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Development of a System to Produce
Phenolic Extracts from Grapes
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SUMMARY
(& 8 FF)

I. Title

Development of a System to Produce Phenolic Extracts from Grapes

II. Objective and Significance

This study was performed to develop a system for production of grape
phenolic extracts with resveratrol and evaluate their effects on the

biological activities.

M. Scope of Research

- Analysis of resveratrol content in different parts of grapes

- Development of a preparation system of raw materials

- Development of a extraction system

- Development of a separation system

- Evaluation of effects of grape extracts on biological activities

- Analysis of an economical effect

IV. Results and Proposal for Practical Use

[ ] When the contents of resveratrol in different parts of Gerbong, Campbell
and Sheridan grapes produced in Korea were measured using HPLC
analysis, resveratrol contents in the flesh, skin, seed and fruit stem of
each grape showed large difference while there is a little difference
among three cultivars. In fruit stem, and skin and seed, resveratrol
contents were 170 to 440 pg/g-dry weight (or 39 to 121 pg/g-fresh
weight) and 4 to 8 pg/g-dry weight (or 1 to 4 pg/g-fresh weight),



respectively. The fruit stem may be a good resource for resveratrol

production.

[ ] The characteristics of size reduction of grape skin, seed and fruit stem
and model an operation of size reduction were analyzed. Among three
components, the size reduction ratio of fruit stem was largest and
followed by those of seed and skin. They increased with charge rate in
a crusher. When Kick'’s constants for grape skin, seed and fruit stem
were evaluated, the constant of fruit stem was largest and followed by
those of skin and seed in the order. For Rittinger's constants, the
constant of seed was larger than that of skin while that of fruit stem
was largest among three grape components. The models of Kick’s and
Rittinger’s constants were described in the forms of exponential

functions with a parameter of charge rate reflected by the square root.

[] In order to search an effective extraction of resveratrol from grapes,
superior to a conventional solvent extraction, an ultrasonication—assisted
method was explored. When the new extraction of resveratrol was
applied to fruit stem of Campbell and Gerbong grapes, the recovery
yvield was increased by 24 to 3096, compared to that by the conventional
solvent extraction with ethanol/water (80:20%, v/v) maintained at 60T
for 30 min. The ultrasonication-assisted extraction of resveratrol was
modeled by the first-order reaction Kkinetics with reaction rate constants
for extraction and degradation of resveratrol. For fruit stem of Campbell
grape, the reaction rate constants k; and ke for extaction and
degradation of resveratrol were 0.7797 min ! and 0.06481 min
respectively, while the parameters for fruit stem of Gerbong grape were
0.4773 min ' and 0.03713 min . In spite of the difference between two
cultivars, the ratio of k; to ke was about 12 for both the cultivars. In
simulation with the models for extraction and degradation of resveratrol,
the maximum recovery of resveratrol from fruit stem of Campbell grape
was 489.4 pg/g-dry material at the extraction time of 3.48 min. During
this time, the amount of degraded compounds was shown with 83.1 p
g/g-dry material. These figures indicated 79.8% and 13.6% of the total
resveratrol in fruit stem of Campbell grape. Similarly, the maximum
recovery of resveratrol for fruit stem of Gerbong grape and the amount

of degraded compounds were 80.6% and 13.196, respectively, of the total



resveratrol, which were calculated with 194.8 pg/g-dry material and

31.6 pg/g-dry material.

It has been well known that reactive oxygen species (ROS) are
implicated in many human diseases. Moreover, overproduced
prostaglandins (PGs) by inducible cyclooxygenase (COX-2) and NO by
inducible nitric oxide synthase (GNOS) cause tissue damages, chronic
inflammation, and carcinogenesis. Therefore, free radical scavenger or
the potential COX-2 or iNOS inhibitors have been considered as
preventive or therapeutic agents for several diseases. In this study, the
antioxidant and anti-inflammatory potentials of various grape extracts
were evaluated. Extracts from Kyho seed, Kyho stem, and Campbell
seed showed potent 1,1-Diphenyl-2-picrylhydrazyl (DPPH) free radical
scavenging activities compared to resveratrol (ICs= 16.9, 21.5, 21.9, 34.6
pg/mL, respectively). Especially, antioxidant effect of Kyho seed extract
appeared similar to vitamin C (IC5=12.2 pg/mL). Moreover, these
extracts also exhibited inhibitory activities of lipopolysaccharide
(LPS)-induced prostaglandin E. production and nitrite formation in
mouse macrophage RAW 264.7 cells at 50 pg/mL. In addition, Kyho
stem and seed extracts showed growth inhibitory activities in human
lung and colon cancer cells. These results suggest that grape extracts

have potential activities as antioxidants and anti-inflammatory agents.

Since reactive oxygen species, prostaglandins, and nitric oxide are
closely involved in various pathological conditions and play important
roles in the Initiation, promotion, and progression of carcinogenesis,
agents that modulate the production or activity of them might be
considered as cancer chemopreventive agents. In the present study, we
evaluated chemopreventive potential of some grape shoot extracts and
their refined materials using various in vitro assay systems. As a
result, both grape shoot extracts and refined materials possessed
effective radical scavenging activities about 70~80% at the
concentration of 500 pg/mL, and especially, the Sheridan shoot extract
showed the most potent 1,1-diphenyl-2-picrylhydrazyl radical
scavenging activity that was similar to resveratrol. In addition, refined
materials from grape shoot extracts suppressed

lipopolysaccharide-induced nitric oxide production in macrophage cells,



and refined materials from Kyoho and Campbell shoot extracts exhibited
similar inhibitory activities with ICsy value of 224 pg/mL and 285 u
g/mL, respectively. In addition, at the concentration of 50 pg/mL, all of
refined materials inhibited cell proliferation against various human
cancer cells about 30~40% compared to control. These findings suggest
that grape shoot extract and their refined materials might be useful
sources for the development of chemopreventive agents and/or functional

foods.

When a system developed in this study was simulated with
mathematical models and applied to the field, it was concluded that a
production-scaled system be available. The related technology have been

transferred to a company.
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Table 1-1. Contents of resveratrol in different parts of grapes

Resveratrol content

Cultivar Component
ug/g-dry weight pg/g-fresh weight
Flesh <1 <1
Skin 5 <1
Gerbong
Seed 6 4
Fruit stem 170 39
Flesh <1 <1
Skin 5 <1
Campbell
Seed 5 3
Fruit stem 411 121
Flesh 3 <1
Skin 8 1
Sheridan
Seed 4 2
Fruit stem 440 110

Notes) Each value represents the mean of 4 observations.
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Fig. 1-1. HPLC analysis of (a) standard trans-resveratrol and
(b) a grape extract from Campbell fruit stem. Retention time for

trans-resveratrol: 15.87 min.
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Table 2-1. Standards sieves for determining fineness of pulverized

materials
US standards Tyler Nominal sieve opening
sieve no. designation mm inch
4 4 4.76 0.187
6 6 3.36 0.132
8 8 2.38 0.0937
12 10 1.68 0.0661
16 14 1.19 0.0469
20 20 0.841 0.0331
30 28 0.595 0.0234
40 35 0.420 0.0165
50 48 0.297 0.0117
70 65 0.210 0.0083
100 100 0.149 0.0059
140 150 0.105 0.0041
200 200 0.074 0.0029
270 270 0.053 0.0021
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Table 2-2. Freezing dry conditions for grape

Drying parameter Condition
Freezing temperature -35T
Maximum pressure during drying 1.0 torr in 5 hr
Ending pressure 0.29 torr in 20 hr

Total drying time 24 hr
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Table 2-3. Moisture content before and after freezing drying

Final

Moisture content (%, wb)

Initial

component

Cultivar

6.60
3.77
2.42

83.9

Flesh

80.6
26.2

Skin
Seed
Fruit stem

Gerbong

5.57
472

77.0

82.6

Flesh

3.36
3.35
8.71
5.56
5.20
5.81
4.80

Skin 819
Seed 37.0

Fruit stem

Campbell

70.6

84.4

Flesh

Skin 80.5

Sheridan

42.0

Seed
Fruit stem

75.0

Notes) Moisture content: 3 replications
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Size reduction ratio

000 002 004 006 008 010 012
Charge rate (kg/L)

‘+Carmbel| skin —a— Canpbell seed —e— Kyho stem‘

Fig. 2-1. Size reduction ratio with respect to
charge rate for different components of

grapes.
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Fig. 2-2. Kick's constant versus charge rate
in pulverization of different components of

grapes.
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Fig. 2-3. Rittinger’s constant versus charge
rate in pulverization of different components

of grapes.
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Table 2-4. Models of Kick's constant with charge rate for Compbell grape

skin
Model Coefficient of determination
K =33.02¢ ~ 1% 0.927
K x=155.40¢ 6"« 0975
K x=16.05¢ 255 0.809

Notes) Kx: Kick’s constant (k]J/g)
q: charge rate (kg/L)

Table 2-5. Models of Kick’s constant with charge rate for Compbell grape

seed
Model Coefficient of determination
K x=21.85¢ 1 0.916
K x=T8.73¢ 131 0976
K = 11.99¢ ~%8.06¢" 0.777

Notes) Kk Kick’s constant (k]/g)
q: charge rate (kg/L)
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Table 2-6. Models of Kick’s constant with charge rate for Kyho grape

stem
Model Coefficient of determination
K =39.77¢ 0 0.840
K x=173.99¢ 2% 0919
K x=39.77¢ ™1 0.840

Notes) Kx: Kick’s constant (k]J/g)
q: charge rate (kg/L)

Table 2-7. Models of Rittinger’s constant with charge rate for Compbell

grape skin
Model Coefficient of determination
K p=14.11e %% 0.930
K p=68.51¢ ' 0976
K z=6.76¢ %1’ 0.814

Notes) Kg: Rittinger’s constant (kJ - mm/g)
q: charge rate (kg/L)

Table 2-8. Models of Rittinger's constant with charge rate for Compbell

grape seed
Model Coefficient of determination
K p=16.02¢ %% 0.917
K p=58.67¢ "¢ 0977
K x=8.7le —211.00¢* 0.778

Notes) Kg: Rittinger’s constant (kJ - mm/g)
q: charge rate (kg/L)
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Table 2-9. Models of Rittinger’s constant with charge rate for Kyho grape

stem
Model Coefficient of determination
K p=23.81e ™t 0.839
K z=109.18¢ %%« 0918
K p=11.74e —1168.764* 0.692

Notes) Kg: Rittinger’s constant (k] - mm/g)
q: charge rate (kg/L)

, S B d8E

Az e w AAZ L Fd JEE 2T FHEIT vusA S W 4
= A7t 34 s #F dAsteE Aow yewn FEFFe] 7.7%< A
W x50 Ads FstAs wW Fe YE7F 0351 mmolleH, oF e
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Table 2-10. Measured and predicted fineness of pulverized grape

components
Grape Moisture  NMeasured diameter Predicted diameter! (mm)
component Co(rj;e;nt (Standal("(rin I(Tilezviation) bymlj(iicel;’s by I?Ii]t(‘)ciilzclger’s
Campbel skin 77 0.351” (2.50) 0.346 0.347
Campbel seed 7.6 0.652” (2.03) 0.639 0.640
Kyho stem 9.8 0.460” (2.39) 0.424 0.429

Notes) " The diameters were predicted by using K= qe 71’@.

? Charge rate is 0.11 kg/L.
¥ Charge rate is 0.05 kg/L.
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1. Introduction

Resveratrol, trans-3,54-trihydroxystilbene, which i1s formed by the
Shikimic pathway with three molecules of malonyl-CoA and one molecule
of p—courmaroyl-CoA, is one of antifungal compounds in grapes (Langcake
& Pryce, 1976; Jeandet, Bessis, & Gautheron, 1991; Gerats & Martin, 1992;
Jeandet, Bessis, Shaghi, Meunier, & Trollat, 1995). In 1997, resveratrol got
a lot of press as a heart-healthy anticancer compound and the press
promoted the fruit of grape as the best source of the resveratrol (Cseke &
Kaufman, 1999). Grape wine which is known to have resveratrol extracted
from fruit skin of grape is being believed to be a very healthy beverage,
even though it may actually cause so-called French Paradox
(Lamuela-Raventés & Waterhouse, 1993; Goldberg, Tsang, Karumanchiri,
Diamandis, Soleas, & Ng, 1996; Pezet & Cuenat, 1996).

In grape, however, other parts may also be a source of resveratrol rather
than its fruit including flesh, skin and seed. Cho, Kim, Chun, Kim, Kim, &
Kim (2003) reported that the contents of resveratrol in peduncle, or fruit
stem, were 170 to 440 pg/g-dry material whereas those in skin and seed
were 4 to 8 pg/g—dry material and that in flesh was hardly detected.

Resveratrol can be extracted with alcoholic solvents. Of them, ethanol is
being mainly utilized due to the use of resveratrol as a food and health
ingredient as well as the efficiency of extraction. Romero-Pérez,
Lamuela-Raventds, Andrés-Lacueva, & Carmen de la Torre-Boronat (2001)
had investigated the effects of solvent type, time and temperature on the
extraction of resveratrol from grape berry skins. In their study, the highest
yield of resveratrol was obtained with ethanol/water 80:20% (v/v), out of 5
different types of solvents such as ethanol/water 80:20% (v/v), ethanol
10096, ethyl acetate/methanol 50:50% (v/v), acetone/water 75:25% (v/v), and
acetone 100%. In addition, they reported that the maximum recovery for
extraction of resveratrol was obtained at 60C in 30 min because a severe
condition in extraction with an ethanol/water could cause an adverse effect
due to its degradation.

In order to extract phytochemicals from plants, several different methods

are  being  utilized, including chemical methods (Romero—Pérez,
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Lamuela-Ravent6s, Andrés-Lacueva, & Carmen de la Torre-Boronat, 2001;
Cho & Hwang, 2000), physical methods (Cho, Kim, Kim, & Hwang, 1999),
enzymatic methods (Renard, Thibault, Voragen, van den Broke, & Pilnik,
1993; Sakamoto, Hours, & Sakai, 1995, Cho & Lee, 2002), and so on. In
general, chemical methods are more popular to obtain phytochemicals from
plants. Physical and enzymatic methods are being concerned as alternative
methods to solve problems related to environment and safety. Cho, Lee,
Ahn, & Pyee (2003) had studied on ultrasonication-assisted extraction of
pinosylvin, a stilbenoid phytoalexin, from pine leaves. They reported the
ultrasonication—assisted extraction at a room temperature was very
effective.

In this study, therefore, an ultrasonication-assisted extraction was
investigated to obtain resveratrol, a stilbenoid phytoalexin, from fruit stem
of grapes with an ethanol/water solvent at a lower temperature. Especially,

a new extraction was modeled with reaction Kinetics.

2. Materials and method

2.1. Mathematical modeling

In this study, it was assumed that resveratrol bound within cells could
be solubilized to free resveratrol by ultrasonication treatment in a chamber
with an ethanol/water solvent and then part of the solubilized resveratrol
would be degraded into lower molecular compounds. From this assumption,
the mathematical model for extraction of resveratrol can be described as

follows:

R % R O% C, 1)

where R is the resveratrol bound within cells, Rs is the solubilized
resveratrol, Cq is the lower molecular compounds degraded from the free
resveratrol, k; is the reaction rate constant for extraction of resveratrol, and

ko is the reaction rate constant for degradation of resveratrol into lower

_35_



molecular compounds.
Using first-order reaction Kkinetics, the differential equations for the
concentrations of the components involved within the reaction system are:

(2)

d[R

[dtb] = _kl[Rb]
d[R] _ _

dt _k][Rb] kz[cd] (3)
d[C,] _

dt - kz [Rv] (4)

Meanwhile, the law of mass conservation is:
(5)

(R, ]=[R,]1+[R]+[C,]

where [Rpo] is the initial concentration of the bound resveratrol, and [Rp],

[Cal are, respectively, the concentrations of the bound resveratrol,

[R<] and
solubilized resveratrol and degraded compounds at an arbitrary time.

Using equations (2) to (5), the following solutions are obtained.

[R,]1=[R,,]e™ (6)
—_ k1 kit _ kot
[RS]—[Rho]kz_kl (e —e™) -
k] =kt
e™) )

k, .
C,1=[R, J1+—2—¢™" +
[CA=R, A+~ e ko -k

1 2
2.2. Materials
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The fruit stem of grape was used as a resource of resveratrol. The
Campbell and Gerbong grapes which were two major cultivars in Korea
were selected. The materials were used in experiments after drying and
pulverizing. The prepared materials of Campbell and Gerbong fruit stems
had the moisture content of 7.7% (wet basis) and mean particle size of
0.319 mm, and the moisture content of 9.8% (wet basis) and mean particle

size of 0.329 mm, respectively.

2.3. Ultrasonication-assisted extraction

A solvent extraction system assisted by ultrasonication was introduced to
run at room temperature. An ethanol/water 80:20% (v/v) solution was used
as a solvent according to the previous study (Romero—-Pérez,
Lamuela-Raventds, Andrés—Lacueva, & Carmen de la Torre-Boronat, 2001).
The solvent ratio, or the ratio of sample weight to solvent volume, was 8
g/L. 14 W/L was the ultrasonic power provided by a ultrasonic processor
having the frequency of 47 kHz (Bransonic 5210, Branson Ultrasonic
Corporation, USA). After extraction, centrifugation (10,000 g, 15 min) and
evaporation  were  followed. n Meanwhile, the recovery by the
ultrasonication—assisted extraction was compared with that by the

traditional solvent extraction at 60C in 30 min

2.4. Analysis of resveratrol content

The content of resveratrol in the extract was determined by the HPLC
system composed of pump (Jasco PU-98), injector (Jasco AS-950-10),
detector (Jasco UV-975), integrator (Computer-Browin software), and
column (XterraTM RP18, 46 mm x 250 mm, 5 um). The extract was
solved in methanol and the solution of 20 pL was injected. The elution
profile was acetonitril/water 40:60% (v/v) for 8 min, acetonitril/water
10:90% (v/v) for 27 min, and acetonitril/water 40:60% (v/v) for 15 min
under the flow rate of 0.6 mL/min. The peak for resveratrol was detected
at 308 nm.
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2.5. Estimation of reaction rate constants

Experimental data on the ultrasonication-assisted extraction of resveratrol
were analyzed to determine the reaction rate constants, ki and kg, using the
Marquardt method (Draper & Smith, 1981) which was a linearization

technique for estimating the parameters of a non-linear equation.

3. Results and discussion

3.1. Effect of ultrasonication—assisted extraction

In order to analyze the effect of ultrasonication—assisted extraction, the
recovery by this method was compared to that by the conventional solvent
extraction (Table 3-1). Romero—Pérez, Lamuela-Raventés, Andrés-Lacueva,
& Carmen de la Torre-Boronat (2001) had already reported that the
adequate extraction was attained with ethanol/water (80:20%, v/v)
maintained at 60C for 30 min and the severe extraction condition which
had higher temperature or longer time than the optimum condition caused
the degradation of solubilized resveratrol.

As shown in Table 3-1, the ultasonication-assisted extraction for
resveratrol solubilized more than the solvent extraction with the condition
of 60C and 30 min, except for some conditions. As for fruit stem of
Campbell grape, the amount of resveratrol solubilized by the
ultasonication—assisted extraction for 3 min was 438 wg/g-dry material,
which was 1.241 times as much as 353 ug/g-dry material by the solvent
extraction with the condition of 60C and 30 min. As for fruit stem of
Gerbong grape, the recovery, or 171 pg/g-dry material, by the new
method for 10 min was increased by 30.5%, compared to that, or 131 p
g/g-dry material, by the traditional method. Similar to the traditional
solvent extraction, of course, the ultrasonication—assisted extraction had a
constraint in the aspect of extraction time because longer duration might

cause the degradation of solubilized resveratrol.
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Table 3-1. Comparision of the recoveries by the ultrasonication—assisted

extraction with the conventional solvent extraction at 60°C for 30 min

. Extraction time  Resveratrol content Relative recovery
Raw material

[min] [ng/g dry material] [%]
1 354 100.3
3 438 124.1

Fruit stem of
5 413 117.0

Campbell grape
10 397 112.5
15 279 79.0
1 123 93.9
3 158 120.6

Fruit stem of
5 166 126.7

Gerbong grape
10 171 130.5
15 167 127.5

Notes) Relative recovery is the percentage of resveratrol recovery by
ultrasonication—assisted extraction over that by solvent extraction with the condition
of 60C and 30 min (353 pg/g-dry material for Campbell grape and 131 pg/g-dry
material for Gerbong grape).

3.2. Estimation of parameters in the models

Table 3-2 shows the statistical estimation of parameters in equations 6, 7
and 8. The reaction rate constants ki and ks for the extraction and
degradation of resveratrol were 0.7797 min ' and 0.06481 minfl, respectively,
for fruit stem of Campbell grape, the standard errors of which were 0.1795
and 0.01510, respectively. Herein, the ratio of extraction rate to degradation
rate, or 0.7797/0.06481, is 12.0. This means that the degradation of
solubilized resveratrol is negligible within a certain extraction duration
because the ratio is very large. However, the amount of degradation might
still be seriously considered beyond it.

For fruit stem of Gerbong grape, the reaction rate constants ki and kg, or
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0.4773 min' and 0.03713 min’, for the extraction and degradation of

resveratrol were about a half values

compared to fruit stem of Campbell

grape. The difference between two cultivars might be due to hardness of

tissue. The standard errors for these parameters were 0.1051 and 0.00989,

respectively. Also, the ratio of ki to ke, or 12.9, was very high, similar to

that for fruit stem of Campbell grape.

Table 3-2. Statistical estimation for reaction rate constants in the models

for ultrasonication-assisted extraction of resveratrol

Fruit stem of Campbell grape

Fruit stem of Gerbong grape

Reaction rate Reaction rate

constant k; [min'l] constant k [min'l]

Reaction rate Reaction rate

constant k; [min'l] constant kj [min'l]

] Standard ) Standard ] Standard ] Standard
Estimate Estimate Estimate Estimate
error error error error
0.7797 0.1795 0.06481 0.01510 | 0.4773 0.1051  0.03713  0.00989

Notes) ki and ko designate the reaction

rate constants for the solubilization and

degradation of resveratrol in the reaction kinetics of extraction, respectively.

Table 3-3. Statistical evaluation on the models for resveratrol extraction

Fruit stem of Campbell grape

Fruit stem of Gerbong grape

Coefficient o Coefficient o
Significant Significant
of F value . of F value .
o probability o probability
determination determination
0.941 64.5 0.0013 0.915 42.9 0.0028
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Fig. 3-1. Measured and predicted amounts (Ug/g-dry material) of
resveratrol extracted from fruit stem of Campbell grape with respect to

time when the ultrasonication—assisted extraction was applied.
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Fig. 3-2. Measured and predicted amounts (Ug/g-dry material) of
resveratrol extracted from fruit stem of Gerbong grape with respect to

time when the ultrasonication—assisted extraction was applied.

When the models for extraction of resveratrol were statistically evaluated,
it appeared to be highly significant. Table 3-3 shows their coefficients of
determination and F values. In the analysis of variance on the models for
resveratrol extraction from Campbell and Gerbong grapes, F values were

64.5 and 42.9, respectively, indicating the highly significant difference at the
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level of 0.01. The coefficients of determination in the models analysis for
two cultivars of grapes were 0.941 and 0915. Fig. 3-1 and 3-2 show the
measured and predicted amount of extracted resveratrol for Campbell and

Gerbong grapes, respectively.

4. Conclusion

Fruit stem contains more resveratrol, a stilbenoid phytoalexin, which will
be used as a health ingredient, than other parts such as fruit skin and seed
in grapes. Since resveratrol is well-solubilized in a solution with ethanol
and water 80:20% (v/v), the solvent is being frequently used to extract
resveratrol. When an ultrasonication—assisted extraction of resveratrol was
investigated in this study, this method exhibited more efficiency than the
conventional solvent extraction with ethanol/water (80:20%, v/v) maintained
at 60C for 30 min. The recovery of resveratrol was increased by 24 to
3096, and also, particularly, the new method is very safe because of
operating in the room temperature.

The reaction rate constant for extraction of resveratrol from fruit stem of
grapes was 10 times more than that for its degradation during extraction.
In an ultrasonication—assisted extraction of resveratrol, its degradation may
be negligible within a certain extraction time. In this study, the recovery of
solubilized resveratrol was 80% of the total resveratrol while its
degradation was 13%. The ultrasonication—assisted extraction of resveratrol

in this study was considered to be very effective.
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Table 4-1. Yield and purity of extracts of Gerbong grape

Raw Meterial Separation method Yield” (%) [R]” (ug/mL)

Centrifugation 32.7 N/A

MF with 0.22 pm 45.7 N/A

MF with 0.10 pm 45.1 N/A

Grape pomace MF with 0.05 um 404 N/A
MF with 0.025 pm 37.2 N/A

Filtration with Cis 39.0 N/A

Elution with Cig 0.5 N/A

Centrifugation 25.0 0.225

MF with 0.22 pm 23.9 0.267

MF with 0.10 pm 23.7 0.285

Fruit stem MF with 0.05 pm 21.6 0.222
MF with 0.025 pm 21.6 0.229

Filtration with Cig 22.6 0.229

Elution with Cig 0.4 N/A

Notes) Recovery yield based on raw material

2 . .
' Resveratrol concentration based on recovered material
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Grape extracts

l

Solubilization in water (extracts:water=1:30)

l

Stirring for 30 min at room temperature

l

Centrifugation (10,000 g, 15 min)

l

Water—insoluble materials

l

Drying

l

Refined materials

Fig. 4-1. A purifying procedure of grape extracts.

Table 4-2. Yield and purity of extracts and refined materials of grape

peduncle
Campbell grape Gerbong grape
Extracts Reﬁn_ed Extracts Refm.ed
materials materials
Yield" (%) 35.7 2.6 31.3 29
Content of
resveratrol 1.23 16.8 0.51 5.45
(mg/g)

Notes) “ based on raw materials
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FE2S PUAFCR Az 9d FLEE 24 AEaut B
cmHge] A=A FWEEHHAS u ZWe o 027 hasdrh 5w

Table 4-3. Yield and moisture content of evaporated extracts

Moisture content

Cultivar  component %) Yield" (%)
Skin 7.61 46.15
Gerbong Seed 5.36 12.97
Fruit stem 7.69 21.03
Skin 7.57 60.24
Campbell Seed 4.59 7.01
Fruit stem 7.66 20.36

Notes) = Based on dry weight of raw material

o] FEEo FrH0l e dauZtEEe] e FEAIIV A& 9
A, MF, SPE, <83 &8 5
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. Aok

Dulbeccos modified Eagle medium (DMEM), Minimum essential medium
with Earles salt (MEME), fetal bovine serum, non-essential amino acid
solution, L-glutamine, trypsin~EDTA %< GIBCO-BRL (Gaithersburg, MD,
USA)ol A F93st9th. 1,1-Diphenyl-2-picrylhydrazyl (DPPH), vitamin C,
lipopolysaccharide (LPS), N-(l1-naphthyl)ethylenediamine, sulfanilamide,
sodium nitrite, MTT, sulforhodamine B (SRB) < Sigma (St. Louis, MO,
USA)ol A F+93t ). Prostaglandin Ex (PGE2) 9} PGEs-acetylcholinesterase
tracer= Cayman Chemical Co. (Ann Arbor, MI, USA)ol A FLata, 8
-PGE; A= (FHF L7 =dTA22TEH Al gwo} ALE-SF3H

o TR A

AT EES A3 sy RS £45d0 42 HPLCH (Oregon
State Universityoll A A A) o2 o]FoHth A& o mo dAEST &

2 (045 um)ste] HPLC Al 2=®lol] F 38t}
2k AE e

np9-2 A A EF91 RAW 264.78 10% FBS7F % Dulbeccos modified
Eagle medium (DMEM)ol| A 37C, 5% CO, %7 3&tollA Ah wj<kstad i, AF
#F HAGAEFI A549 H o GAEFS Col2e 10% FBS7F ¥3hd
Minimum essential medium with Earles salt (MEME)E o] &3}o] &2 =71

ol A Alth wj Fakdet.

rot
o
24
Lot

u}. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) =&] 2]z A7 g 2

59 77}

-

%% Dimethyl sulfoxide (DMSO)ell ¢l t}
7tS 96 well plate] ¥ttt 1 thg &3
olgh&el] =<2l DPPH €942 HF s%7F 300 uMo] H =5 7hstdinh o] 5
Microplate reader (Bio-Rad)& ©]-&3}¢] 515

S al
nmell A FFAE=E SAHIYT. dEzRTeZ DMSOE  AlEsisien %
Inhibition &9 FF =9 A5 FHFEE vuste] ot 2927
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= ICx #ho= FEAISto] 2 A|Re] 285 Frhekivh

w}. Lipopolysaccharide (LPS)ell 23] #F=% cyclooxygenase-2 (COX-2) A
&4 A

RAW 2647 AXE ImL 2 5x10°70 & 3413te] 96 well plated] =A%
o}, ojuf Aol FtES[HE cyclooxygenase (COX) 49 A4S A8 ¢
slo] #F FEsF 500 uMe] HE% aspiring 2413 T A 244 1F
Fob wjks & F e A XZE phosphate-buffered saline (PBS)Z 2W A3
atil 5% FBS-DMEM< 7Fstal LPS (1 pg/mL)¢t A Al5& FAll A
&tk o w dxadd= LPSE i%fﬂé}xl erotom thza 2 LPS A o

Zaol= DMSOE 7Fetth. A& A el & 204 7ke] A s dF4S 3
F3te] A Aol F2l¥ prostaglandin E; (PGE2) 9] ¥& tho] AW EH
Moz At = F-PGE, A7 F2=0] 9= plated] ZF wello] 3
T3k AF A3 PGE,- acetylchohnesterase tracerE 4ol A2olA 18A7F o)A+
k3t oS ZF well2 0.05% Tween-20-PBSZ 53] A2 3}1 Ellmann Al Y
= 7Fsto] TAIZE EF miFetal 405 nmelA FEEE SAsIAY. PGE: %+
Fom AFdE AAdste 4 Als Agated Ao PGE: A4 HFs Tt om,
LPSE A &7 LPSE AgstA ¢ dixatelA A4% PGE: 49

= 3to] 7zt Alse] PGE; A4 Al&S Tatsith

AL LPSe) 9 & %9 inducible nitric oxide synthase(iNOS) # 3] &4 71

RAW 264.7 Al¥ % phenol red7} ¥3%t5 o] dAx &-& DMEMe] 1 mL
x10°707F H =2 dgsle] 24 well plateo]l 24A17F B9 RZAAC
AEZE PBSE 23] A3 g FBS7F g5 A & DMEM<S 7}
LPS (1 pg/mL)¢t A=E sAldl A#ste] 20/ 7F &t widstdnt. o
o= LPSE AgsA @koem dixzw % LPS Ay iz
DMSOZ 7hstict wiek % 96 well plated] welld A5 HS 100 uL® 713k
3 Griess Al (5% HPO, £99 =9 02% N-(1-naphthyl)

ol o

ethylenediamine &3} 0.2% sulfanilamide &%& Z& H|&=2 S 2)&

)

° % ko

5
+l
s al
uf

180 uLA 7late] 1087 7 B0l & o 540 nmol A FHES =7
3t Sodium nitriteE ETESZE 6}04 AFAES ZAAst] AlF A2+l
Aol FREE nitrited] sEEA BAee] AR, LPSE Ad @ tlxE

I} LPSE A s+ &2 tzTodA AAAH nitrite el ZolE 7o 2 F

_52_



of 7t Aol NO 44 Adl 2L TaAd

l

o}. Sulforhodamine B (SRB) HE o]&3t A A As) H7}

A HAGAEZF AS49 2 NFUAELF Col2E 1 mL F 5x10'77F
=% MEME WA 2 3435t Azt 874 96 well plateo] ¥ 39 ot uj
FatAh Te 2 16 wellol Ao AFEsI W AEZ A
¢t v %¥FElo] zero day control® sl Th. HRFE A|3Eo| T
27 10%7F S =S 7Fe the 4Tl A 1417 Bt vk A1A M
At 14 ¥ 04% SRB &40z gy A" AEE 10 mM
Tris-base (pH 10)& 7Fate] &3iA1Z1 th3 515 nmolA F3=E FA3SHA
o} 10% DMSOE A3t & txd o= stof, dx=a7} zero
kol & Vo2 ARE A 7oA Ax AEES TS

ay control®]

o

Ap w2 9o A TPA A gell o3k COX-2 &d A& €437}

ICR "}$92 59 €& 228 clippers o] &3] zhol A AL 2443+ &
I/ AAES F A & (10 mg, 50 mg/0.2 mL)E acetoneo] o] n}
17 & acetoned] =<1 TPA(10 nmol/0.2 mL)E
Al =EEATE 4A1ZE 3 ICR P28 SAAA 955 Ao 435 9
ol A1 connective tissue, fatsE A A3 & F&do 7| A AL} A
o2 EHYAZ A B gErt ¥ 335 TRI REAGENT e Wof |
27 #&@3A 71 3 chloroform¥ isopropanols ©]&3Fe] RNAE FZ3 v
, 260 2 280 nmolA B EE Aol RNAY % % =5 ZAAFA
t}. RT system(Promega) ©]-&3F] RNA 1 pugS cDNAZ GAAAZ] g,
I % 1 pugS Tag DNA polymeraseE ©]&3lo] PCRE A A5t PCR Wt
S AL COX-29 AF 94ToA 45%7F denaturation ¥, " cycle B 94T
ol A 15%, 57Tl 18, 72TCol A 18#o] HEZ A o] F 33 cycles 423
3 AL, fractin® &2 2704 33 cycleg F33F T PCR productsE 2%
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o G T BESA T A3 primer?] sequence™ U3 Uk

-10
[>
ol
_}-U
B>
k1
b
p‘L
}11
?

oo Mo

[o

_53_



_ Product
Target gene| Primer Sequences .
size (bp)

Sense 5'-GGAGAGACTATCAAGATAGTGATC-3'
COX-2 861
Antisense| 5'-ATGGTCAGTAGACTTTTACAGCTC-3'

Sense 5'-TGTGATGGTGGGAATGGGTCAG-3'
B-Actin 514
Antisense 5'-TTTGATGTCACGCACGATTTCC-3'

EE AdE Aol 23] o wbEeelal, oAb whE AgelM o] Fef

ZHESEMo 2 3ttt ok )2z A X9 ZFo]+= Students t-test®= H|
watR o thzFI vuste] p<0.05Yd W FASIYH o R fFoAle] vt T
At ATt

3. 4% A7

Table 5-1& FZ&% 9 phenolics®} procyanidinsell th3at A EEAS 3 A3
oty HEA FFE FHFS FAHE MAIuW ¥ FHo|7tx 7} 11851
mg/100go.2 74 ®kar, A 470.1 mg/100g, A2 122.8 mg/100ge] To =
Tkom, 3}5 498 mg/100ge2 7Hd AUt old Axs = w, 1xd

8
T A BAS dawBtEES] S Fo] Y Rk Exo A7}

_54_



Table 5-1. Contents of phenolics and procyanidins in the different parts of
Campbell grapes
Unit: mg/100g

Chlorogenic

Chlorogenic Coumaric

Component A ~like Catechin Epicatechin . Caffeic acid Procyanidins Total
acid acid
compounds
Stem 36.2 115.7 211.9 98.5 3.0 - 719.8 1185.1
Skin 55 68.0 28.6 - 5.1 15.6 - 122.8
Seed 1.0 - 69.4 99.7 - - 300.0 470.1
Flesh - 14 - - - - 484 49.8

U, X% F2EE59 DPPH =g oz 24 &4

it

ol Xk FEE
oA HuA kA
gz 24 8%

2 A3} Table 5-2 ¥ Fig. 5- loﬂ vER a}g} 2ol A&7, AAE

A D AFH FEFEEL 500 pg/mLollA 70~80% HE< =g gz 2A
= HEAT o] T As=7], AEXA, ATH F=
g/mL A% 2 e} resveratrol (ICs =34.6 pg/mL)X.t} &4E3F z2Fgo] 4=
L, 53] ABA FEEL vitamin CoF A9 A 28-S el

5 dolny] 9lshe] 789 E: o@e
=g gozs FAsk= DPPHE 01%6}04 FEEEY
) z|
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Table 5-2. Effect of various grape extracts on

1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging activity

Free radical scavenging activity

Sample (% Inhibition) 1Cso (ng/mL)
Kyho stem 899 +£ 0.2 21.5
Kyho seed 729 + 2.3 16.9
Kyho skin 41.7 £ 3.1 >500

Campbell stem 719 £ 14 87.3
Campbell seed 76.9 £ 0.7 21.9
Campbell skin 541 £ 14 446.7
Resveratrol 77.5 = 0.1 34.6
Vitamin C 899 + 0.2 12.2

Notes) Free radical scavenging activity of test sample was determined relative to
DMSO-treated control groups. Each value represents mean + SEM (n=2).
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Fig. 5-1. Effect of various grape extracts on 1,1-diphenyl-2-picrylhydrazyl
(DPPH) free radical scavenging activity. Grape extracts were incubated
with DPPH ethanolic solution (300 pM) at 37C. After 30 min, absorbance
was measured at 515 nm. Free radical scavenging activity of each sample
was determined relative to DMSO-treated control groups. Each value

represent mean * SEM (n=2).
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. ¥& FEEE59 lipopolysaccharide (LPS) A lo 2|3t PGE, A4 A 3l
Rl

Table 5-3 % Fig. 5-2¢ Yepd vpe} o], & FEE5S 50 pg/mLo
FZo A cyclooxygenase-2 (COX-2)9ll 2]t prostaglandin E; (PGE2)¢] A4
S dASAT. A=V, AEA, AAA FEES 50 pg/mLelA 60~70%
o] PGE, A4 oA 2dE e, AME7] FE2ES 40% A
A &S YA A gt oz AFEE celecoxib 2 resveratrol 1Cs
ol Zt 09 ng/mL¥ 19 pg/mL= WY PGE, A4& adAe=z AAE

£

Table 5-3. Effect of various grape extracts on LPS-induced prostaglandin
E.; (PGE:) production in RAW 264.7 cells

Sample % Inhibition at 50 pg/mL ICso (ug/mL)
Kyho stem 72.0 + 3.3 NT”
Kyho seed 613 = 1.3 NT
Kyho skin 11.2 £ 11.1 >50

Campbell stem 419 £ 0.8 >50
Campbell seed 594 + 0.8 NT
Campbell skin 00+ 14 >50
Resveratrol 100.0 = 0.1" 1.9
Celecoxib 100.0 + 0.3” 0.9"

Notes) Each value represents mean + SEM (n=3).

? 9% Inhibition at 10 pg/mL

;) % Inhibition at 100 ng/mL
Not tested

¥ Concentration: ng/mL
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Fig. 5-2. Effect of various grape extracts on lipopolysaccharide
(LPS)-induced prostaglandin E» (PGE® production. RAW 264.7 cells were
stimulated with LPS (1 pg/mL) in the presence or absence of test
samples. After 20 hr, the amount of PGE; in the supernatants was

determined by enzyme immunoassay. Each value represent mean * SEM
(n=3)
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2}, LPS A gl 98] F=% inducible nitric oxide synthase(iNOS)ol| ©j3dl &
j s

FEEEe A% 84

X% FZEEE0°] inducible nitric oxide synthase (NOS)o| 2]&] A==
NO9| && drtvt FAATI=AE vh¢2 A AIEQ RAW 264.7 cell& ©]
£3Fo] elste] Bttt A& Ay Table 5-4 ¥ Fig. 5-3014 & & gl%o]
AE=71 AN FEEELS 50 pg/mLelA NO A4S 50% A% A3 at
KL, AEY FEEE RS NO B4 Al 2Hgs Hetdide o didxx
o A resveratrol 1Cs°] 2.1 pg/mLE YEFSETE

Table 5-4. Effect of various grape extracts on nitrite formation in

LPS-stimulated mouse macrophage cells

Sample % Inhibition at 50 pg/mL ICso (png/mL)
Kyho stem 57.7 + 0.9 NT?
Kyho seed 50.8 £ 7.5 NT
Kyho skin 17.0 £ 4.6 >50
Campbell stem 11.0 £ 3.8 >50
Campbell seed 455 £ 2.6 >50
Campbell skin 284 = 1.2 >50

Resveratrol 89.5 + 0.7 2.1

Notes) Each value represents mean £ SEM (n=4).

Y % Inhibition at 10 pg/mL
? Not tested
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Fig. 5-3. Effect of grape extracts on nitrite accumulation in LPS-stimulated
RAW 264.7 cells. RAW 264.7 cells (5x10° cells/ml) were plated in 24 well
plate for 24 hr and then incubated with LPS (1 wg/ml) and test samples
simultaneously. After 20 hr, the nitrite accumulation of cultured media was

determined by Griess reaction. Each value represent mean + SEM (n=4).
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Table 5-5. Effect of grape extracts on cancer cell proliferation

Cell line A549" Col2?”
Sample % Survival at ECs (ug/mL) % Survival at ECs (ug/mL)
50 pg/mL 50 pg/mL

Kyho stem 67.1 £ 2.2 >50 72.0 £ 1.2 >50

Kyho seed 70.6 £ 3.4 >50 743 + 0.7 >50

Kyho skin 909 + 34 >50 87.6 + 8.4 >50
Campbell stem 86.3 £ 1.0 >50 912 + 34 >50
Campbell seed 76.7 £ 2.5 >50 852 £ 2.7 >50
Campbell skin 88.9 + 1.9 >50 87.4 + 2.8 >50

Resveratrol 68.2 = 6.6” >20" 818 + 1.47 >20"

Ellipticine 0.0 + 0.3% 0.2 0.0 = 1.3V 0.8

Notes) Human cancer cells were incubated with or without test samples for 72 hr.
Cell viability was determined by sulforhodamine B (SRB) dye staining
method and calculated relative to DMSO-treated control groups. Data
represent as mean + SEM (n=3).

D" A549: Human lung carcinoma

? Col2: Human colon carcinoma
¥ 9% Survival at 20 pM
Y 9% Survival at 10 pg/mL

Concentration: pM
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Fig. 5-4. Effect of Kyho stem and Kyho seed extracts on proliferation of
A549 (A) and Col2 (B). A549 (human lung carcinoma) and Col2 (human
colon carcinoma) cells were incubated in the presence or absence of test
samples for 72 hr. Then, cells were fixed by 10% TCA and stained with
0.4% SRB solution. Dye was dissolved with Tris base (pH 10), and the
absorbance was measured at 515 nm. Cell viability was determined relative

to DMSO-treated control groups. FEach value represent mean + SEM
(n=3).
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Fig. 5-5. Effects of test materials on expression of COX-2 and [-actin.

AEFE X A= d2Fg 47 S 2 AW ARE fstel g

g3, AAE aspirin, morphine, ephedrine 53 o] ¢ &
3L
=l

Al frale ofokFe] dAlolE AW A5 de &&% i k. #H ROS ¥
ofe] 9% #d wifA Sl AL AWl DS A#H JvkE oAy AT

polyphenold 33&EE2 4its) = ,
284S Yl Ad83A 28 2 9o A5 9 AR
o] we A7t ol FolAal drh21-22). °] T E%E° F2 polyphenol 4

2l resveratrol> XEF9o AHETA A3 o Lo FQ 3T AR
= 3]

_64_



, Y= 25H resveratrolS

= s
F2ES Suse] AF ¢ dEon 43 o Ul @
ek, ;

o] &4 9 wWols doA oy HIAA 4 dE 2 <

He Aog I8 Jdoerg B AfFo| A= ethanol £ FolA <t R free
radicals P43t DPPHE ©| &3t X% FEE59 Fikst 58S H7t
stdvd, X FEE T AeE7], AWz, g9 9 AN FEEE]
DPPH free radicals 2Ast= 58S YU 1 T AKX FEES
vitamin C} &g o] fFAFSHA YElY &4kst @50 58S & F At
ROS¢F ti&9] PGs % NO¢F 22 95 g wWMAE: ZosiA A4<E 74
- ZhE Hgo Yoz duA Jornz wes giAME

—~ N
l-«O
=
=
=
S
N
]

A=
cell ol gato] X® FEE
SeAE Fesgo

1
g/mLel A PGE, % NO A4S 50% 71 Adfiste &S Ytk &
&

a1
(@)
=

)

resveratrolo] AIE AFS At 252 7HA I At oy A B
of wet Ayt #HlY B Y AEFE ol&ste] Xk FEEFC] dAE A
d A E3E vedleAE @lgded AsE7] 2 A FEE 50 u
g/mLel A 30% A= tAE A Asf 2HESs JEtlATh webd xw
EE52 ZHAQ SAE A AEs vEd e AdoEA o&
ZEA7F Avtar & ¢ itk gy 2 FEEE kst adeke gy 4
= BES wiZNAl A R IdAME A Al a3 resveratrolel H]3to] 1 &
Aol Wolx = Ayl yged ol ¥x FEE AA} obz eAdaEA &

o

o

a2 AR AE Wl AT 59| resveratrolell Hlske] "ol A 7] wiEQl
Aoz AZtAY, e Fa FEEEY FAE 539 resveratrold A3

= FEEY 50| ojFod F s Ao AZEHM,
EE 5L resveratroldl A 71U E = @43 ddF 2 G

A= 715 HF L GEY AR2A el ol §

_65_



5 8¢9

ol
25
)
ot

AN AR AR L AW T2 A, F7]
9% B A A

A=}

>
>
B
2
o
=
i
B
>
ey
o
o
=
!
x
X,
S
L)
%
oft

N o2
N

iiﬁl tfd
Mo
H A
of\ of
A

et

& vitamin CoF &9 o] FAFeHAl vEl Y @Akst 25

F AdATh = upes PAAHETQA RAW 2647 cellS ©]&314
EE59 LPS Aol ofgt PGE; ¥ NO AHS A3l oAF& &gt
=7, ASA, 2 AR FEF=o] 50 pg/mLolA PGE: ¥ NO A
g Aot oS YERATE e AbgE #H o 2 it Alx
of X% FEEE X AF A3 2HdE YEHEAE S5

BZ7] D A FEE 50 pg/mLolA 30% AL dAME A A

o
by
k1

o
*
Mo

X ot my a2 of

oz

50

o

e ‘W
3R ok
ofo
)

rir
=
A

O

ol

1 Aee

_66_



A6 d F==2 54 2

1. Introduction

Cancer chemoprevention is defined as the use of non-toxic bioactive
compounds derived from natural products or synthetic molecules to retard,
reverse, or suppress the process of carcinogenesis (Morse and Stoner, 1993;
Surh, 1999). It has been known that carcinogenesis is a multi-step process
that progress gradually for over twenty years, and it may have limitations
to the treatment of cancer, especially at a late stage. In this respect,
chemoprevention have been regarded as a novel strategy to control, and
ultimately, overcome cancer.

Chemopreventive agents can affect in each step of carcinogenesis with
unique mechanism of action to modulate related biomarkers. Recent studies
suggest that reactive oxygen species (ROS), prostaglandins (PGs), and
nitric oxide (NO) play important roles in the process of carcinogenesis
(Dreher and Junod, 1998; Dubois et al, 1998; Dannenberg et al, 2001;
Kroncke et al, 1998). Although these molecules have been known to
mediate tissue homeostasis and cellular signal transduction (Lander, 1997),
they can also participate in various pathological conditions. For example,
sustained damages of DNA, cell membrane, and protein, which are caused
by ROS, can initiate and promote the transformation of normal cells to
cancerous cells (Dreher and Junod, 1998). In addition, over-expression of
inducible isoforms of cyclooxygenase (COX-2) and nitric oxide synthase
(INOS) can produce PGs and NO excessively, and over—-produced NO and
PGs can be important mediators to promote and progress carcinogenesis as
well as to provoke chronic inflammatory responses (Dannenberg et al.,
2001, Kroncke et al, 1998). Thus, agents that modulate the production or
activity of ROS, NO, and PGs, including free radical scavengers and
inhibitors of COX-2 or iINOS, might be considered as cancer
chemopreventive agents.

It has been known that natural products have served as a source of lead
compounds for developing new therapeutic agents. Many efforts are also in
progress to develop cancer chemopreventive agents from natural products
and dietary substances, which isolate active principles or synthesize

compounds by the modification of compounds from natural products, and
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evaluate their biological activities using various in vitro assay systems
(Kinghorn et al, 1998; Lee et al, 1998; Gerhauser et al, 2002; Rimando et
al, 2002). Recently, naturally occurring compounds, such as polyphenols,
isoflavones, curcumin, sulforaphane, and resveratrol, have been shown to
possess cancer chemopreventive activities (Surh, 1999; Kelloff et al, 2000;
Kwak et al, 2001, Lambert and Yang, 2003). Among them, resveratrol is a
phytoalexin that occurs in grapes and roots of Polygonum species
(Fremont, 2000). Resveratrol shows various biological properties, including
antioxidant effects such as free radical scavenging and inhibition of lipid
peroxidation, anti-inflammatory activities through inhibition of COX and/or
INOS, anti—proliferative effects against various human cancer cells, and
cancer chemopreventive activities (Jang et al, 1997, Martinez and Moreno,
2000; Gusman et al, 2001; Joe et al, 2002). Therefore, resveratrol may be a
lead principle for developing new therapeutics, preventive agents, and
functional foods. However, it is difficult to obtain large amount of
resveratrol from grapes themselves because of low vyield and
time—consuming extraction processes. In accordance with this respect, many
studies are underway to develop more effective processes for which are
able to produce and extract larger amount of resveratrol from grapes.
Previously we reported antioxidant and anti-inflammatory potential of
some grape extracts (Min et al, 2003). On the basis of this, in this study,
we further developed a refining process of grape shoot extracts, and
evaluated chemopreventive potential of various grape shoot extracts and
their refined materials with antioxidant, anti-inflammation, and

growth-inhibition against human cancer cells.

2. Materials and methods

2.1. Chemicals

Dulbeccos modified Eagle medium (DMEM), minimun essential medium
with Earles salt (MEME), Roswell Park Memorial Institute medium 1640
(RPMI medium 1640), fetal bovine serum (FBS), non-essential amino acid
solution, sodium pyruvate, L-glutamine, antibiotics—antimycotics solution,

and trypsin-EDTA were purchased from Invitrogen Co. (Grand Island, NY,
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USA). 1,1-Diphenyl-2-picrylhydrazyl (DPPH), vitamin C, gallic acid,
lipopolysaccharide (LPS, E. coli 0111: B4), N-(1-naphthyl)ethylnenediamine
dihydrochloride, sulfanilamide, sodium nitrite, bovine serum albumin,
sulforhodamine B, and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) were from Sigma (St. Louis, MO, TUSA).
L-N“-mono-methyl arginine (L-NMMA), prostaglandin E; (PGE,), and
PGEs-acetylcholinesterase tracer (PGE;-AchE tracer) were from Cayman
Chemical Co. (Ann Arbor, MI, USA). Anti-PGE. antibody was kindly
provided from Pacific Corporation R&D Center (Kyounggi, Korea).

2.2. Cell culture

Murine macrophage RAW 264.7 cells, human lung carcinoma (A549),
colorectal carcinoma (HCT 116), colorectal adenocarcinoma (HT-29),
fibrosarcoma (HT-1080), and stomach adenocarcinoma (SNU-638) cells
were obtained from American Type Culture Collection (ATCC, Manassas,
VA, USA) or Korean Cell Line Bank (KCLB, Seoul, Korea). RAW 264.7
and HT-1080 cells were cultured in DMEM. HCT 116, HT-29, and
SNU-638 cells were maintained in RPMI medium 1640, and A549 cells
were cultured in MEME. All media were supplemented with 109
heat-inactivated FBS and antibiotics. Cells were incubated at 37°C, 5% CO:
in the humidified air.

2.3. Preparation of test materials

Dried Campbell, Kyoho, and Sheridan grape shoots were pulverized, and
then mixed solvent (ethanol: H-O = &8 2) was added to each pulverized
shoot in the ratio of 8 g of shoots with 1 L of solvent. The suspension
was sonicated for 10 min and filtered off non-extractable materials using
Whatman No. 2 filter papers. The filtrate was centrifuged at 10,000 g for
15 min, and the supernatant was collected and then concentrated in a
decompressed condition at 40°C. Extracts were dried in the oven for 4 hr,
weighed, and then stored at a low temperature. For preparing refined
materials, 1 g of extracts from grape shoots was added to 30 g of water

and mixed well at room temperature. The mixture was centrifuged at
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10,000 g for 15 min, and then non-extractable materials were collected.
Thereafter, the refined materials were dried and stored at a low

temperature.

2.4. Evaluation of the antioxidant potential of test materials

The antioxidant properties of test materials were evaluated by
1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging activity (Lee
et al., 1998). Test materials, dissolved in DMSO, were incubated with 300
UM of DPPH ethanol solution at 37°C for 30 min in 96 well plates. The
absorbance was measured at 515 nm. % Inhibition, the degree of radical
scavenging by test groups, was determined by comparison with
vehicle-treated control group. ICs values, which denote the concentration of
test samples for bringing to scavenge 50% of DPPH radicals, were
calculated using non-linear regression analysis (% inhibition versus

concentration). Vitamin C and gallic acid were used as positive controls.

2.5. Nitrite assay

To evaluate the inhibitory activity of test materials on LPS-induced NO
production, RAW 264.7 cells in 10% FBS-DMEM without phenol red were
plated in 24 well plates (5x10° cells/ml), and incubated for 24 hr. After
incubation, cells were washed with PBS, replaced with fresh media, and
then incubated with 1 pg/ml of LPS in a presence or absence of test
samples. After additional 20 hr incubation, the media were collected and
analyzed for nitrite accumulation as an indicator of NO production by the
Griess reaction (Green et al., 1982). Briefly, 180 upl of Griess reagents
(0.19%6 N-(1-naphthylethylenediamine dihydrochloride in H.O and 1%
sulfanilamide in 5% HsPO,) were added to 100 upl of each supernatant from
LPS or sample-treated cells in 96 well plates. The absorbance was
measured at 540 nm using microplate reader (Bio—-Rad Laboratories,
Hercules, CA, USA), and nitrite concentration was determined by
comparison with a sodium nitrite standard curve. 9% Inhibition was
expressed as [1-(NO level of test samples / NO levels of vehicle-treated

control)]x100. The ICsy value, the sample concentration resulting in 50%
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inhibition of NO production, was determined using non-linear regression
analysis (% inhibition versus concentration). NG*monomethylfL*arginine

(L-NMMA) was used as a positive control.

2.6. Measurement of cell viability (MTT assay)

To examine whether the inhibitory effects of test samples on
LPS-induced NO production were related to their cytotoxicity, cell viability
was determined directly by the mitochondrial-dependent reduction of MTT
to formazan (Alley et al., 1988) in this assay system. After Griess reaction,
MTT solution was added to the media (final 500 pg/ml) and then
incubated at 37°C for 4 hr. The media were discarded, 1 ml of DMSO was
added each well to dissolve the formazan, and then absorbance was

measured at 570 nm.

2.7. Measurement of the inhibitory activity of test samples on LPS-induced
PGE: production

RAW 264.7 cells (5x10° cells/ml) were seeded and incubated in 96 well
plates for 24 hr. Cells were washed with PBS, and then replaced with
fresh medium containing 1 pg/ml of LPS with or without test materials.
After 20 hr, the supernatants were collected, and the amount of PGE: in
this media was measured by enzyme-linked immunosorbent assay as
follows. Briefly, the supernatants were incubated with PGE2:-AchE tracer in
96 well plates coated with PGE; antibody for more than 18 hr. Plates were
washed with PBST (PBS with 0.05% Tween-20) five times, and then
incubated with Ellmanns reagent for 5 hr. The absorbance was measured
at 405 nm. PGE; levels in the supernatants of test groups were determined
using a PGE: standard curve, and compared with those of vehicle-treated

control group.

2.8. Evaluation of growth-inhibitory activities of test samples against

various human cancer cells
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The growth-inhibitory potential of test materials against human cancer
cells was examined by sulforhodamine B (SRB) assay. Various human
cancer cells (3~5x10" cells/ml) were incubated with test materials in 96
well plates for 72 hr. For zero-day control, cells were incubated for 30 min
at 37°C in CO, incubator. After indicated incubation time, cells were fixed
by the addition of cold 509 trichloroacetic acid (TCA) solution in each well
(final 10% TCA solution), incubated for 30~60 min at 4°C, washed with
tap water five times, and then dried in the air. The fixed cells were
stained with 0.4% SRB solution (0.4% w/v SRB in 1% acetic acid solution)
for 30~60 min. Unbound SRB solution was removed by washing with 19
acetic acid solution five times, and plates were dried again in the air. The
bound dye was dissolved in 10 mM Tris solution (pH 10.0), and the
absorbance was measured at 515 nm. Absorbance data from all groups
were averaged, and that of zero—day control group was subtracted from
those of each test group. % Survival was calculated compared with

vehicle-treated control group.

3. Results and Discussion

It has been reported that ROS and pro-inflammatory mediators such as
PGs and NO are closely implicated in various pathological processes,
including atherosclerosis, several degenerative diseases, and cancer (Ames
et al., 1993; Patel et al., 2000). Thus, the process that inhibits generation of
free radicals, production of PGs and NO, and/or expression of COX-2 and
iINOS might be a strategy for the treatment and prevention of many human
diseases such as neurodegenerative diseases and cancer.

Natural products have been received much attention to be a source of
lead candidates for developing new therapeutic or preventive agents. Recent
studies suggest that naturally occurring substances, which include
polyphenols, stilbenoids, and organosulfur compounds, possess various
pharmacological properties including prevention of cancer (Surh, 1999;
Kelloff et al, 2000). The biological mechanism of these substances is
varying, which  includes scavenging free  radicals, suppressing
pro-inflammatory processes, and inhibiting proliferation against human
cancer cells. Especially, according to the protective effect of red wine

against cardiovascular diseases, resveratrol, a naturally occurring stilbenoid
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from grapes, has extensively studied to evaluate its biological properties

and elucidate the mechanism of action (Gusman et al., 2001).

Table 6-1. Antioxidant potential of grape shoot extracts or their refined
materials. Test materials were incubated with 300 pM of DPPH ethanol
solution at 37°C. After 30 min, absorbance was measured at 515 nm. DPPH
radical scavenging activity of each sample was determined in comparison
with vehicle-treated control group. Values of % inhibition represent mean
+ SEM.(n=3)

Test samples % Inhibition at 500 pg/ml ICsy (png/ml)

Campbell shoot extract (CSE) 853 £+ 0.1 89.7
Sheridan shoot extract (SSE) 80.1 £ 1.2 39.2
Kyoho shoot extract (KSE) 853 + 04 60.4

Refined material from Campbell shoot
extract (RCE) 81.3 £ 1.8 144.6

Refined material from Sheridan shoot
extract (RSE) 81.5 £ 2.1 109.2

Refined material from Kyoho shoot
extract (RKE) 81.1 + 0.6 65.8
Resveratrol 78.4 £ 0.7a) 332
Vitamin C 81.1 £ 0.9 59
Gallic acid 88.3 + 1.1 4.7

Notes) ¥9% Inhibition at 500 pM
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Figure 6-1. DPPH radical scavenging activity of test materials. Test
materials were incubated with 300 uM of DPPH ethanol solution at 37°C
for 30 min. The absorbance was measured at 515 nm, and DPPH radical
scavenging activity of each sample was determined in comparison with
vehicle-treated control group. Abbreviations are as follows: CSE, Campbell
shoot extract; SSE, Sheridan shoot extract; KSE, Kyoho shoot extract,;
RCE, Refined material from Campbell shoot extract; RSE, Refined material
from Sheridan shoot extract; RKE, Refined material from Kyoho shoot

extract

In the present study, we developed a refining process of grape shoot
extracts to produce enrichment of polyphenols, and evaluated
chemopreventive potential of various grape shoot extracts and their refined
materials using in vitro bioassay systems. First, we examined antioxidant
potential of grape shoot extracts and refined materials by the use of DPPH
that stably generates free radicals in ethanol solution. As a result, all of
test materials possessed radical scavenging activities about 70~80% at the
concentration of 500 pg/ml, and the activity is corresponding to 500 uM
of resveratrol (Table 6-1). Accordingly, dose-responses on radical
scavenging were also investigated and subsequently ICsy values were
determined. Among the extracts and refined materials, the Sheridan shoot

extract (SSE) showed the most potent DPPH radical scavenging activity
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that was similar to that of resveratrol. In addition, the Kyoho shoot extract
(KSE) and the refined material from Kyoho shoot extract (RKE) effectively
scavenged DPPH free radical generation. Other materials also exhibited
moderate scavenging properties, however, these activities were less potent
than those of positive controls, vitamin C, gallic acid, and resveratrol. The
mechanism of antioxidant effects of these materials is probably related to
their direct radical scavenging activities because resveratrol, a main active
principle contained in these materials, possessed direct radical scavenging
activity in vitro (Rimando et al, 2002). This result suggests that grape
shoots extracts and their refined materials may possess antioxidant

potential by scavenging free radical generation.

Table 6-2. Inhibitory effects of test materials on LPS-induced nitrite
formation in cultured mouse macrophage cells. Cells were stimulated by
treatment of LPS (1 pg/ml) in a presence or absence of test samples.
After 20 hr, supernatants were collected and analyzed to determine the
level of NO accumulation using Griess reaction. Values of % inhibition

represent mean = S.E.M.(n=4)

Test samples % Inhibition at 50 pg/ml ICso (pg/ml)
Campbell shoot extract (CSE) 1.0 £ 6.6 > 50
Sheridan shoot extract (SSE) 1.0 £ 5.3 > 50
Kyoho shoot extract (KSE) 263 + 6.0 > 50
Refined material from Campbell shoot 647 + 0.7 285

extract (RCE)

Refined material from Sheridan shoot
extract (RSE) 56.7 + 4.7 46.1

Refined material from Kyoho shoot
extract (RKE) 659 £ 1.2 22.4

Resveratrol 784 + 2.3 3.6

Notes) ¥% Inhibition at 50 pM
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Figure 6-2. Inhibitory effects of test materials on iINOS-mediated NO
accumulation in LPS-stimulated mouse macrophage cells. Cells(5x10°
cells/ml) were incubated in 24 well plates for 24 hr, then stimulated by the
treatment of LPS (1 pg/ml) with or without test samples. After 20 hr, the
media were collected and examined the amount of NO production using
colorimetric Griess reaction. Abbreviations are as follows: CSE, Campbell
shoot extract; SSE, Sheridan shoot extract; KSE, Kyoho shoot extract;
RCE, Refined material from Campbell shoot extract; RSE, Refined material
from Sheridan shoot extract; RKE, Refined material from Kyoho shoot

extract

Next, we investigated anti-inflammatory effects of test materials by the
inhibition of NO and PGE: production as parameters. iNOS and COX-2,
which produce NO and PGE;, respectively, are induced by the response of
several pro-inflammatory stimuli such as bacterial lipopolysaccharide (LPS),
interleukin-1 (IL-1), and interferon-%¥ (IFN-%¥) (Dubois et al, 1998;
Kréncke et al, 1998). These enzymes and their products, NO and PGE.,
may play important roles in chronic inflammatory responses and promotion
and/or progression of cancer (Kroncke et al, 1998; Dannenberg et al,
2001). According to this, we evaluated the inhibitory effects of test

materials by the determination of NO and PGE; accumulation in the
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cultured media using colorimetric chemical reaction and enzyme-linked
immunosorbent assay. As shown in Table 6-2 and Figure 6-2, all of
refined materials showed inhibitory activities on LPS-induced NO
accumulation. At the concentration of 50 pg/ml, they inhibited
iINOS-induced NO production about 60~70%. However, grapes shoot
extracts did not suppress the NO production in this assay system. Among
the refined materials, Kyoho and Campbell refined materials showed similar
inhibitory potency, and Sheridan refined materials were about twice less
potent than Kyoho and Campbell. In addition, the inhibitory activities of NO
production by these refined materials were not related to their cytotoxicity.
However, all of test materials did not show any significant inhibitory
effects on LPS-induced PGE: production (Table 6-3). The difference of
results between these assay systems might be due to the difference of
assay procedure and/or the relevant signaling to regulate the expression of
INOS and COX-2 and the production of NO and PGE,. This result
indicates that refined materials from grape shoot extracts may possess
anti-inflammatory potential on the basis of the inhibition of LPS-induced

NO production.

Table 6-3. Effects of test materials on LPS-induced PGE; production in
RAW 264.7 cells. Cells were stimulated by the treatment of LPS (1 pg/ml)
with or without test samples. After 20 hr, supernatants were collected and

analyzed to determine the amount of PGE: production using enzyme

immunoassay
Test samples % Inhibition at 50 pg/ml

Campbell shoot extract (CSE) 16.7
Sheridan shoot extract (SSE) 26.1
Kyoho shoot extract (KSE) 27.2
Refined material from Campbell shoot extract 138
(RCE) :
Refined material from Sheridan shoot extract 457
(RSE) :

Refined material from Kyoho shoot extract 1.0
(RKE) :
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Further, we examined the anti—proliferative activities of grape shoot
extracts and refined materials against several human cancer cells. Previous
studies demonstrate that resveratrol inhibited cell proliferation against
human cancer cells and induced apoptosis, and these anti—proliferative
mechanisms of resveratrol were diverse depending on cell lines and
experimental conditions (Ahmad et al, 2001, Joe et al, 2002; Liang et al.,
2003). Accordingly, we evaluated the inhibitory effects of test materials on
the proliferation of human Ilung, colon, stomach cancer cells, and
fibrosarcoma cells compared with resveratrol. As a result, at the
concentration of 50 wg/ml, all of refined materials showed the
growth-inhibitory activities about 30~40% compared to control, but any of
shoot extracts did not significantly inhibit cell proliferation against human
cancer cells (Table 6-4), and inhibitory activities of refined materials were
less potent than resveratrol. Although the difference of inhibitory potency
either species of grapes or cancer cell lines tested was not significant, the
refined material from Campbell shoot extract (RCE) was the most potent
than other refined materials. This result suggests that refined materials
from grape shoot extracts may have anti—proliferative potential against

various human cancer cells.
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Table 6-4. Effects of test materials on the proliferation of various human
cancer cells. Cells were incubated with test materials for 72 hr. After
incubation, the inhibitory effects of test materials on the cell proliferation
were examined by SRB assay. Values represent mean + S.EM.(n=3).
Abbreviations are as follows: CSE, Campbell shoot extract; SSE, Sheridan
shoots extract; KSE, Kyoho shoot extract; RCE, Refined material from

Campbell shoot extract; RSE, Refined material from Sheridan shoot extract;

RKE, Refined material from Kyoho shoot extract

% Survival at 50 pg/ml

Test samples
A549 HCT 116 HT-29 HT-1080 SNU-638

CSE 83.4 £ 50 833+ 64 959 +26 847 + 1.5 93.0 + 3.1
SSE 100.0 + 2.2 100.0 = 5.5 97.4 + 33 100.0 + 1.1 99.9 + 5.8
KSE 947 + 87 97.7 +93 87.1 + 3.7 978 + 3.1 944 + 11.8
RCE 59.8 + 27 552+ 42 594 +26 71.1+35 615 +24
RSE 612 + 65 599 +22 683 +38 694+ 1.8 605 + 3.0
RKE 625+ 19 61.0+49 705 +28 743 +32 693 +29

Resveratrol” 212 19.8 20.0 18.6 7.0

Notes) “represented as ECs values(iM)

4. Conclusion

In summary, we evaluated chemopreventive potential of some grape shoot
extracts and their refined materials using in vitro assay system. Both
grape shoot extracts and their refined materials effectively showed
scavenging activities on generated DPPH free radicals, and also refined
materials from grape shoot extracts suppressed LPS-induced NO production
in macrophage cells, and also moderately inhibited cell proliferation against
human cancer cells. Although biological activities of these materials were
less effective than those of a positive control, resveratrol, it is more
reasonable to evaluate their biological potential considering the possibility of

co—existence of some substances that may inhibit biological activities in
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grape shoot extracts and refined materials. Further studies are underway to
investigate additional biological effects of shoot extracts and their refined
materials. In conclusion, these grape shoot extracts and their refined
materials might be useful sources for the development of chemopreventive

agents and/or functional foods.
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Fig. 7-2. Simulation on variation of each component content with respect to
time during extraction of resveratrol from fruit stem of Campbell grape

when the ultrasonication—assisted extraction was applied.
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Fig. 7-3. Simulation on variation of each component content with respect to
time during extraction of resveratrol from fruit stem of Gerbong grape

when the ultrasonication—assisted extraction was applied.
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Table 7-1. Composition of components related to resveratrol at the

extraction time with the maximum recovery

Fruit stem of Campbell grape
(initial content of bound resveratrol = 613.2 pg/g-dry material)

Extraction time
with maximum

recovery [min]

Solubilized

resveratrol

[ng/gl

Bound

resveratrol

[ng/gl

Degraded compounds

[ng/g]

3.48

489.4 (79.8%)

40.7 (6.6%)

83.1 (13.6%)

Fruit stem of Gerbong grape

(initial content of bound resveratrol = 241.6 pg/g-dry material)

Extraction time
with maximum

recovery [min]

Solubilized

resveratrol

[ng/gl

Bound

resveratrol

[ng/gl

Degraded compounds

[ng/g]

5.80

194.8 (80.6%)

15.2 (6.3%)

31.6 (13.1%)
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FE F IFE FEEY FES A 279%, AE 23.6%, Al 293%=
el e, ojm fiHBEZe] FFL FE= AT o AR 304

mg/g-dry material, A% 097 mg/g-dry material, A&e 1.79 mg/g-dry
material 2 UERSETE

g - AATAH o FE2 Hx 45y AEF div Ad 274%, AE
2.23%, A=e 210%% e oH, ojmef HaMEE e AW 1701
mg/g-dry material, 71 16.06 mg/g-dry material, A2l 16.
material = WEFTHGE 7-2).

g, T By F 3lgd FEEY A44Y AFY FEIdHCEE i

[e)
E3He AW 782%, A% 753%, AL 77.7%2 ek

0

3 mg/g-dry

Table 7-2. Recovery vyield and resveratrol content of refined extracts of

grape vine
. . Resveratrol content
Cultivar Recovery yield (%) .
(mg/g-dry material)
Campbell 2.74 17.0
Gerbong 2.23 16.1
Sheridan 2.10 16.8

Notes)  yield— _dry weight of extracts <100

dry weight of raw material
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Fig. 8-3. Functional skin cream with

natural antiaging materials.
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Table 8-1. Production of major fruits in Korea (unit: 1,000ha, 1,000ton)

Grape Apple Pear Peach Tangerine

Y - - - - -
car Area Weight Area Weight Area Weight Area Weight Area Weight

1996 27 357 44 651 18 219 10 128 25 514
1997 28 393 40 652 22 260 11 147 26 649
1998 30 398 35 459 25 260 12 151 26 512
1999 31 470 31 490 26 259 13 157 26 624
2000 29 476 29 489 26 324 14 170 27 563
2001 27 454 26 404 26 417 14 166 27 645
2002 26 422 26 433 25 386 16 188 26 643

Table 8-2. Consumption per capita of major fruits in Korea (unit: kg)

Year Grape Apple Pear Peach Tangerine
1996 79 14.2 4.7 2.8 11.7
1997 8.8 14.1 5.6 3.2 14.9
1998 8.6 9.8 55 3.3 11.8
1999 10.2 10.5 55 34 13.9
2000 10.3 10.4 6.7 3.6 14.0
2001 9.7 8.4 8.6 35 155
2002 9.0 9.0 78 4.0 155

Table 8-3. Producer’s price of major fruits in Korea (unit: Won/kg)

Year Grape Apple Pear Peach Tangerine
1996 1,620 935 1,715 1,441 1,083
1997 1,536 1,031 1,870 1,519 1,069
1998 1,277 1,166 1,745 1,275 1,156
1999 1,253 1,504 1,988 1,362 1,197
2000 1,262 1,066 1,127 1,125 1,052
2001 621 1,120 1,046 1,003 638
2002 1,371 1,583 959 882 689
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Table 8-4. Processed rate of major fruits in Korea (unit: %)

Year Grape Apple Pear Peach Tangerine
1996 7.03 9.44 12.0 11.8 4.12
1997 4.24 9.26 11.2 5.03 0.97
1998 4.59 7.03 2.53 5.09 1.97
1999 1.91 4.69 1.54 9.55 7.37
2000 1.61 7.7 1.23 6.05 5.34
2001 3.25 8.39 1.07 5.96 7.68

1E 100

Notes) processed rate= Total production
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Table 8-5. Weight composition in a fruit cluster of grape (unit: %)

Component Campbell Gerbong Average
Seed 3.0 3.8 59
Skin 445 271.2 35.8

Fruit stem 3.8 3.1 3.5

Flesh 43.7 65.9 54.8
Total 100 100 100
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Table 8-6. Estimated yearly production of grape extracts with resveratrol
under the assumption that a total available amount of raw material is

454,000 ton per year and an average recovery of extracts yield is 2.5%

. Amount of raw material Amount of grape extracts
Utilization rate (%)

(ton) (ton)

0.1 454 114
0.5 2,270 56.8
4,540 114

9,080 227

13,620 341

(21/a) A7 10 E A7k 100 = H] 31

e el e el A

100 10 100 dmeg 747 (04d)
500 50 500 +E 90%: 6,5009/g
1’000 100 1’000 =5 99%: 889,800 /g
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