the amount was 0.714
nmol/mg red grape pomace. In a previous paper, it was
revealed that malvidin could not inhibit the LPS-induced
expression of COX2 protein in RAW 264 cells, whereas
delphinidin and cyanidin suppressed it.29 However, in the paper
by Hou et al.,29 the effect of malvidin 3-O-β-D-glucopyranoside
on inflammatory responses was not evaluated, and so its anti-
inflammatory activity has not been proven yet. Therefore,
malvidin 3-O-β-D-glucopyranoside may have the potent anti-
inflammatory effect. In this study, the rats ate 14.5 g of the diet
containing red grape pomace/dayrat on average, and so the
intake amount of red grape pomace itself was 690 mg/day/rat.
On the basis of the amount of malvidin 3-O-β-D-glucopyrano-
side in red grape pomace, the rats ate malvidin 3-O-β-D-

glucopyranoside at the concentration of 493 nmol (=243 μg)/
day/rat. Compared with a previous report of the suppressive
effect of the grape pomace extracts on obesity-related
inflammation,6 the intake amount of malvidin 3-O-β-D-
glucopyranoside in this study seems to be relatively small.
Therefore, malvidin 3-O-β-D-glucopyranoside may have strong
anti-inflammatory activity, or several compounds in red grape
pomace including malvidin 3-O-β-D-glucopyranoside may
contribute to suppression of LPS and GalN-evoked hepatic
inflammation. Resveratrol may be also one of the candidates for
active compound in red grape pomace, although we did not
measure the amount of resveratrol in red grape pomace. In the
previous study, resveratrol was reported to exist in grape
pomace abundantly.2 Resveratrol could inhibit the phorbol
ester-induced expression of COX2 protein and activation of
NF-κB in an in vivo system using mouse skin.30 In addition, it
was reported that resveratrol could inhibit TNF-α-induced
inflammation via Sirtuin1, which plays a role in the regulation
of inflammation.31 Resveratrol was also revealed to block the
JAK/STAT-1 pathway that controls inflammatory responses in
IFN-γ-activated macrophages.32 Thus, the anti-inflammatory
activity of resveratrol is well-known, and its molecular
mechanisms have also started to be elucidated. Anthocyans
and resveratrol may contribute to the suppression of
inflammatory reactions by red grape pomace. Moreover, the
presence of other effective compounds in red grape pomace
cannot be denied, and further studies are required to find the
active compound(s) for the detailed understanding and
evaluation of grape pomace.
Grape pomace is the industrial waste generated in the

production process of wine and grape juices, but the extract
derived from red grape pomace could suppress NF-κB
activation. Therefore, grape pomace may contain the active
compound(s) for suppressing inflammatory responses and may
be suitable to be used as material for the extraction and
identification of anti-inflammatory agent candidates. In
addition, the successive intake of a diet supplemented with

Figure 5. Effects of the red grape pomace-supplemented diet on the
plasma ALT activity. Rats were treated as described ifor Figure 2. The
plasma ALT activity was measured as described under Materials and
Methods. Data are shown as the mean ± SE (n = 3). (∗) Significant
differences from the corresponding control group (p < 0.05).

Figure 6. Detection of anthocyans in red grape pomace. Anthocyans in
red grape pomace were detected by HPLC as described under
Materials and Methods. A typical chromatogram at a wavelength of
520 nm is shown from one of three independent experiments. The
peak for malvidin 3-O-β-D-glucopyranoside is indicated by an arrow;
other anthocyans were not detected.
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red grape pomace led to the LPS and GalN-evoked NF-κB
activation and iNOS and COX2 expressions, and therefore
grape pomace may be able to be used as an ingredient of
supplements or functional foods in the future.
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