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Abstract — Since reactive oxygen species, prostaglandins, and nitric oxide are closely involved in various patho-
logical 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 effec-
tive radical scavenging activities about 70~80% at the concentration of 500 ug/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 ICs, value of 22.4 ug/ml and 28.5 ug/ml, respectively. In addition, at the con-
centration 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.
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INTRODUCTION

Cancer chemoprevention is defined as the use of non-toxic
bioactive compounds derived from natural products or syn-
thetic 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 limi-
tations 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 carcino-
genesis with unique mechanism of action to modulate related
biomarkers. Recent studies suggest that reactive oxygen spe-
cies (ROS), prostaglandins (PGs), and nitric oxide (NO) play
important roles in the process of carcinogenesis (Dreher and
Junod, 1998; Dubois er al, 1998; Dannenberg et al., 2001;
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Kroncke et al., 1998). Although these molecules have been
known to mediate tissue homeostasis and cellular signal trans-
duction (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 er 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 iNOS, 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 sub-
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stances, which isolate active principles or synthesize com-
pounds by the modification of compounds from natural
products, and evaluate their biological activities using various
in vitro assay systems (Kinghorn et al., 1998; Lee et al., 1998;
Gerhauser ef al., 2002; Rimando et al., 2002). Recently, natu-
rally 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 ef 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
yield 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.

MATERIALS and METHODS

Chemicals

Dulbecco’s modified Eagle medium (DMEM), minimun
essential medium with Earle’s 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, USA). 1,1-Diphenyl-2-picrylhydrazyl (DPPH),
vitamin C, gallic acid, lipopolysaccharide (LPS, E. coli 0111:
B4), N-(1-naphthyl)ethylnenediamine dihydrochloride, sulfa-
nilamide, sodium nitrite, bovine serum albumin, sulforhodamine

B, and 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bro-
mide (MTT) were from Sigma (St. Louis, MO, USA). NO-
monomethyl-L-arginine (L-NMMA), prostaglandin E, (PGE,),
and PGE,-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).

Cell culture

Murine macrophage RAW 264.7 cells, human lung carci-
noma (A549), colorectal carcinoma (HCT 116), colorectal ade-
nocarcinoma (HT-29), fibrosarcoma (HT-1080), and stomach
adenocarcinoma (SNU-638) cells were obtained from Ameri-
can 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 sup-
plemented with 10% heat-inactivated FBS and antibiotics.
Cells were incubated at 37°C, 5% CO, in the humidified air.

Preparation of test materials

Dried Campbell, Kyoho, and Sheridan grape shoots were pul-
verized, 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 fil-
tered 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 decom-
pressed 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 10,000 g for 15 min, and then non-extract-
able materials were collected. Thereafter, the refined materials
were dried and stored at a low temperature.

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 scaveng-
ing activity (Lee et al., 1998). Test materials; dissolved in
DMSO, were incubated with 300 uM of DPPH ethanol solu-
tion at 37°C for 30 min in 96 well plates. The absorbance was
measured at 515 nm. % Inhibition, the degree of radical scav-
enging by test groups, was determined by comparison with
vehicle-treated control group. ICs, values, which denote the
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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.

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 incu-
bated with 1 tg/ml of LPS in a presence or absence of test sam-
ples. 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 ul of Griess reagents (0.1% N-(1-naphthyl)ethyl-
enediamine dihydrochloride in HyO and 1% sulfanilamide in
5% H3PO,) were added to 100 pl 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. % Inhibition was expressed as [1-(NO level of test sam-
ples/NO levels of vehicle-treated control)]x100. The ICs,
value, the sample concentration resulting in 50% inhibition of
NO production, was determined using non-linear regression
analysis (% inhibition versus concentration). N®-monomethyl-
L-arginine (L-NMMA) was used as a positive control.

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.

Measurement of the inhibitory activity of test samples on
LPS-induced PGE, production

RAW 264.7 cells (5x10° cells/ml) were seeded and incu-
bated in 96 well plates for 24 hr. Cells were washed with PBS,
and then replaced with fresh medium containing 1 tg/ml of
LPS with or without test materials. After 20 hr, the supernatants

were collected, and the amount of PGE, in this media was mea-
sured by enzyme-linked immunosorbent assay as follows.
Briefly, the supernatants were incubated with PGE,-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 Ellmann’s
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 vehi-
cle-treated control group.

Evaluation of growth-inhibitory activities of test samples
against various human cancer cells

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 50% 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 1%
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. Absor-
bance 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.
Results and Discussion

It has been reported that ROS and pro-inflammatory media-
tors such as PGs and NO are closely implicated in various
pathological processes, including atherosclerosis, several
degenerative diseases, and cancer (Ames et al., 1993; Patel ez
al., 2000). Thus, the process that inhibits generation of free rad-
icals, production of PGs and NO, and/or expression of COX-2
and iNOS 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
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preventive agents. Recent studies suggest that naturally occur-
ring 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 protec-
tive effect of red wine against cardiovascular diseases, resvera-
trol, a naturally occurring stilbenoid from grapes, has
extensively studied to evaluate its biological properties and elu-
cidate the mechanism of action (Gusman et al., 2001).

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 sys-
tems. 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 cor-
responding to 500 UM of resveratrol (Table I). Accordingly,
dose-responses on radical scavenging were also investigated
and subsequently ICs, values were determined. Among the
extracts and refined materials, the Sheridan shoot extract (SSE)
showed the most potent DPPH radical scavenging activity that
was similar to that of resveratrol. In addition, the Kyoho shoot

Table 1. Antioxidant potential of grape shoot extracts or their
refined materials. Test materials were incubated with 300 UM 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 + S.E.M.(n=3).

% Inhibition

Test samples at 500 pg/ml ICs, (ng/ml)

Campbell shoot extract (CSE) 853+ 0.1 89.7
Sheridan shoot extract (SSE) 80.1x1.2 39.2
Kyoho shoot extract (KSE) 853104 60.4
Refined material from Campbell

+
shoot extract (RCE) 813+ 18 144.6
Refined material from Sheridan

+
shoot extract (RSE) 815+ 2.1 1092
Refined material from Kyoho shoot +
extract (RKE) 81.1£0.6 65.8
Resveratrol 78.4 £0.79 33.2
Vitamin C 81.1+0.9 59
Gallic acid 883+ 1.1 4.7

39, Inhibition at 500 uM

& 500 ug/mi
£2 125 ug/m}
3313 ug/ml
0 7.8 ug/ml
Q2 ug/ml

Y% Inhibition
S

Test samples

Fig. 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.

extract (KSE) and the refined material from Kyoho shoot
extract (RKE) effectively scavenged DPPH free radical gener-
ation. 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 res-
veratrol, 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.

Next, we investigated anti-inflammatory effects of test mate-
rials by the inhibition of NO and PGE, production as parame-
ters. iNOS and COX-2, which produce NO and PGE,,
respectively, are induced by the response of several pro-inflam-
matory stimuli such as bacterial lipopolysaccharide (LPS),
interleukin-1 (IL-1), and interferon-y (IFN-y) (Dubois et al.,
1998; Kroncke et al., 1998). These enzymes and their products,
NO and PGE,, may play important roles in chronic inflamma-
tory responses and promotion and/or progression of cancer
(Kroncke et al., 1998; Dannenberg ef al., 2001). According to
this, we evaluated the inhibitory effects of test materials by the
determination of NO and PGE, accumulation in the cultured
media using colorimetric chemical reaction and enzyme-linked
immunosorbent assay. As shown in Table II and Fig. 2, all of
refined materials showed inhibitory activities on LPS-induced
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Table II. Inhibitory effects of test materials on LPS-induced nitrite formation in cultured mouse macrophage cells. Cells were stimulated by
treatment of LPS (1 pig/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 1Cy (Ug/ml)
Campbell shoot extract (CSE) 1.0 £ 6.6 > 50
Sheridan shoot extract (SSE) 1.0 £ 5.3 > 50
Kyoho shoot extract (KSE) 26.3 £ 6.0 >50
Refined material from Campbell shoot extract (RCE) 647 = 0.7 28.5
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 £ 23 36

9% Inhibition at 50 uM

NO accumulation. At the concentration of 50 ug/ml, they
inhibited iNOS-induced NO production about 60~70%. How-
ever, 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, pro-
duction (Table III). 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

30

i
¥

Nitrite (WM)
> B

3
r

W
T

KSE RCE RSE RKE

Test samples

LPS- LPS+ CSE SSE

Fig. 2. Inhibitory effects of test materials on iNOS-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 ug/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.

indicates that refined materials from grape shoot extracts may
possess anti-inflammatory potential on the basis of the inhibi-
tion of LPS-induced NO production.

Further, we examined the anti-proliferative activities of
grape shoot extracts and refined materials against several
human cancer cells. Previous studies demonstrate that resvera-
trol inhibited cell proliferation against human cancer cells and
induced apoptosis, and these anti-proliferative mechanisms of
resveratrol were diverse depending on cell lines and experi-
mental 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 lung, colon,
stomach cancer cells, and fibrosarcoma cells compared with
resveratrol. As a result, at the concentration of 50 pg/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 IV), 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

Table III. 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 138

extract (RCE) ’

Refined material from Sheridan shoot 45.7

extract (RSE) :

Refined material from Kyoho shoot 10

extract (RKE)




biological activity of grape shoot extracts and refined materials 127

Table IV, 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 *SEM.
(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 834 £ 50 833 £ 64 959 + 2.6 84715 93.0 £ 3.1
SSE 1000 £ 2.2 100.0 = 5.5 974 £ 33 100.0 1.1 999 £ 5.8
KSE 94,7 £ 8.7 977 £93 87.1 £ 37 97.83.1 944 + 11.8
RCE 59.8 £ 2.7 552 £ 42 594 £ 26 71.135 61.5 24
RSE 61.2 £ 6.5 599 + 2.2 68.3 £ 3.8 69.41.8 60.5 + 3.0
RKE 625t 1.9 61.0 £ 4.9 705 £ 2.8 74332 69329
Resveratrol? 21.2 19.8 20.0 18.6 , 7.0

Irepresented as ECs, values(UM)

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’énti-proliferative potential against var-
ious human cancer cells.

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, res-
veratrol, it is more reasonable to evaluate their biological poten-
tial considering the possibility of co-existence of some
substances that may inhibit biological activities in 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 devel-
opment of chemopreventive agents and/or functional foods.
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