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@ Vitis vinifera is a plant that presents important biological
properties.

The main by-products after vinification are:
® Stems, seeds and skin (altogether named as pomace).
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The research on by-products of grapes and wines
involves the following stages:

Isolation of extracts containing bioactive compounds.
Chemical characterization of the extracts.

Assessment of the biological activity of the extracts
and individual bioactive compounds.

Development of food supplements or biofunctional
foods using grape bioactive extracts.
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Research Aims:

Qualitative and quantitative recording of bioactive
compounds found in Greek grape varieties and wines.

Assessment of the biological activity of the bioactive
compounds.

Development of a methodology for the fast
identification of bioactive compounds in grapes.

Development of the effects of viticulture and
vinification methods on the biological properties of



ISOLATION OF BIOACTIVE EXTRACTS FROM
GRAPE POMACE

Extraction
(with methanol or H,0)

Methanolic
extracts

Water extracts

Vaporization of the
dissolver



® Grape extracts rich in bioactive polyphenols

System of columns containing
absorptive resins

Extract

Elution with ethyl
acetate or methanol

Elution with H,0
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* Methanolic grape pomace extracts rich in polyphenols inhibit ROS-induced
mutagenicity.

‘However, individual polyphenols such as trans-resveratrol and quercetin
enhance ROS-induced mutagenicity.

* The antimutagenic effects of grape extracts rich in polyphenols may be due
not to specific polyphenols but to a synergism between polyphenols and/or
between polyphenols and other phytochemical compounds.
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» Grape pomace extracts rich in polyphenols exhibited pro-oxidant activity not in
normal cells but only in those being under the genotoxic pressure of an oxidant
agent (mitomycin-C).

*This selective pro-oxidant activity is thought to be an important chemopreventive
mechanism, because it may lead to apoptosis, a programmed cell death, which
eliminates cells showing a genomic instability.
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POLYPHENOLS FROM GRAPE POMACE PROTECT

LUNG PROTEIN SP-A
FROM OZONE-INDUCED OXIDATION

Free Radical Research, March 20075 41(3): 357-366 informa

healthcare

Inhibition of ozone-induced SP-A oxidation by plant polyphenols

DIMITRIOS STAGOS"*, TODD M. UMSTEAD’, DAVID S. PHELPS’,
LEANDROS SKALTSOUNIS*, SERKO HAROUTOUNIAN’, JOANNA FLOROS>**1, &
DEMETRIOS KOURETAS!



-Collaboration with the Medical School of the Pennsylvania State University
(USA).

The experimental system for in vitro ozone exposure of proteins, cells and
animals.

*This system delivers precisely controlled flow rates of gases (filtered air with 5%
carbon dioxide saturated with water vapor at 37°C) to the exposure vessels with
precise ozone concentrations.

*SP-A protein samples were exposed to ozone (1 ppm) for 4 h.



» Grape pomace polyphenols protect SP-A protein, a molecule that plays an
important role in normal lung function and innate host defense, from ozone-
induced oxidation.

*Grape pomace polyphenols may be used to prevent the detrimental effects of air
pollutants on the lung.
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» Grape extracts from different parts (stems, skin, berries) of the plant

modify the activity of important antioxidant enzymes.

Table II. Effects of Vitis vinifera grape extracts on XO, CAT and SOD activities.

Plant part extract Vitis vinifera grape varieties ICsq ICs5q PCsy Pyrogallol
(pg/ml) (pg/ml) (pg/ml) autoxidation
Inhibition Inhibition Induction
X0 TPC CAT TR SOD TPC % Inhibition
at 1Csg at ICsq at PCsj

Stems Athiri Santorini 2007 2.5+0.6 1.2 5+0.5 23 300+13 139 NA
Asyrtiko Santorini 2006 3+l 3.6 1.5+0.1 0.7 NA NA
Mavrotragano Santorini 2008 94+0.2 42 4.5+0.1 2.1 475x1% 220 15%*
Mandilaria Santorini sun dried 2007 15+0.6 8.1 27+0.6 14.5 480+2 258 NA
Vilana Sitia 2009 16+1.2 7.3 15+0.3 6.8 260+1 I18 NA
Mavrotragano Santorini 2007 29427 169 9+40.3 53 NA NA
Voidomato Santorini 2006 33+6 4 163 22+0.6 109 510+27 252 19
Asyrtiko Santorini 2007 3317 18.9 2.5+0.3 14 420+5 241 NA
Asyrtiko Santorini 2008 35102 13.0 18+0.6 6.7 580+12% 216 18*
Mandilaria Santorini 2006 42423 245 11+0.3 6.4 180+1 105 NA
Athiri Santorini 2006 60+0.6 335 8+0.6 4.5 4602 257 NA

Skin (pomace) Asyrtiko Santorini 2007 15+1 25 4+0.3 0.7 3406 57 NA
Mandilaria Santorini 2006 3544 T3 34+1.3 T NA NA
Asyrtiko Rodos 2006 75+1 349 7+0.2 3.3 650107 302 13*

Grape (berries) Batiki Tyrnavos (aqueous) 2006 3643 233 >30% >19.4 200+1 130 NA
Mandilaria Santorini (methanolic) 2003 5047 11.5 200+0.5 44.6 NA NA
Mandilaria Rodos 2006 50+2 233 >50% >23.3 3901 182 NA
Mandilaria Santorini (aqueous) 2003 7042 14.7 98+1 20.6 480+9 101 NA
Asyrtiko Santorini (methanolic) 2003 85+14 7D 30+3.5 E NA NA
Asyrtiko Santorini (aqueous) 2006 140+5 69 40+4.6 19.7 320+2% 158 48%
Asyrtiko Santorini (aqueous) 2003 250432 L5:7 214+12 135 NA NA

Positive controls IC 50 (LM) IC5q (pM)
Allopurinol 2.140.3
Sodium azide 0.35+0.01

TPC: Total Polyphenol Content as mg gallic acid/g extract; NA, no activity. The date accompanying extracts refers to the year of vinification.
TExtracts affecting pyrogallol autoxidation. *Statistically significant inhibition of pyrogallol autoxidation at PCs;, concentrations compared to control,
p<0.05. fExtracts contributing to the optical density. Values are expressed as the mean+SEM (n=3).
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Abstract
A grape pomace extract enhanced antioxidant mechanisms in muscle and endothelial cells both in the absence
and in the presence of oxidative stress-induced agent tert-butyl hydroperoxide (tBHP). In particular, muscle
(C2C12) and endothelial (EA.hy926) cells were treated with the extract at noncytotoxic concentrations for
24 h, and the oxidative stress markers, total reactive oxygen species (ROS), glutathione (GSH), thiobarbituric
reactive substances (TBARS), and protein carbonyl levels were assessed. The results showed that the grape
extract treatment reduced significantly ROS, TBARS, and protein carbonyl levels and increased GSH in
C2C12 cells, while it increased GSH and decreased protein carbonyl levels in EA.hy926 cells. In the presence
of tBHP, the grape extract treatment in C2C 12 cells reduced significantly ROS, TBARS, and protein carbonyls
and increased GSH compared with tBHP alone treatment, while, in EA.hy926 cells, the extract decreased signif-
icantly TBARS and protein carbonyls but increased GSH. The antioxidant potency of the extract was different
between muscle and endothelial cells suggesting that the antioxidant activity depends on cell type. Moreover, the
antioxidant activity of the grape extract, in both cell lines, exerted, at least in part, through increase in GSH levels.
The present work is the first to report the effects of grape extract shown for skeletal muscle cells.




*In this study, the effects of a grape pomace extract on the redox status of cells
was assessed with flow cytometry.

* In cell biology, flow cytometry is a laser-based, biophysical technology
employed in cell counting, cell sorting and biomarker detection by suspending
cells in a stream of fluid and passing them by an electronic detection apparatus.

*It allows simultaneous multiparametric analysis of the physical and chemical
characteristics of up to thousands of cells per second.
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Grape pomace extract improved redox status in muscle cells
(C2C12):

‘Reduced ROS levels

 Increased GSH, levels, the most important antioxidant molecule in

cells
- Reduced lipid peroxidation
- Reduced protein oxidation
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Grape pomace extract protected muscle cells (C2C12) from
ROS-induced oxidative stress:
‘Reduced ROS levels

 Increased GSH, levels
- Reduced lipid peroxidation
- Reduced protein oxidation

C) ROS GSH
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Grape pomace extract improved redox status in endothelial cells:
Increased GSH, levels, the most important antioxidant molecule in
cells

- Reduced protein oxidation

ROS GSH
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Grape pomace extract protected endothelial cells from ROS-induced

oxidative stress:
Increased GSH, levels, the most important antioxidant molecule in

cells
- Reduced lipid peroxidation
- Reduced protein oxidation

ROS GSH
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*This is one of the first studies examining the antioxidant and
anticarcinogenic activity of extracts from grape stems, a scarcely

investigated by-product.
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- Stem extracts from Greek grape varieties exhibit strong free radical
scavenging activities which are comparable to those of extracts from

seeds and pomace.

Table 3
Antioxidant capacity, protective activity against hydroxyl (OH') and peroxyl (ROO-) radical-induced DNA damage.
Extract Plant variety/harvest year IC;, (ng/mL)
DPPH * ABTS™" *
Stems Assyrtiko/2009 42+0.5 55204
Assyriiko/2010 55207 35+0.2
Mavrotragano/2009 50+0.4 35+03
Mandilaria/2009 6.0+ 0.8 40+0.6
Mandilaria/2 006 90+1.0 90+09
Voidomato/2006 70+09 3.5+05
Voidomato/2009 85+1.0 6.8+0.7
Vilana /2009 70+08 11.8+1.3
Moshato/ 2009 80+0.7 35205
Ksinomavro/2010 90+1.1 2.0+0.3
Vinsanto/2010 100+1.1 40+0.2
Athiri/2010 150+1.6 20+04
Seeds Assyrtiko/2010 3.0+02 3.0+04
Ksinomavro/2010 47 +0.6 3.5+0.3
Robola/2010 60+0.7 28+02
Pomace Assyrtiko/2009 50+05 6.0+0.8

* Values are the mean + 5D of at least two separate triplicate experiments.

" Values are the mean + SD from three independent experiments.



« Stem extracts from Greek grape varieties protect from ROS-induced
DNA damage.
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Fig. 1. Protective acrtivity of stem extracts from (A) Mandilaria (2009 and (B)
Woldomaoo (2009 ) variedes against RO radicals: Lane 1, pBluescripc-SK+ plasmid
DA without any treatment lane 2, plasmid DMNA exposed o ROOC radicals alome;
lanes 3 -7 plasmid DMNA exposed o ROO- radicals in the presence of 0.25, 0.5, 1, 1.5
and 2 pofmL of extract respectively: lane 8, plasmid DMA exposed to 2 pg/mml
extract alone. Probective activity of scem extracrs from {(C) Voidomaoo {20006 ) and
(D) VWinsanto { 2010) variedes against OH- radicals: Lane 1, plasmid DNA wirthout amny
treaomnent: lane 2, plasmid DNA exposed o U plus HoO5: lanes 3 -7, plasmid DMNA
exposed o UV plus HO5 in the presence of S0, 100, 200, 400 and 800 pef/ml extracto
respectiveby: lamne 8, plasmid DMNA e sed to 800 pg/ml exiract alone,. OC: open
circular; SC: supercoiled.




* The IC50 values of grape stem extracts against ROS-induced DNA
damage was comparable to those of grape seeds and pomace.

Table 3
Antioxidant capacity, protective activity against hydroxyl (OH) and peroxyl (ROO-) radical-induced DNA damage.

Extract Plant variety/harvest year IG5 (pg/mL)
DPPH- * ABTS" * OH " ROO""
Stems Assyrtiko/2009 42405 55+04 460 + 57 1.15+0.14
Assyrtiko[2010 5.5+0.7 35+0.2 400+ 41 085+0.11
Mavrotragano/2009 50+04 35403 400 £55 0.65+0.07
Mandilaria/2009 6.0+0.8 40406 B00+113 0.35+0.02
Mandilaria 2006 90+1.0 90409 3090 +35 1.05+0.12
Voidomato/2006 7.0£09 35405 200+24 1.00 + 0.08
Voidomato/2009 B5+10 6E+0.7 BOO+ 103 0.55+0.06
Vilana/2009 10+0.8 118413 =800 3.70+£0.50
Moshato/2009 B.0+0.7 35405 400+39 1.00+0.10
Ksinomavro/2010 90+1.1 50+03 B0O + 97 1.50+014
Vinsanto/2010 100+1.1 40+0.2 300+ 38 095+0.08
Athiri/2010 150+1.6 50+04 J10+25 1.05+0.07
Seeds Assyrtiko[2010 3.0+0.2 3.0+04 360 + 44 0.75+0.09
Ksinomavro/2010 47+0.6 35+03 170+ 19 0.85+0.06
Robola 2010 6.0+0.7 28402 300+ 28 0.70+0.06
Pomace Assyrtiko/2009 50+05 BO+0.8 340+ 47 0.85+0.11

* Values are the mean + 5D of at least two separate triplicate experiments.
® Values are the mean + SD from three independent experiments.



« Grape stem extracts inhibit growth of liver (A) and cervical cancer (B)
cell at very low concentrations suggesting that they could be used as

chemopreventive agents.

(A) stern Athini 2010
Ppomace Assyruko 2009
sterm Moahato 2009
stern Mavrotra gano 2009
stern AssyThiko 2010
stermnm Vosdomato 2009
seed Kamnmomarte 2010
sterm Vinsanto 2010

sterm MMandillana 2008
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ANTIANGIOGENIC POTENTIAL OF GRAPE STEM EXTEACT THROUGH INHIBITION
OF VASCULAR ENDOTHELIAL GROWTH FACTOR EXPRESSION

‘Department of Biochemistry and Biotechnology, University of Thessaly, Larissa, Greece;
*‘Agnicultural University of Athens. Athens, Greece

The aim of the present study was to investigate the antiangiogenic potential of a grape stem extract against tube
formation by human endothelial cells (EA hv926). The results showed that at low and non-cytotoxic concentrations (50
and 100 pg/ml) the grape stem extract inhibited tube formation indicating a possible antiangiogenic activity. Moreover,
the results showed that this extract inhibited the expression levels of vascular endothelial growth factor (WVEGF), one of
the most potent proangiogenic factors, suggesting that the tube formation inhibition by the extract may be exerted
through hibition of VEGF levels. Since it is well established that VEGF prevents apoptosis, the previous finding was
further supported by the fact that the grape stem extract induced apoptosis in EA hy026 cells. Furthermore, it was shown
that the extract treatment did not change the levels of the proangiogenic molecules hypoxia inducible factor 1 alpha
(HIF-1ox) and cyclooxygenase-1 (COX-1). Therefore, these findings indicate that the grape stem extract reduces VEGF
levels through mechanisms that may be HIF-1p- and COX-1-independent. The present study 1s the first showing that
grape stem extracts possess antiangiogenic potential. Thus, our findings suggest that since grape stem exfracts possess
important bioactivities such as antiangiogenic potential, they could be exploited for developing chemopreventive and
anticancer agents, while simultaneously protecting the environment through the use of a harmful waste.




* Grape stem extracts inhibit in vitro angiogenesis suggesting that they
could be used as anticancer agents.
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Fig. 2 (A4) Representative pictures of formation of tube-like structures by EA hyv026 cells. Cells were plated onto Matrigel and treated
with different concentrations (20, 50, and 100 pg/ml) of grape stem extract for 16 hours. After treatment. cells were wvisualized
microscopically and photographed at magnification 40 (B) Total tube length was evaluated m & optical fields per sample using
Image] (NIH) software. Each experiment was repeated in duplicate at least three fimes Values are means = SID. from three
independent experiments carried out in duplicate. * P<0.05 when compared with the control (untreated cells). Statistical analysis was
made by ANOVA followed by Dunnett’s post hoc test.




* The anti-angiogenic effects of grape stem extracts are exerted through
induction of apoptosis and inhibition of VEGF protein, the most
important pro-angiogenic factor.

* Grape stem extract-induced VEGF inhibition is regulated by a HIF-1
independent mechanism.
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Biochemical and biological assessment of the inhibitory potency
of extracts from vinification byproducts of Vitis vinifera extracts
against glycogen phosphorylase
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- Stem extracts from Greek grape varieties inhibit in vitro glycogen

phosphorylase activity suggesting anti-diabetic properties.
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Fig. 2. Inhibition of GPb by the extracts from the Greek Vibds vinfera varieties. All assays were performed as described in Section 2.




* IC50 values of grape stem extracts against glycogen phosphorylase
were at low concentrations.

Table 3
The ICz; values of the polyphenohi extrack,

10 (/)
-0-lucose BTL180

Variety Slems Pommace

Muscat Hamburg, Thessaly 2008 12405
Mavrotragana Santorini 2008 10.7£0.
Voidomato Santorini 2006 43404
Vinsanto Santorini 2008 13404
ssyrako Santorint 2006 87402
Assyrtiko Sentorini 2011 124404
Mandilaria Santorini 2011 63403

Moschomaveo, Central Macedonia 2011 B040]1

* Measured &t 4mM Gle-1-p




» Crystallography analysis showed that the most potent polyphenol
accounting for the inhibition of glycogen phosphorylase was quercetin.

The dimer of glycogen phosphorylase
with quercetin bound (the cofactor PLP
is also shown to mark the active site of
the enzyme).

The accommodation of quercetin at the
glycogen phosphorylase surface.
Charged residues are indicated by a
coloring scheme from blue (positive) to
red (negative).



DEVELOPMENT OF BIOFUNCTIONAL FOODS USING BY-PRODUCTS

OF VINIFICATION

* The spin-off company (K-Meditura) of the University of Thessaly developed a
biofunctional flour containing grape pomace extract with antioxidant activity.

A biofunctional food is a natural or processed food that apart from its
conventional nutritious function, has an additional function (often one related to
health-promotion or disease prevention) by adding bioactive compounds.

*These extra functions of a biofunctional food give it a high added value.

Grape pomace extract from .
Mandilaria Santorini variety Flour containing grape pomace

incorporated in flour extract



By-products from vinification are used for making food supplements.

For example, food supplements named as ‘grape seed extracts’ are
consumed worldwide for their beneficial properties, especially the
antioxidants, on human health.
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However, most of the studies regarding by-products from grapes refer
to extracts from seeds.

Our studies provide a strong evidence that apart from seeds, grape
pomace and stems can be used for making food supplements or
biofunctional foods.

Especially, grape stems, a scarcely investigated byproduct produced
in large amounts, approximately 5% of the original grape material.

The amount of grape stems produced during the vinification process
in Greece is estimated about 5000 tons per year.



Our studies have shown that grape stem and pomace extracts are rich
in polyphenols and possess strong antioxidant and chemopreventive
properties.

Grape stems and pomace derived from the vinification process are
usually used for animal feed and making natural organic fertilizers
(compost) which constitute processes of limited economical interest.

Moreover, wine waste including stems and pomace cause
environmental problems.

Thus, the potential exploitation of grape stem and pomace extracts for
developing food supplements or biofunctional foods of high added
value is particularly interesting because this combines the profitable
venture with environmental protection close to wine-producing zones.



THANK YOU
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