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INTRODUCTION

Reactive oxygen species (ROS), such as superoxide anion (Og),
hydroxyl radical (OH) and hydrogen peroxide (H:0,), are unwanted
metabolic by-products of normal aerobic metabolis. High levels of ROS
are regarded to be responsible for a variety of pathological conditions,
including cardiovascular disease, cancer and aging (Harman, 1994; Cox
and Cohen, 1996; Ames, 1998; Finkel and Holbrook, 2000). Among those
ROS, H2O: especially plays a pivotal role because it is generated from
nearly all sources of oxidative stress and can diffuse freely in and out
of cells and tissues (Hallivell and Aruoma, 1991).

Synthetic antioxidants have been identified as mutagens and tumor
promoters at high dosages (Kahl and Kappis, 1993; Kahl, 1994). Natural
antioxidants impart promising safety even at higher dosages. Marine
bioresources are known to be attractive as they sometimes include new
compounds showing several kinds of bioactivities. Among them,
seaweeds or their extracts have been studied as potential natural
antioxidants during the last decade (Anggadiredja et al, 1997,
Matsukawa et al.,, 1997; Yan et al., 1998; Tutour et al., 1998; Duval et
al.,, 2000; Hirata et al., 2000; Kovatcheva et al., 2001; Xue et al., 2001;
Ruberto et al., 2001, Ruperez et al., 2002; Lim et al., 2002). Seaweeds
are rich in vitamins, minerals, natural bioactive compounds and various
functional polysaccharides. One of them, polysaccharides plentifully
present in brown seaweeds, such as alginates, fucans and laminarans
are water—soluble dietary fibers and possess various bioactive
properties.

Cancer i1s a disease manifested by uncontrolled cell growth that
presents over 100 distinct clinical pathologies (Kufe et al., 2003). Cancer
is the largest single cause of death in human, claiming over 6 million
lives each year in the world. In the last few decades, basic cancer
researches have produced remarkable advances in understanding of
cancer biology and cancer genetics (Lowe and Lin, 2000). Recently,

many anti—cancer drugs have been developed and applied in clinical



trials. Chemotherapeutic agents and radiation which cause DNA
mutation in actively dividing cells, were intended to selectively Kkill
cancer cells while having limited effect on normal cells. Unfortunately
these cytotoxic agents were limited in their utility due to their toxicity
on normal dividing cell populations resulting in adverse side effects.
Therefore, the researches and developments of new and safe drugs
have become one of the interest areas in the pharmaceutical industry
(Yang et al., 2000). Marine bioresources are known to be attractive as
they sometimes consists new compounds showing several kinds of
different bioactivities which are not possible in land plants. Screening of
algal extracts for biologically active compounds began in the 1950s with
simple antibiotic assays and expanded to include testing for product
with antiviral, antibacterial, antifungal, anti-mitotic or anti-tumorigenic
activities (Kashiwagi et al., 1980; Gonzalez et al., 1982; Kosovel et al.,
1988; Glombitza and Koch, 1989). Studies on antitumor effects of algal
species have been reported by a number of researchers (Yamamoto et.
al. 1982; Noda et. al. 1989; Jolles' et. al 1963; Yamamoto et. al. 1974,
Mizukoshi et. al. 1992).

In this study, it was tried to obtain water—soluble enzymatic extract
from seaweeds by using some carbohydrases and proteases, which are
enzymes derived from microorganisms. These enzymes can convert
water-insoluble raw materials of seaweeds into water-soluble ones.
Enzymatic extracts from seaweeds possess high-solubility in water and
safety, as this method does not adapt any organic solvent or other
toxic chemicals. It was previously reported that enzymatic extraction
gains a high yield and high radical scavenging activity in comparison
with organic extracts (Heo et al., 2003).

A brown seaweed Ecklonia cava which is rich in the coast of Jeju
Island in Korea but is not useful for food diet due to puckery taste
induced by tannins was enzymatically hydrolyzed with five
carbohydrases (Viscozyme, Celluclast, AMG, Termamyl and Ultraflo)
and five proteases (Protamex, Kojizyme, Neutrase, Flavourzyme and
Alcalase) to prepare water-soluble seaweed extracts, and then we

investigated effect of E. cava enzymatic extracts on the H2Oq



scavenging activity, lipid peroxidation inhibitory activity, cell viability
and we measured the protective effect of these enzymatic extracts on
H202-induced apoptosis. In addition, apoptosis—inducing effects of FE.
cava enzymatic extracts were investigated in four types of tumor cells
(U937, HL60, B16 and HeLa cells).
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Part 1

Protective effect of Ecklonia cava enzymatic

extracts on H202-induced cell damage

1. ABSTRACT

In this study, Ecklonia cava was enzymatically hydrolyzed to prepare
water-soluble extracts by using five carbohydrases (Viscozyme,
Celluclast, AMG, Termamyl and Ultaraflo) and five proteases
(Protamex, Kojizyme, Neutase, Flavourezyme and Alcalase) and
evaluated their potential antioxidant activity. The Celluclast and
Viscozyme extracts of E. cava exhibited better hydrogen peroxide
(H202) scavenging activities (73.25% and 72.92%, respectively) compared
to other enzymatic extracts. Cellucalast extract was separated into four
different molecular weight fractions (<1 kDa, 1~10 kDa, 1~30 kDa and
>30 kDa). Among all the fractions, >30 kDa fraction showed the
highest H2O: scavenging activity with an ICsy of 13 pg/ml. Also, >30
kDa fraction strongly enhanced cell viability against H>O:-induced
oxidative damage and exhibited relatively higher lipid peroxidation
inhibitory activity in the chinese hamster lung fibroblast (V79-4) cell
line. Furthermore, the fraction reduced the proportion of apoptotic cells
induced by H20s, as demonstrated by decreased sub—G; hypodiploid cells
and decreased apoptotic body formation in flow cytometry assay. These
results illustrate that >30 kDa fraction of Celluclast extract from E.
cava exhibits a good antioxidant activity over H:0O: mediated -cell

damage in vitro

2. MATERIALS AND METHODS

2. 1. Materials



E. cava was collected along Jeju Island coast of Korea during
October 2003 to March 2004. Salt, epiphytes and sand from sample
were removed using tap water. Finally, E. cava were rinsed carefully in
freshwater and stored in a medical refrigerator at -20°C. The frozen
sample was lyophilized and homogenized with a grinder before
extraction. Five carbohydrase including Viscozyme L, Celluclast 1.5L
FG, AMG 300L, Termamyl 120L, Ultraflo L, and the five proteases
including Protamex, Kojizyme 500 MG, Neutrase 0.8L, Flavourzyme 500
MG, Alcalase 24L. FG were purchased from Novo Co. (Novozyme
Nordisk, Bagsvaerd, Denmark). The optimum pH, optimal temperature
and characters of those enzymes were summarized in Table 1-1. 2’
7' —dichlorodihydrofluorescein diacetate (DCFH-DA), thiobarbituric acid
(TBA), 3-(45-Dimethylthiazol-2-y1)-2,5-diphenylte— trazolium bromide
(MTT), and Hoechst 33342 were purchased from sigma Co. (St. Louis,
MO, USA). The other chemicals and reagents used were of analytical

grade.

2. 2. Preparation of enzymatic extracts from E. cava

The enzymatic extracts from E. cava were obtained according to the
method used by Heo et al. (2003). The freeze dried E. cava were
pulverized into powder using a grinder. One gram of the dried E. cava
sample was homogenized with 100 ml of buffer and mixed with 100 mg
(or 100 ul) of enzymes. Each reactant was adjusted to be within the
optimum pH and temperature range of the respective enzyme and
enzymatic reactions were performed for 12 h. Finally, each sample was
clarified by centrifugation at 3000 x g for 20 min to remove the
unhydrolyzed residue. Enzymatic extract of the seaweed was obtained
after filtering the supernatant and was stored for further experiments
(Fig. 1-1).
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Fig. 1-1. Scheme for preparation of enzymatic extracts from seaweeds



Table 1-1. Optimum hydrolysis conditions and characteristics of the

enzymes used for preparation of enzymatic extracts

Optimum condition

Buffer ..
Enzyme Temperature A Enzyme charateristics
pH . used
(C)
Arababase, celluiase,
. ,  B—glucanase,
Viscozym (V) 45 50 0.IN AB )
hemicelluase and
Xylanase
Catalyzing the
breakdown of cellulose
Celluclast (C) 45 50 0.IN AB into glucose, cellobiose
and higher glucose
polymer
An
AMG 45 60 0.IN AB )
exo-1,4-a-p-glucosidase
NG heat-stable-a
Termamyl (T) 6.0 60 0.IN PB
—amylase
A heat-stable
Ultraflo (U) 7.0 60 0.IN PB multi-activity
[i-glucanase
Hydrolysis of food
Protamex (P) 6.0 40 0.IN PB )
proteins
Kojizyme (K) 6.0 40 0.IN PB An endoprotease
Containing both
Neutrase (N) 6.0 50 0.IN PB endoprotease and
exopeptidase activities
Flavourzyme (F) 7.0 50 0.IN PB Exopeptidase activities
Alcalase (A) 8.0 50 0.IN PB A endoprotease

? In enzymatic hydrolysis
P Acetate buffer
¢ Phosphate buffer



2. 3. Molecular weight fractionation of enzymatic extract

Cellulclast extract was fractionated using millipore’s Labscale TFF
system with ultrafiltration membrane (1, 10 and 30 kDa) (Fig. 1-2). The
resultant fractions were collected according to the molecular weight (<1
kDa, 1~10 kDa, 10~30 kDa and >30 kDa) and investigated for
hydrogen peroxide scavenging activity, lipid peroxidation inhibitory

activity and cell viability.
2. 4. Total polyphenolic compounds

Total polyphenolic compounds were determined according to Chandler
and Dodds (1983) with some modification. One milliliter of E. cava
hydrolysate was mixed in a test tube containing 1 ml of 95% ethanol, 5
ml of distilled water and 0.5 ml of 509 Folin-Ciocalteu reagent. The
mixture was allowed to react for 5 min and 1 ml of 5 % NaxCOz was
added. Thoroughly mixed mixture ‘was placed in a dark room for 1 h
and absorbance was recorded at 725 nm in the UV-VIS
spectrophotometer (Opron 3000 Hanson Tech. Co. Ltd., Korea). A gallic
acid standard curve was obtained for the calculation of polyphenolic

content.
2. 5. Cell culture

Chinese hamster lung fibroblast line (V79-4) was maintained at 37°C
in an incubator with humidified atmosphere of 5% CQOs. Cells were
cultured in Dulbecco’s modified Eagle’'s medium containing 10%
heat-inactivated fetal calf serum, streptomycin (100 pg/ml), and

penicillin (100 unit/ml)
2. 6. Hydrogen peroxide scavenging activity

For detection of intracellular H2O0; V79-4 cells were seeded in
96-well plates at a concentration of 1.0 x 10° cells/ml. After 16 h, the



cells were treated with various concentrations of the enzymatic extract
and fraction samples (1, 10, 50 and 100 wpg/ml), and incubated at 37T
in a humidified atmosphere. After 30 min, 1 mM HxO, was added, and
then cells were incubated for an additional 30 min at 37°C. Finally 5 u
g/ml DCFH-DA was introduced to the cells and detected at 485 nm
excitation and at 535 nm emission using a PerkinElmer LS-5B

spectrofluorometer.
2. 7. Assessment of cell viability

Cell viability was estimated by the MTT assay, which is a test of
metabolic competence based upon assessment of mitochondrial
performance. It is colorimetric assay relying on the conversion of yellow
tetrazolium bromide to the purple formazan derivative by mitochondrial
succinate dehydrogenase in viable cells (Mosmaann, 1983). Cells were
seeded in a 96-well plate at a concentration of 1.0 x 10° cells/ml. After
16 h, cells were treated with' enzymatic extracts at difference
concentrations (1, 10, 50 and 100 pg/ml). Then 1 mM H;O:, was to
reach added to the cell culture medium and incubated for 24 h at 37 C.
MTT stock solution (50 pl; 2 mg/ml) was then added to each well for
a total reaction volume of 200 upl. After incubating for 4 h, the plate
was centrifuged at 800 x g for 5 min and the supernatants were
aspirated. The formazan crystals in each well were dissolved in 150 pl
of DMSO and absorbance was measured using an ELISA at 540 nm.
Relative cell viability was determined by the amount of MTT converted
to the insoluble formazan salt. The optical density of the formazan
formed in the control cells was taken as 100% viability. Data are mean

percentages of viable cells versus the respective control.
2. 8. Lipid peroxidation inhibitory activity

The ability of extract to inhibit lipid peroxidation was assayed by

_10_
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measuring malondialdehyde (MDA) according to the method of Ohkawa
et al. (1979). The V79-4 cells were seeded at a concentration of 1.0 x
10° cells/ml, and at 16 h after plating they were treated with various
concentrations (10, 50 and 100 pg/ml) of fraction sample. One hour
later, 1 mM H>O, was added to the plate, and was incubated for a
further 1 h. The cells were then washed with cold phosphate buffer
saline (PBS), scraped and homogenized in ice-cold 1.15% KCIl. Samples
containing 100 pl of the cell lysates were combined with 0.2 ml of 8.1%
SDS, 1.5 ml of 20% acetic acid adjusted to pH 3.5 and 1.5 ml of 0.8%
TBA. The mixture was brought to a final volume of 4.0 ml with
distilled water and heated for 120 min at 95°C. After cooling down
sample into room temperature, 5 ml of a n-butanol and pyridine
mixture (15:1, v/v) was added to each sample and vortexed. Then
mixture was centrifuged at 1000 x g for 10 min, the supernatant

fraction was separated and the absorbance was measured at 532 nm.
2. 9. Nuclear staining with Hoechst 33342

The nuclear morphology of cells was studied by wusing the
cell-permeable DNA dye Hoecht 33342. Cell with homogeneously stained
nuclei were considered to be viable, whereas the presence of chromatin
condensation and/or fragmentation was indicative of apoptosis
(Gschwind and Huber, 1995; Lizard et al., 1995). The V79-4 cells were
placed at a concentration of 1.0 X 10° cells/ml. Sixteen hours after
plating, the cells were treated with various concentration of fraction
sample, and further incubated for 1 h before expose to H.O» (1 mM).
After 24 h, 1.5 pl of Hoechst 33342 (stock 10 mg/ml), a DNA-specific
fluorescent dye, were added to each well, followed by incubation for 10
min at 37°C. The stained cells were then observed under a fluorescence
microscope equipped with a CoolSNAP-Pro color digital camera to

examine the degree of nuclear condensation.

2. 10. Flow cytometry analysis
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Flow cytometry analysis was performed to determine the proportion
of apoptotic sub—G; hypodiploid cells (Nicoletti et al., 1991). The V79-4
cells were placed in a 6-well plate at a concentration of 1.0 x 10°
cells/ml, and at 16 h after plating they were treated with fraction
sample (100 pg/ml). After further incubation of 1 h H2Os (1 mM) was
added to the culture. After 24 h, the cells were harvested at the
indicated time and fixed in 1 ml of 70% ethanol for 30 min at 4°C. The
cells were washed twice with PBS and incubated in the dark in 1 ml
of PBS containing 100 pg propidium iodide (PI) and 100 pg RNase A
for 30 min at 37C. Flow cytometric analysis was performed with a
FACSCalibur flow cytometer (Becton Dickinson, San Jose, USA). The
effect on cell cycle was determined by changes in the percentage of cell
distribution at each phase of the cell cycle and assessed by histograms
generated by the computer program Cell Quest and Mod-Fit (Wang et
al.,, 1999).

3. RESULTS

3. 1. Hydrogen peroxide scavenging activity

Hydrogen peroxide scavenging ability of the enzymatic extracts of
E. cava is exhibited on Fig. 1-3. As shown in Fig. 1-3, all the
enzymatic extracts of FE. cava showed more than >40% H:Oq
scavenging activity at same concentration. Comparatively, enzymatic
extracts prepared by cabohydrases showed better activities than those
by proteases extracts. Especially Celluclast and Viscozyme extracts
showed the highest activities (~73 and ~72%) respectively than other
counterparts.

Therefore Celluclast extract was selected for further experiments. In
order to characterize the molecular weight, the fraction was passed
through  ultrafliltration @ membranes and consequently  fractions
(unfractionated sample, <1 kDa, 1~10 kDa, 10~30 kDa and >30 kDa)
were investigated for their relevant H:O: scavenging activities. The

H»O, scavenging activities of four molecular weight fractions of
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Celluclast extract are as well as unfractionated sample shown in Fig.
1-4. The >30 kDa fraction of Celluclast extracts had the highest H:O»
scavenging activity with an ICsy value of 13.0 pwg/ml. However, the ICs
values of 10~30 kDa, 1~10 kDa, unfractionated sample and <1 kDa
sample increased in the order of 222, 309, 389 and 51 wpg/ml

respectively.

3. 2. Total polyphenolic compounds

All molecular weight fractions were subjected to total polyphenolic
content assay to get an idea about the polyphenolic content of the each
extract. The total polyphenolic amount of each extract is exhibited in
Fig. 1-5. The highest polyphenolic content was recorded from >30 kDa
fraction (2.23 g/100 ml) while the lowest content was exhibited from <1
kDa fraction (0.86 g/100 ml). The other three fractions including
unfractionated sample showed almost similar polyphenolic content (1.88
~1.98 g/100 ml).

3. 3. Hz02-induced of cell viability by >30 kDa fraction

As >30 kDa fraction possessed the highest hydrogen peroxide
scavenging ability, this fraction was further evaluated for its protecting
ability against H2Os-induced cell damages. The protective effect of the
unfractionated sample and >30 kDa fraction of E. cava on H>Oz-induced
cell damage on V79-4 cells is exhibited in Fig. 1-6. In this study, both
samples dose—dependently controlled H2O:-induced cellular damage. The
addition of H2O2 to the cell culture medium, without algal extracts
rended only 33% cell survival rate but addition of extracts along with
H2O2 to the medium dose-dependently increased cell survival rate.
However, the unfractionated sample and >30 kDa fractions with
concentrations of 1~50 wug/ml indicated almost similar activity
enhancement. Especially, the highest cell wviability with 67% was
recorded on >30 kDa at a concentration of 100 pg/ml.
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Fig. 1-3. Hydrogen peroxide scavenging activity of enzymatic extracts
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Experiments were performed in triplicates and data are expressed
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were performed in triplicates and data are expressed as average

percent change from control £ S.D.
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Fig. 1-6. Protective effect of unfraction and >30 kDa fraction from F.
cava Celluclast extract against HxO:-induced oxidative damage in
V79-4 cells. Experiments were performed in triplicates and data
are expressed as average percent change from control +S.D. -ll-
>30 kDa fraction and -A&- unfraction.

_18_



3. 4. Lipid peroxidation inhibitory activity

Lipid peroxidation inhibitory activity of >30 kDa fraction which
contained highestly antioxidant active compounds was investigated in
H2Oo-treated V79-4 cells (Fig. 1-7). The generation of MDA, and the
related substances that react with TBA, was nicely controlled by >30
kDa fraction. Especially, >30 kDa fraction delayed lipid peroxidation in a
dose-dependant manner, and the activity reached to a maximal at the
highest dosage of 100 ug/ml (44%).

3. 5. Reduction of H:0;-induced nuclear fragmentation by >30
kDa fraction

Typical fluorescence photographs of shrunken nuclei, chromatin
condensation and appearance of apoptotic bodies were shown in V79-4
cell after 1 mM H:O: treatment for 24 h (Fig. 1-8B). The negative
control, treated without the sample and HyOz showed clear image and
exhibited no DNA damage (Fig. 1-8A). However, Obvious cell damage
was observed in the cells treated with HzOs Cells treated with >30
kDa fraction 1 h prior to H2O: treatment, a dramatic reduction in
apoptotic bodies. Therefore, the photographs (Fig. 1-8C and D) clearly
suggest the ability of >30 kDa fraction to protect cell damage against
H>0- attack. The addition to the morphological evaluation, the protective
effects of >30 kDa fraction were confirmed by flow cytometry. Analysis
of the DNA contents following HzO: treatment of V79-4 cells revealed
an increase in the proportion of cells with sub-G; DNA content, to 22%
(Fig 1-9). This result indicates that apoptosis was induced by H:0s.
However, cells that were pretreated with >30 kDa fraction showed
significantly reduced sub-G; DNA content (11%).
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Fig. 1-8. Protective effect of >30 kDa fraction from E. cava Celluclast

extract against H2Os-induced apoptosis in V79-4 cells. Cellular
morphological changes were observed wusing fluorescence
microscope. Photomicrographs of V79-4 cells treated with (A)
untreated (B) 1 mM H:O» (C) 50 ug/ml sample + 1 mM H.O; (D)
100 pg/ml sample + 1 mM H.O.. Apoptotic bodies are indicated by

arrows.
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4. DISCUSSION

ROS are unwanted metabolic by-products of normal aerobic
metabolism under high level of O; pressure. High levels of ROS create
oxidative stress, which leads to a variety of biochemical and
physiological lesions. Such cellular damage often impairs metabolic
function and leads cell death (Finkel and Holbrook, 2000). Cells are
protected from ROS-induced damage by a variety of endogenous ROS
scavenging enzymes, chemical compounds and natural products.
Recently there has been an increasing interest in the therapeutic use of
natural plants as antioxidants in reducing such free radical-induced
tissue Injury, suggesting that many plants have antioxidative
compounds that could be therapeutically useful. In the present study, we
focused on natural water-soluble enzymatic extracts from FE. cava,
which were prepared by enzymatic hydrolysis using different
carbohydrases and proteases, and investigated antioxidant effect of these
FE. cava enzymatic extracts on the HxO treatment.

In this study, Celluclast and Viscozyme extracts of E. cava showed
strong HxO: scavenging activity (>70%) As it has been previously
observed, there are some reports, about high H2O2 scavenging ability of
seaweeds (Athukorala et al., 2003a; Sriwardhana et al., 2003). Especially
E. cava enzymatic extract have exhibited high H>O: scavenging and
DPPH radical scavenging activities previously (Heo et al., 2005).

Therefore, Celluclast extract was selected for further experiments. In
order to characterize the molecular weight distribution of the active
compounds, the enzymatic extract was passed through ultrafliltration
membranes and consequently fractions (unfractionated sample, <1 kDa,
1~10 kDa, 10~30 kDa and >30 kDa) were separately investigated for
their relevant H2O: scavenging activities. The total phenolic content and
H2O: scavenging activities of >30 kDa fraction were higher than those
of other fraction (unfractionated sample, <1 kDa, 1~10 kDa and 10~30
kDa). The >30 kDa fraction from E. cava Celluclast extract increased
lipid peroxidation inhibition in a dose-dependent manner. The >30 kDa

fraction also enhanced viability in V79-4 cells exposed to H2O2 As it
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has been mentioned in previous recorded (Siriwardhana et al., 2004),
there is a correlation between total polyphenolics and radical scavenging
activity of the seaweed extracts and this was again confirmed in this
study. Many researchers have reported positive correlation between ROS
scavenging activity and total phenolic compound. Polyphenolic
compounds are widely distributed in plants or seaweeds and are known
to exhibit higher antioxidative activities. The activities have been
reported through various methods of ROS scavenging activity and the
inhibition of lipid peroxidation (Yan et al., 1999; Athukorala et al,
2003a,b; Heo et al., 2003ab; Siriwardhana et al., 2003, 2004). Some
researches observed that the hydrogen peroxide scavenging activity
increased with the increase of phenolic compound content (Oki et al.,
2002; Siriwardhana et al., 2003; Heo et al., 2005.

Due to high antioxidative activity of >30 kDa fraction, the fraction
was further evaluated on its protecting ability for DNA damage. DNA
damage is known to be one of the most sensitive biological markers for
evaluating oxidative @ stress representing the imbalance between free
radical generation and efficiencies of the antioxidant system (Gutteridge,
1995; Kassie et al., 2000). Hoechst 33342 specifically stains DNA and is
widely used to detect shrinkage of the nuclei (chromatin condensation,

nuclear fragmentation, appearance of apoptotic bodies are indicative of
apoptosis) (Kerr et al., 1995). In addition to the morphological evaluation,
the protective effects of the >30 kDa fraction were confirmed by flow
cytometry. Cell exposed to H»O: exhibit distinct morphological features
of programmed cell death, such as nuclear fragmentation and an
increase in the percentage of cells with a sub-G; DNA content.
However, treatment with >30 kDa fraction of Celluclast extract from E.
cava reduced the appearance of the morphological features characteristic
of apoptotic cells and sub—G; content.

Several studies have shown that increasing in materials including
environmental pollutants, radiation, dietary habits and various chemicals
induced DNA damage, which can lead to the diseases such as cancer
and heart disease (Hertog et al., 1993; Hartmann et al., 1995; and Singh
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et al., 1995), Also many researchers have investigated inhibition of DNA
damage by food materials such as tea (Zhang et al., 2002), juice (Park
et al, 2003), plant extract (Yen et al, 2001, Zhu and Loft, 2001),
flavonoid (Senthilmohan et al., 2003) and aquatic animals (Janssens et
al.,, 2002). The cells of the human body are continuously attacked by
physical agents (such as solar radiation), a variety of chemical
compounds and ROS. These substances can induce DNA damage. If
DNA damages are not repaired, it can initiate cascade of biological
consequences at the population and also could promote cancer
development via several mechanisms (Bagchi et al., 2000).

Antioxidative activity of a brown seaweeds E. cava can be due to
carotenoid pigments (fucoxanthin), polyphenolics (phlorotannins), vitamin
(vitamin C and E), sulfated polysaccharides, their breakdown products
(laminarin and fucoidans) and proteins or their breakdown products
(Nardella et al., 1996; Yan et al., 1999; Ramos and Xiong, 2002; Burtin,
2003). In the enzymatic hydrolysis, polyphenolics, vitamin C, sulfated
polysaccharides and protein 'of - the above potential antioxidative
materials can be the most effective due to their native water soluble
character. Polyphenolics are present in foods as polyphenolics sugar
compounds, which are called glycosides in general or more specifically
glucosides, rutinosides, or xylosides depending on their sugar moiety.
The sugar polyphenolics bond is a [-glycosidic bond which is resistant
to hydrolysis by pancreatic enzymes (Kithnau, 1976, Hollman et al,
1997). Generally, a major part of brown seaweed polyphenols is high
molecular weight (>10 kDa) and potentially bind with polysaccharide.
Therefore the breakdown of sugar may enhance the availability of free
polyphenols to scavenging free radical or any other oxidative materials.
thus, It can be assumed that higher H>O2 scavenging activity is noticed
from >30 kDa fraction because of high molecular weight of
polyphenolics and polysaccharides which are potential bioactive
compounds. However, the correlation between scavenging activity and
those bioactive compounds of E. cava are still unknown. Therefore
further experiments are need to purify the compounds responsible for

scavenging effects.
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Part II

Protective effect of ECUL on

H-02-induced cell damages
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Part I

Protective effect of ECUL on H202-induced cell

damages

1. ABSTRACT

Celluclast extract of FEcklonia cava was separated by millipore’s
Labscale TFF system (Millipore, Billerica, USA) to obtain more than 30
kDa molecular weight fraction which showed the highest antioxidant
activity in the previous results. The >30 kDa fraction was
sub—fractionated by liquid-liquid partition using a mixture of methylene
chloride and methanol (1:1, v/v), and then the resultant upper layer
(ECUL) and down layer (ECDL) were investigated for H-O. and DPPH
radical scavenging activity, as . well as protective effect against
H>Os-induced cell damage. In  addition, we measured the protective
effect of these fraction on H:O:-induced apoptosis. H»O» and DPPH
radical scavenging activity of ECUL was increased in a dose-dependent
manner. ECUL strongly enhanced cell viability against H>O:-induced
oxidative damage in the chinese hamster lung fibroblast (V79-4) cell
line. Furthermore, ECUL reduced the proportion of apoptotic -cells
induced by H20s, as demonstrated by decreased sub-Gi hypodiploid cells
and decreased apoptotic body formation in flow cytometry assay.
According to the result, ECUL of E. cava Celluclast extract exhibits a

good antioxidant activity against H2O» mediated cell damage in vitro
2. MATERIALS AND METHODS
2. 1. Materials

1-Diphenyl-2-pricrylhydrazyl (DPPH), 2,2'-azino-bis—3-ethylbenzthia—-
zoline-6-sulfonic acid (ABTS), thiobarbituric acid (TBA), 3-(4,5-
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Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium  bromide (MTT), and
Hoechst 33342 were purchased from sigma (St. Louis, MO, USA). The

other chemicals and reagents used were of analytical grade.

2. 2. Preparation of Celluclast extracts from E. Cava

The Celluclast extract was obtained according to the method used
by Heo et al. (2003). The freeze dried E. cava were pulverized into
powder using a grinder. One gram of the dried E. cava sample was
homogenized with 100 ml of buffer (Table 1-1) and mixed with 100 ul
of Celluclast. Sample was adjusted to be within the optimum range of
the respective enzyme and enzymatic reactions were performed for 12 h.
Finally, the reaction was clarified by centrifugation at 3000 x g for 20
min to remove the unhydrolyzed residue. Celluclast extract of the
seaweed was obtained after filtering the supernatant and was stored for

further experiments (Fig. 1-1).

2. 3. Separation of hydrophilic antioxidant

In order to obtain hydrophilic antioxidants, Celluclast extract of E.
cava was separated into two different molecular weight fractions (<30
kDa and >30 kDa) by millipore’s Labscale TFF system (Millipore,
Billerica, USA). After >30 kDa fraction was sub-fractionated by
liquid-liquid partition using a mixture of methylene chloride and
methanol (1:1, v/v) then the resultant upper layer (ECUL) and down
layer (ECDL) were investigated for H;O» and DPPH radical scavenging
activity, and protective effect against H»Os-induced cell damage. In
addition, we measured the protective effect of these fraction on
H2O9-induced apoptosis

2. 4. Hydrogen peroxide scavenging activity
Hydrogen peroxide scavenging activity was determined according to

the method of Miiller et al. (1985). One hundred microliter of 0.1 M
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phosphate buffer (pH 5.0) and sample solution were mixed in a 96-well
plate. And 20 pl of H3O., was added to the mixture, and then incubated
at 37C for 5 min. After incubation, 30 pl of 1.25 mM ABTS and 30 ul
of peroxidase (1 unit/ml) were added to the mixture, then incubated for
10 min at 37C. The absorbance was read with an ELISA reader at 405

nm.
2. 5. DPPH radical scavenging activity

Free radical scavenging activity was determined by using a stable
free radical, DPPH, according to a slightly modified method of Blois
(1958). DPPH solution was prepared at the concentration of 4 x 10 M
in dimethyl sulfoxide (DMSO). During the assay, a 100 ul seaweed
extract and 100 pl of freshly prepared DPPH solution were thoroughly
mixed. The reaction mixture was incubated in the room temperature for
1 h. After standing for 1 h, the absorbance was recorded at 517 nm by
ELISA reader (ELX tek Instrument Inc). The percentage inhibition was
calculated as [1-(Ai-A;)/A.] 100; A; is the absorbance of extract mixed
with DPPH solution, A; is the absorbance of same extract mixed with
100 pl DMSO, A. is the absorbance of control with particular solvent

(without seaweed extract).
2. 6. Cell culture

Chinese hamster lung fibroblast line (V79-4) was maintained at 37°C
in an incubator with humidified atmosphere of 5% CQOs. Cells were
cultured in Dulbecco’s modified Eagle’'s medium containing 10%
heat-inactivated fetal calf serum, streptomycin (100 pg/ml), and

penicillin (100 unit/ml)
2. 7. Assessment of cell viability

Cell viability was estimated by the MTT assay, which is a test of

metabolic competence based upon assessment of mitochondrial
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performance. It is colorimetric assay relying on the conversion of yellow
tetrazolium bromide to the purple formazan derivative by mitochondrial
succinate dehydrogenase in viable cells (Mosmaann, 1983). Cells were
seeded at a concentration of 1.0 x 10° cells/ml. After 16 h, cells were
treated with enzymatic extracts at difference concentration (1, 5, 10 and
100 pg/ml). Then 10 pl of 1 mM H20; was to reach added to the cell
culture medium and incubated for 24 h at 37C. MTT stock solution (50
ul; 2 mg/ml) was then added to each well for a total reaction volume
of 200 pl. After incubating for 4 h, the plate was centrifuged at 800 x
g for 5 min and the supernatants were aspirated. The formazan crystals
were dissolved in 150 pl of DMSO and absorbance was measured using
an ELISA at 540 nm. Relative cell viability was determined by the
amount of MTT converted to the insoluble formazan salt. The optical
density of the formazan formed in the control cells was taken as 100%
viability. Data are mean percentages of viable cells versus the

respective control.
2. 8. Nuclear staining with Hoechst 33342

The nuclear morphology of «cells was studied by using the
cell-permeable DNA dye, Hoecht 33342. Cell with homogeneously
stained nuclei were considered to be viable, whereas the presence of
chromatin condensation and/or fragmentation was indicative of apoptosis
(Gschwind and Huber, 1995; Lizard et al.,, 1995). The V79-4 cells were
placed at a concentration of 1.0 x 10° cells/ml. Sixteen hours after
plating, the cells were treated with various concentration of the fraction
samples and further incubated for 1 h before exposed to H2O: (1 mM).
After 24 h, 15 pl of Hoechst 33342 (stock 10 mg/ml) was added to
each well, followed by incubation for 10 min at 37°C. The stained cells
were then observed under a fluorescence microscope equipped with a
CoolSNAP-Pro color digital camera to examine the degree of nuclear

condensation.

2. 9. Determination of DNA damage (Comet assay)
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The alkaline comet assay was conducted according to Singh et al
(1995) with a little modification. The L5179 cell suspension was mixed
with 75 pl of 0.5% low melting agarose (LMA), and added to the slides
precoated with 1.0% normal melting agarose (NMA). After solidification
of the agarose, the slides were covered with another 75 upl of 0.5%
LMA and then immersed in lysis solution (25 M NaCl, 100 mM EDTA,
10 mM Tris, 1% sodium laurylasarcosine, 1% Triton X-100 and 10%
DMSO) for 1 h at 4C. The slides were next placed into an
electrophoresis tank containing 300 mM NaOH and 10 mM NaEDTA
(pH 13.0) for 40 min for DNA unwinding. For electrophoresis of the
DNA, an electric current of 25 V/300 mA was applied for 20 min at
4C. The slides were washed three times with a neutralizing buffer (0.4
M Tris, pH 75) for 5 min at 4C, and then treated with ethanol for
another 5 min before staining with 50 pl of ethidium bromide (20
g/ml). Measurements were made by image analysis (Kinetic Imaging,
Komet 5.0, UK) and fluorescence microscope (LEICA DMLB, Germany),
determining the percentage of fluorescence in the tail (tail intensity, TT;

50 cells from each of two replicate slides).

2. 10. Assay for antioxidant enzymes

The V79-4 cells were seeded at 1 x 10° cells/ml. Sixteen hours after
plating, the cells were treated with various concentrations of the ECUL
for 1h. The harvested cells were suspended in 10 mM phosphate buffer
(pH 75) and lysed on ice by sonicating them twice for 15 sec. One
percentage of Triton X-100 was then added to the lysates and the
mixure was incubated for 10 min on ice. The lysates were separated
by centrifugation at 5000 x g for 10 min at 4C to remove the cellular
debris. The protein content of the supernatant was determined using
the Bradford method with bovine serum albumin as the standard.

The SOD activity was used to detect the level of epinephrine
auto-oxidation inhibition (Misra and Fridovich, 1972). Fifty micrograms
of the protein were added to 500 mM of the phosphate buffer (pH 10.2)
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and 1 mM epinephrine. Epinephrine rapidly undergoes auto-oxidation at
pH 10 to produce adrenochrom, which is a pink colored product that
can be measured at 480 nm using a UV/VIS spectrophotometer in
kinetic mode. SOD inhibits the auto-oxidation of epinephrine. The rate
of inhibition was monitored at 430 nm and one unit of enzyme activity
was defined as the amount of enzyme required to produce 50%
inhibition. The SOD activity is expressed as units/mg protein.

For catalase (CAT) activity fifty micrograms of protein was added
to 50 mM of a phosphate buffer (pH 7) and 100 mM (v/v) H:Oo; this
mixture was then incubated for 2 min at 37C and the absorbance was
monitored for 5 min at 240 nm. The change in absorbance is
proportional to the breakdown of H:O, (Carrillo et al., 1991), and one
unit of enzyme activity was defined as the amount of enzyme required
for the breakdown of 1 pM H:O.. The CAT activity is expressed as

units/mg protein.

2. 11. Statistical Analysis

Data were analysed using the SPSS package for Windows (Version
10). Values were expressed as meantstandard error (SE). The mean
values of the tail intensity from each treatment were compared using
one-way analysis of variance (ANOVA) followed by Duncan’s multiple

range test. P-value of less than 0.05 was considered significant.

3. RESULTS

3. 1. Hydrogen peroxide scavenging activity

Hydrogen peroxide scavenging activities of ECUL and ECDL were
shown in Fig. 2-1. As shown in the results, ECUL showed higher
activities than ECDL. ECUL increased H:0O: scavenging activity in a
dose—dependant manner and the activity reached to a maximum at the
highest dosage of 500 pg/ml (90.47%).
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3. 2. DPPH radical scavenging activity

The DPPH radical scavenging activities of ECUL and ECDL are
shown in Fig. 2-2. ECUL had the highest DPPH radical scavenging
activity (84%) at 100 pg/ml. Whereas at the same concentration ECDL
showed 67% DPPH radical scavenging effect. ECUL and ECDL showed
increased DPPH radical scavenging activity in a dose-dependent

manner.

3. 3. H202-induced cell viability by ECUL

The protective effect of ECUL against H2Os—induced cell damage in
V79-4 cells is exhibited in Fig. 2-3. In this study, although the
oxidative stress induced by 1 mM HO» caused about 50% V79-4 cell
damage ECUL treatment for 1 h markedly suppressed the damage of
H2O2 in a dose-dependent manner (Fig. 2-3). Hydrogen peroxide
reduced cell viability up to ~50%, but 50 ug/ml ECUL enhanced cell
viability up to 86%. Therefor, ECUL has high ability to reduce the
toxicity induced by HzO2 in V79-4 cells.

3. 4. Reduction of H202-induced apoptotic body by ECUL

In order to analyze the protective effect of ECUL on H>O:-induced
apoptosis, the author stained nuclei of V79-4 cells treated with H2O: in
the absence or presence of ECUL. Typical fluorescence photographs of
shrunken nuclei, chromatin condensation and appearance of apoptotic
bodies were shown in V79-4 cell after the treated with H2O2 (1 mM)
for 24 h (Fig. 2-4 B). The negative control, treated without the sample
and H2Os showed clear image and exhibited no DNA damage (Fig. 2-4
A). However, Obvious cell damage was observed in the cells treated
with H2Os. Cells treated with ECUL 1 h prior to H2O: treatment, a
dramatic reduction in apoptotic bodies. Therefore, the photographs (Fig.
1-8C and D) clearly suggest the ability of ECUL to protect cell damage
against HxO» attack.
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Fig. 2-1. Hydrogen peroxide scavenging activity (%) of ECUL and
ECDL. Experiments were performed in triplicates and data are

expressed as average percent change from control £ S.D.

_34_



\O
e}
]

BECUL
BECDL

activity (%)
Whn N I o0
oS O o O

[SSIENN
S
T

(e
~

DPPH radical scavenging
[\®]
e

[u—
e}
T

[e)

25 50 100 200
Concentration (pg/ml)

Fig. 2-2. DPPH radical scavenging activity (%) of ECUL and ECDL.
Experiments were performed in triplicates and data are expressed

as average percent change from control = S.D.

_35_



100
90 |
80
70
60 |
50
40
30
20 ¢

Cell survival rate (%)

0 1 10 25 50

Concentration (Ug/ml)

Fig. 2-3. Protective effect of ECUL against H:O.-induced oxidative
damage in V79-4 cells. Experiments were performed in triplicates

and data are expressed as average percent change from control *
S.D.
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Fig. 2-4. Protective effect of ECUL against H:Os-induced apoptosis in
V79-4 cells. Cellular morphological changes were observed using
fluorescence microscope. Photomicrographs of V79-4 cells treated
with (A) vehicle only; (B) 1 mM H:Os (C) 5 pg/ml sample + 1
mM H:O. (D) 25 pg/ml sample + 1 mM H:O.. Apoptotic bodies are

indicated by arrows.
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3. 5. Effect of ECUL on DAN damage of HzO2-induced cells

Inhibitory effect of ECUL against DNA damage was investigated
using comet assay (Fig. 2-5 and 6). The percent fluorescence in tail
DNA intensity of V79-4 cells was significantly increased in cells
treated with only H:O» This level of DNA damage induced by H20O:
was significantly controled dose-dependently by preincubating H20:
together with the ECUL at the concentrations of 1, 5, 10 and 25 pg/ml
in PBS (Fig. 2-5), and the activity reached to a maximum at the
highest dosage of 25 pg/ml (about 86%). Fig. 2-6 showed
photomicrographs of different DNA migration profiles obtained from
V79-4 cells, with the presence of different concentrations of ECUL. In
the cells exposed to only H2O» the DNA was completely damaged but
the addition of ECUL with H20. effectively suppressed DNA damage.

3. 6. Effect of ECUL on antioxidant enzyme activities

In order to examine whether these antioxidant properties of ECUL
are mediated by an increase in antioxidant enzyme activities, SOD and
CAT activities in V79-4 cells treated with ECUL were measured (Fig.
2-7). The SOD activity of control cells was 192 + 1.4 U/mg protein.
Treatment with the ECUL at 1, 5, 10 and 25 pg/ml increased 22%,
25%, 43%, and 48% SOD activity respectively (Fig. 2-7A). One the
other hand, CAT activity in untreated control cells was 154 * 14
U/mg protein (Fig. 2-7B). The presence of ECUL at the doses of 1, 5,
10 and 25 pg/ml increased 12%, 209, 32% and 41% CAT activity
respectively. Therefore, addition of the algal extract induced SOD and
CAT enzyme production dose dependently.
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Fig. 2-6. Comet images of L5178 cells: (a) negative control; (b) 50 uM
H>0; (c) 1 pg/ml sample + 50 pM H2O2 (d) 5 pg/ml sample + 50

uM H2O (e) 10 pg/ml sample + 50 uM H.O» (f) 25 pg/ml sample
+ 50 uM H20:2
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Fig. 2-7. Effect of ECUL on antioxidant enzyme activities (A) SOD
activity, (B) CAT activity were measured, as described in
MATERIALS AND METHODS. Experiments were performed in
triplicates and data are expressed as average percent change from

control £ S.D.
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4. DISCUSSION

High levels of free radicals or ROS create oxidative stress, which
leads to a variety of biochemical and physiological lesions and often
results in metabolic impairment and cell death. (Ames, 1998). Among a
variety of ROS, H»O. plays a pivotal role because it is generated from
nearly all sources of oxidative stress and can diffuse freely in and out
of cells and tissues (Hallivell and Aruoma, 1991). Cells are protected
from ROS-induced damage by a variety of endogenous ROS scavenging
enzymes, chemical compounds and natural products. Recently there has
been increasing interest in the therapeutic potential of natural plants as
antioxidants in reducing such free radical-induced tissue injury,
suggesting that many plants have antioxidant activities that could be
therapeutically useful. In the present study, more than 30 kDa fraction
was separated from E. cava Celluclast extract and the fraction was
sub-fractionated by liquid-liquid partition with a mixture of methylene
chloride and methanol (1:1, v/v) then the resultant upper layer (ECUL)
and down layer (ECDL) were investigated on the H:O; and DPPH
radical scavenging activity, and protective effect against H>O:-induced
cell damage.

ECUL from E. cava, increased HzO: and DPPH radical scavenging
activities and then enhanced the wviability of V79-4 cells exposed to
H202. The protective effect of ECUL on H:0:-induced apoptosis was
observed under microscopy. The cells exposed to H2O: exhibited distinct
morphological features of apoptosis, such as nuclear fragmentation and
apoptoic  body. However, the cells pretreated with ECUL had
significantly reduced H>O:-mediated apoptosis in V79-4 cells. Effect of
ECUL on HO2-induce DNA damage in V79-4 cells was increase of
DNA damage induced by H:0s, in contrast, V79-4 cells with H>O, and
ECUL treatment significantly inhibited in a dose-dependent manner.
Several studies have shown that increasing materials (environmental
pollutants, radiation, dietary habits and various chemicals) induced DNA

damage, which can lead to the diseases such as cancer and heart
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disease (Hertog et al., 1993, Hartmann et al, 1995; and Singh et al.,
1995).

In the present study, ECUL showed the inhibitory effect on
HyO2-induced DNA damage in V79-4 cells. Therefore, the ECUL have
the potential to inhibit the H2Os-induced DNA damage. The author
observed that ECUL increased activities of all antioxidant enzymes
examined, including SOD and CAT. These enzymes are modulated in
various diseases by free radical attack (Ames, 1998). Thus, maintaining
the balance between the rate of radical generation and the rate of
radical scavenging is an essential part of biological homeostasis. It is of
particular interest to note that SOD catalyzes the breakdown of O: to
02 and H>0,, and thus prevents the formation of -OH, and thereby,
has been implicated as an essential defense against the potential oxygen
toxicity. The ROS scavenging activity of SOD is effective only when it
is followed by the actions of CAT, as SOD generates H202 which
needs to be further scavenged by CAT. ECUL activited SOD and CAT,
indicating that this fraction can effectively scavenge O, and H-O.. The
effects of ECUL on cell wviability might involve dual actions: direct
oxygen radical scavenging of ECUL, and indirectly through the
induction of the antioxidant enzymes, SOD and CAT by ECUL.
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Antitumor activity and induction
of apoptosis by Ecklonia cava
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Part 11

Antitumor activity and induction of apoptosis by

Ecklonia cava enzymatic extract on tumor cells

1. ABSTRACT

Celluclast extracts of Ecklonia cava were examined for a potential
antitumor activity against four tumor cell lines such as U937 (human
monoblastoid leukemia cell line), HL60 (human promyelocytic leukemia
cell line), B16 (murine melanoma cell line) and HelLa (woman cervical
carcinoma cell line). Cellulclast extract was fractionated using
millipore’s Labscale TFF system with ultrafiltration membrane (5 and
30 kDa). The resultant fractions were collected according to the
molecular weight (<5 kDa, 5~30 kDa and >30 kDa). The >30 kDa
fraction inhibited cell growth on the four tumor cells than the other
fractions. Especially the fraction significantly showed inhibition of cell
growth against U937 cell. Therefore the dose-dependent effect of >30
kDa fraction on U937 cells was further investigated and the results are
showed clear dose-dependent antitumor activity on U937 cells Moreover
the activity clearly increased with the incubation time, the highest
activity (~63%). It was also revealed that >30 kDa fraction increased
DNA fragmentation, apoptotic body and sub-G; DNA contents in U937.
These results indicate that >30 kDa fraction of E. cava Celluclast
extract can control U937 cells through apoptosis. Therefore, >30 kDa

fraction has a potential anticancer activity.

2. MATERIALS AND METHODS
2. 1. Materials

3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT),
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propidium iodide (PI), and Hoechst 33342 were purchased from sigma
(St. Louis, MO, USA). The other chemicals and reagents used were of

analytical grade.

2. 2. Preparation of Celluclast extract from E. cava

The Celluclast extract was obtained according to the method used
by Heo et al. (2003). The freeze dried E. cava were pulverized into
powder using a grinder. One gram of the dried E. cava sample was
homogenized with 100 ml of buffer (Table 1-1) and mixed with 100 ul
of Celluclast. Sample was adjusted to be within the optimum range of
the respective enzyme and enzymatic reactions were performed for 12 h.
Finally, sample was clarified by centrifugation at 3000 x g for 20 min
to remove the unhydrolyzed residue. Celluclast extract of the seaweed
was obtained after filtering the supernatant and was stored for further

experiments (Fig. 1-1).

2. 3. Molecular weight fractionation of enzymatic extract

Cellulclast extract was fractionated using millipore’s Labscale TFF
system with ultrafiltration membrane (5 and 30 kDa) (Fig. 1-1). The
resultant fractions were collected according to the molecular weight (<5
kDa, 5~30 kDa and >30 kDa).

2. 4. Cell culture

U937 (human monoblastoid leukemia cell line), HL60 (human
promyelocytic leukemia cell line), B16 (murine melanoma cell line) and
HelLa (woman cervical carcinoma cell line) were grown in RPMI 1640
medium supplemented with 10% (v/v) heat inactivated fetal bovine
serum (FBS), penicillin (100 U/ml) and streptomycin (100 pg/ml).

Cultures were maintained at 37°C in 5 % CO: incubator.
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2. 5. Cell growth inhibition assay

The cytotoxicity of different molecular weight fractions from E.
cava Celluclast extract against the tumor cells (U937, HL60, B16 and
HeLa cells) was determined by a colorimetric MTT assay. Suspension
cells (U937 and HL60 cells) were seeded together with the extracts and
incubated up to 72 h before MTT treatment. Attached cells (HeLa and
CT26 cells) were seeded in a 96-well plate at a concentration of 2 x
10" cells/ml. Sixteen hours after plating, the cells were treated with the
extract samples. The cells were then incubated for an additional 72 h at
37°C. MTT stock solution (50 uwl; 2 mg/ml in PBS) was then added to
each well for a total reaction volume of 250 pl. After incubating for 4
h, the plate was centrifuged at 2,000 rpm for 5 min and the supernatant
was aspirated. The formazan crystals in each well were dissolved
DMSO. The amount of purple formazan was determined by measuring

the absorbance at 540 nm.
2. 6. Determination of DNA damage (Comet assay)

The alkaline comet assay was conducted according to Singh et al.
with a little modification. The cell suspension was mixed with 75 pl of
05% low melting agarose (LMA), and added to the slides precoated
with 1.0% normal melting agarose (NMA). After solidification of the
agarose, the slides were covered with another 75 pl of 05% LMA and
then immersed in lysis solution (25 M NaCl, 100 mM EDTA, 10 mM
Tris, and 1% sodium laurylasarcosine; 1% Triton X-100) for 1 h at
47C. The slides were next placed into an electrophoresis tank containing
300 mM NaOH and 10 mM NaEDTA (pH 13.0) for 40 min for DNA
unwinding. For electrophoresis of the DNA, an electric current of 25
V/300 mA was applied for 20 min at 4°C. The slides were washed
three times with a neutralizing buffer (0.4 M Tris, pH 7.5) for 5 min at
4C, and then treated with ethanol for another 5 min before staining
with 50 pl of ethidium bromide (20 pg/mL). Measurements were made

by image analysis (Kinetic Imaging, Komet 5.0, UK) and fluorescence
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microscope (LEICA DMLB, Germany), determining the percentage of
fluorescence in the tail (tail intensity, TL 50 cells from each of two

replicate slides).
2. 7. Nucleare staining with Hoechst 33342

The nuclear morphology of cells was studied by wusing the
cell-permeable DNA dye Hoecht 33342. Cells with homogeneously
stained nuclei were considered to be viable, whereas the presence of
chromatin condensation and/or fragmentation was indicative of apoptosis
(Gschwind and Huber, 1995; Lizard et al., 1995). The U937 cells were
placed in 24-well plate at a concentration of 1.0 x 10° cells/ml. The
cells were treated with various concentration (50, 100, and 200 pg/ml)
of the fraction samples. After 24 h, 1.5 pl of Hoechst 33342 (stock 10
mg/ml) and a DNA-specific fluorescent dye were added to each well
(1.5 ml), followed by incubation for 10 min at 37°C. The stained cells
were then observed under a fluorescence microscope equipped with a
CoolSNAP-Pro color digital camera to examine the degree of nuclear

condensation.
2. 8. Flow cytometry analysis

Flow cytometry analysis was performed to determine the proportion
of apoptotic sub—G; hypodiploid cells (Nicoletti et al., 1991). The U937
cells were placed in a 6-well plate at a concentration of 1.0 x
10°cells/ml. The cell were treated with various concentration of fraction
sample (50, 100 and 200 wg/ml). After 24 h, the cells were harvested at
the indicated time and fixed in 1 ml of 70% ethanol for 30 min at 4°C.
The cells were washed twice with phosphate buffered saline (PBS) and
incubated in the dark in 1 ml of PBS containing 100 pg PI and 100 pg
RNase A for 30 min at 37 C. Flow cytometric analysis was performed
with a FACSCalibur flow cytometer (Becton Dickinson, San Jose, USA).
The effect on cell cycle was determined by changes in the percentage

of cell distribution at each phase of the cell cycle and assessed by
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histograms generated by the computer program Cell Quest and Mod-Fit
(Wang et al., 1999).

2. 9. Statistical Analysis

Data were analysed using the SPSS package for Windows
(Version 10). Values were expressed as meantstandard error (SE). The
mean values of the tail intensity from each treatment were compared
using one-way analysis of variance (ANOVA) followed by Duncan’s
multiple range test. P-value of less than 0.05 was considered

significant.

3. RESULTS

3. 1. Inhibition of tumor cell growth by difference molecular
weight fractions from E. cava Celluclast extract

Initially, MTT assay was used as an indirect measure to evaluate
cell growth inhibition activity on tumor cell lines in the presence of
molecular weight fractions of Celluclast extract. The cell growth
inhibitory activity was shown in Fig 3-1. Of the tested molecular
weight fractions, >30 kDa fraction significantly suppressed the growth
of cell the tumor cellss the lowest molecular weight fraction of
Celluclast extract showed the poorest activity, however 5~30 kDa
fraction showed moderate activity. Compared to unfractionated sample,
the antitumor activity of >30 kDa recorded the highest activity,
especially against U937 cells the sample showed the highest cell growth
inhibition. Therefore the dose-dependent effect of >30 kDa fraction on
U937 cells was further investigated and the results are shown in Fig.
3-2. The highest molecular weight fraction (>30 kDa) showed clear
dose—-dependent antitumor activity on U937 cells, moreover the activity
clearly increased with the incubation time, the highest activity (~63%)

was recorded at 200 pg/ml after 72 h incubation time.
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Fig. 3-1. Effect of difference molecular weight fractions of E. cava
Celluclast extract on tumor cell growth inhibition activity in tumor
cells (U937, HL60, B16 and HeLa cells). Cells were treated with
100 pg/ml of different molecular weight fractions and measured for
viability by MTT assay at 72 h after the sample treatment.
Experiments were performed in triplicates and data are expressed

as average percent change from control £ S.D.
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Fig. 3-2. Effect of >30 kDa fraction of E. cava Celluclast extract in
U937 cells. Cells were treated with various concentrations of >30
kDa fraction and measured for viability by MTT assay at 12, 24,
48 and 72 h after the sample treatment. Experiments were
performed in triplicates and data are expressed as average percent

change from control £ S.D.

_51_



3. 2. Cytotoxic effects of >30 kDa fraction in normal cells

We compared to cytotoxic effects of >30 kDa fraction in leukemia
and normal cells (Table 3-1). In U937 cells, a dose-dependent cell
viability was observed. A slight reduction in cell viability of normal cell
(V79-4) was observed at 200 pg/ml of >30 kDa fraction after 72 h

incubation period.

3. 3. DNA damage of U937 cells by >30 kDa fraction

In this study, the ability of >30 kDa fraction from E. cava Celluclast
extract to damage nuclerous DNA of U937 cells was investigated by
comet assay. The cells in th control showed very low DNA strand
breakages (Fig. 3-3A) therefore % of fluorescence in tail was minimum
(about 5%) (Fig 3-4). In contrast, presence of the fraction in the
medium dose-dependently enhanced DNA damage of the U937 cells (Fig
3-3B, C, and D). Addition of >30 kDa fraction to the medium triggered
15%, 20% and 28% fluorescence in tail at the sample concentrations of
50, 100, and 200 wg/ml, respectively. Hence, the presence of the extract

in the medium effectively damage the unclear DNA of tumor cells.

3. 4. >30 kDa fraction induced apoptosis in U937 cells

The nuclear morphology changes of U937 cells were investigated by
using the cell-permeable DNA dye Hoechst 33342. Number of apoptotic
bodies were observed after the treatment of the fraction sample in a
dose-dependent manner (Fig 3-5). The cytotoxicity of >30 kDa fraction
on U937 cells was due to the induction of apoptosis, cell cycle analysis
was performed. >30 kDa faction dose-dependently decreased DNA
contents of the Go/Gi, S and Go/M phase, Compared to untreated
control it increased the apoptotic portion of sup-Gi peaks to 8%, 9%,
and 23% at the concentrations of 50, 100 and 200 upg/ml, respectively.
(Fig. 3-6 and 3-7).
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Table 3-1. Comparison with cell viability by >30 kDa fraction in

leukemia and normal cells

Treatment Concentration  Viability (%)
(ug/ml)
U937 V79-4
None (PBS) — 100.043.6 100.0+4.1
>30 kD fraction 50 86.3+1.4 105.3+2.7
100 63.6+4.3 104.842.9
200 36.2+3.5 92.4+3.7

U937 and V79-4 cells were treated with various concentrations of >30
kDa fraction and the cell were tested for viability by MTT assay after
the treatment of >30 kDa fraction for 72 h. Experiments were
performed in triplicates and data are expressed as average percent
change from control + S.D.
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Fig. 3-3. Comet images of U937 cells after the treatments of different
concentrations of >30 kDa fraction: (A) untreated sample; (B)

U937 cells treated with 50 pg/ml; (C) U937 cells treated with 100
ng/ml; (D) U937 cells treated with 200 pg/ml
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Fig. 3-4. The effect of >30 kDa fraction on nucleolus DNA damage in
U937 cells. Values are means with standard errors of duplicate

experiments.
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Fig. 3-5. Morphological changes of U937 cells treated with different
concentrations of >30 kDa fraction. Cells were treated with >30
kDa fraction for 24 h. (A) untreated cell; (B) U937 cells treated
with 50 pg/ml; (C) U937 cells treated with 100 pg/ml; (D) U937
cells treated with 200 ug/ml
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Fig. 3-6. Effect of >30 kDa fraction on cell cycle pattern and apoptotic
portion in U937 cells by flow cytometric analysis. Histogram
patterns of U937 cells treated with various concentrations of >30
kDa fraction for 24 h by cell cycle analysis. (A) untreated sample;
(B) U937 cells treated with 50 pg/ml; (C) U937 cells treated with
100 pg/ml; (D) U937 cells treated with 200 pg/ml.
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Fig. 3-7. Bar graph for cell cycle patterns of U937 cells treated by
various concentrations of >30 kDa fraction.
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4. DISCUSSION

While many anticancer agents have been developed and used for
patients, side effects and resistance to anticancer drugs are serious
problems to be overcome in the treatment of cancer (Panchal, 1998).
Therefore, the research and development of safer and better therapeutic
drugs have become necessary. Recently, there is a growing interest in
the use of marine bioresources for the treatment of various human
disease including cancer and microbial infection (Kashiwagi et al., 1980;
Gonzalez et al., 1982; Kosovel et al., 1988; Glombitza and Koch, 1989).
In the present study, E. cava Celluclast extract was prepared by using
enzymatic hydrolysis and into three different molecular weight fractions
(>5 kDa, 5~10 kDa, and <30 kDa). These fractions were investigated
for tumor cell growth inhibition activity, cell damage, morphologic
change and cell cycle in U937 cells.

Among different molecular weight fractions of E. cava, the >30 kDa
fraction of Celluclast extract was significantly recorded high cell growth
inhibition activity on four tumor cells than the other fractions, especially
against U937 cells. Therefore the dose-dependent effect of >30 kDa
fraction on U937 cells were further investigated and showed
dose-dependent antitumor activity on U937 cells. Moreover the activity
clearly increased with the incubation time, the highest activity (~63%)
was recorded at 200 pg/ml after 72 h incubation time. The >30 kDa
fraction—induced dose-dependantly DNA damage of U937 cells. It may
be well known that the growth inhibitory activities of the aqueous
extracts of brown seaweeds can be attributed to the phlorotannis and
fucoxanthin. Previous studies have reported that fucoxanthin would
causes tumoral cell growth inhibition of human neuroblastoma GOTO
cells, human leukemia cells, and prostate cancer cells (Okuzumi et al.,
1990; Nishino et al.,, 1992; Hosokawa et al., 1999 and Kotake-Nara et
al., 2001). Several phlorotannins of brown seaweeds have been identified
for their potential bioactivities such as antioxidant, antibacterial and
antihyluranase (Fukuyama et al., 1985, Fukuyama et al., 1989a;
Fukuyama et al., 1989b; Fukuyama et al.,, 1990; Nakayama et al., 1989;
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Nakamura et al., 1996; Alena and Steinberg, 1992; Hay and Fenical,
1988; Boettcher and Targett, 1993; Targett et al., 1995; Steinberg, 1992;
Jennings and Steinberg, 1997).

In present study, we have shown >30 kDa fraction-induced cell
death via an apoptotic pathway in U937 cells. Apoptosis is cellular
suicide or programmed cell death that is mediated by the activation of
an evolutionary conserved intracellular pathway (Bold et al., 1997).
Apoptosis include cell shrinkage and loss of contact with neighboring
cells, formation of cytoplasmic vacuoles, plasma and nuclear membrane
blebbing, chromatin condensation, and formation of apoptotic bodies
(Buttke and Sandstrom, 1994). These apoptotic bodies are rapidly
cleaned from the local tissue by macrophages (Wyllie, 1985). After U937
cells were treated with >30 kDa fraction for 24 h, the microscopic
observations demonstrated the apoptotic characters such as DNA
fragmentation and apoptotic bodies. (Fig 3-5). The apoptotic cells were
observed after the treatment of >30 kDa faction (Fig 3-6 and 7).
Apoptosis gives some clues  about  effective anticancer therapy, and
many chemotherapeutic agents were reported to exert their antitumor
effects by inducing apoptosis of cancer cells (Kamesaki, 1998). Recent
years have brought an increased understanding of the complexity of
cellular responses to drug interactions with a variety of cellular targets
that ultimately result in cell death (Kaufmann and Earnshaw, 2000)
Both DNA damage and protein damage can promote apoptosis. While
DNA damage initiates death signaling, protein damage is known to
distort the cell redox homeostasis, which facilitates apoptosis execution.
Our present findings indicate >30 kDa fraction may use control
leukemia cells through apoptosis and have a possibility of potential
anticancer activities. Further studies are needed to better understand
whether PHWE had effects on DNA damage (such as p53, Bcl-2, Bax,
cytochrome c¢, and caspases) or protein damage (such as thioredoxin an

glutathione) in cancer cells.
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SUMMARY

Reactive oxygen species (ROS) are unwanted metabolic by—products
of normal aerobic metabolism under high level of O: pressure. High
levels of ROS create oxidative stress, which leads to a variety of
biochemical and physiological lesions. Such cellular damage often
impairs metabolic function and leads cell death. Cells are protected from
ROS-induced damage by a variety of endogenous ROS scavenging
enzymes, chemical compounds and natural products. Recently there has
been attracted much interest in the therapeutic potential of natural
plants as antioxidants in reducing such free radical-induced tissue
injury, suggesting that many plants have antioxidant activities that
could be therapeutically useful.

While many anticancer agents have been developed and used, side
effects and resistance to anticancer drugs are serious problems to be
overcome In the treatment of cancer. Therefore, the research and
development of safer and better therapeutic drugs have become
necessary. Recently, there is a growing interest in the use of marine
bioresources for the treatment of various human disease including
cancer.

In the present study, natural water—-soluble enzymatic extracts from
E. cava, which were prepared by enzymatic hydrolysis using five
different carbohydrate degrading enzymes, carbohydrases (Viscozyme,
Celluclast, AMG, Termamyl and Ultaraflo) and proteases (Protamex,
Kojizyme, Neutase, Flavourezyme and Alcalase), were investigated for
antioxidant and antitumor activity. Celluclast extract of FE. cava
indicated hydrogen peroxide scavenging activity, which enhanced the
viability of V79-4 cells exposed to H:O:. The protective effect of the
enzymatic extract on H:Os-induced apoptosis was observed by
microscopy and flow cytometry. Cells exposed to H2O2 exhibited distinct
morphological features consistent with apoptosis, such as nuclear
fragmentation and an increase in the percentage of sub-G; hypodiploid

cells. However, cells that were pretreated with the enzymatic extract
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had significantly reduced characteristics of apoptotic cells, as shown by
their morphology and sub-G; DNA contents. >30 kDa fraction of E.
cava enzymatic extract had the strong cytotoxic effect on U937 cells.
The number of live U937 cells was less than 37% after exposure to 200
pg/ml >30 kDa fraction for 72 h. Therefore enzymatic extracts from E.
cava can be used in food and pharmaceutical industry. Further studies
are required in order to identify the antioxidant and antitumor

compounds being responsible for the results observed in this study.
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