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Abstract : Much of the interest on the chemopreventive properties of herbs and plants has been raised,
whereas little is regarding to anti-tumor effect of farming and aquatic products. In the present study,
the anti-tumor effect of hot-water extract of a seaweed, BLC (Sargassum fulvellum) and BLC/HEN egg
was investigated using MCF-7 cells in vitro and in vivo systems. We found that the BLC extract and
BLC/HEN egg inhibited cell proliferation in a dose-dependent manner, which might be mediated through
up-regulation of p53. Furthermore, this test compound can directly induce apoptosis in MCF-7 cells,
which might be mediated through up-regulation of a pro-apoptotic Bax protein and down-regulation of
a anti-apoptotic Bcl-2 protein, not by immune system. Nude mice bearing established breast tumors (with
exogenous estradiol) were treated with BLC extract and BLC/HEN egg. Treatment BLC extract and BLC/
HEN egg caused a 42% and 71% inhibition of tumor growth, respectively. Both agents caused a significant
inhibition of volume and weight growth of estrogen independent human breast tumors established from
MCF-7 cells. Our results suggested that BLC extract and BLC/HEN egg have the efficacious effect of
human breast cancer not only in vitro but also in vivo.
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Introduction

Cancer chemoprevention is defined as the use of natural,
synthetic, or biologic chemical agents to reverse, suppress,
or prevent carcinogenic progression to invasive cancer
[19]. Breast cancer is the most common form of cancer
affecting women with cases in North America and
Northern Europe being considerably higher than in
Asia, the Far East, Africa and South America. The Risk
factors of breast cancer include older age, personal
medical history, reproductive history, family history
and genetic risk factors, and lifestyle [4, 6, 13]. Lifestyle
is a potential target for chemoprevention of breast cancer.
The trial of breast cancer chemoprevention has shown
that tamoxifen prevents the development of the second
primary tumors and de novo breast cancer in high-risk

patients [19]. Other chemopreventive agents are
raloxifene (Razor), tibolone (Tizer), and the extract of
herbs or plants including soy, grape and licorice root.
Recently, chemoprevention with extract of herbs or
plants has been got more attention for the treatment
of cancer mortality [7, 8, 14]. 

The BLC (Sargassum fulvellum Sam-Hwa, Korea),
a brown algae has been widely consumed product in
Korean and other Asian sea. The fractional precipitation
with ethanol from hot-water extract of BLC have been
demonstrated to possess anti-tumor activities of sarcoma-
180 [20] and antioxidant activities [21]. However, little is
known regarding its anti-tumor effect of breast cancer.
The BLC/HEN (Sam-Hwa, Korea) egg is the egg
produced by HEN feeding with BLC. This study was
designed to investigate the anti-tumor effects of hot-
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water extracts of BLC and BLC/HEN egg, and
elucidate the potential mechanisms using an in vitro
and in vivo system. We found that the hot-water extract
of BLC and BLC/HEN egg were able to induce apoptosis
in MCF-7 cells in time dependent manner, which were
possibly mediated through up-regulation expression of p53
tumor suppress protein, down-regulation a anti-apoptotic
Bcl-2 protein and up-regulation a pro-apoptotic Bax
protein pathway. In addition, BLC and BLC/HEN egg
inhibited the growth of MCF-7 xenografts in the range
of 40-70%, when administered orally at a dose of
500 mg/kg/day (BLC) or orally at a dose of 1000 mg/
kg/day (BLC/HEN egg). BLC and BLC/HEN egg
decreased the number of breast metastasis found in
mice inoculated s.c. with MCF-7 carcinoma, BLC/HEN
egg 1000 mg/kg/day being the most effective.

Materials and Methods

Cell culture
MCF-7 cells (ATCC, USA) were cultured in D-media

[12] supplemented with 5% fetal bovine serum (Gibco,
USA).

Preparation of hot-water extract of BLC (Sargas-
sum fulvellum) and BLC/HEN egg

The fresh fruiting bodies of BLC were washed,
disintegrated, and extracted with hot-water for 1.5
hours. The crude extracts obtained were then subjected
into silica gel chromatography, and the elutes were
evaporated to dryness with a rotary evaporator. The
BLC/HEN egg powder was made by the method of
freeze drying.

Cell proliferation assay
The effects on cell proliferation were measured by

MTT assay, based on the ability of live cells to convert
tetrazolium salt into purple formazan. In brief, the cells
were seeded in 96-well microplates and incubated
overnight. Then the cells were treated with different
concentrations of the test compounds (12.5, 25, 50,
100, 200 and 400 µg/ml) or its vehicle, ethanol (0.1%)
for 72 hours. At end of these periods, 20 ul of MTT
stock solution (5 mg/ml, Sigma) were added to each
well and the plates were further incubated for 4 h at
37oC. The supernatant was removed and 100 ul of
DMSO were added to each well to solubilize the water
insoluble purple formazan crystals. The absorbency at

a wavelength of 570 nm was measured with Multiscan
MCC 340 microplate reader (Titertek, USA). All the
measurements were performed in triplicate. Results are
expressed as the percentages proliferation with respect
to vehicle-treated cells. 

Apoptosis Assay
The apoptotic effect of BLC and BLC/HEN egg on

MCF-7 cells was analyzed by nuclear DNA staining
assay. The control and compound-treated cells were fixed
in 4% paraformaldehyde in PBS for 20 min, washed
with PBS, stained with Hoechst 33258 at 1 µg/ml in
PBS for 15 min. Stained cells were washed twice with
PBS. The changes in nuclei were observed with a
fluorescent microscope (Olympus, USA) through a UV
filter.

Flow cytometric analysis of apoptosis
MCF-7 cells in the exponential phase of growth were

treated with BLC and BLC/HEN egg (100 µg/ml) for
the indicated times, then harvested by trypsinization,
and washed twice with ice-cold PBS and fixed by 70%
ethanol at -20oC for at least 30 min. The fixed cells
were then washed twice with ice-cold PBS and stained
with 50 µg/ml of propidium iodide in the presence of
50 µg/ml RNase A for 30 min. Cell cycle distribution
was analyzed using FACS Calibur (Becton & Dickinson,
USA). Data from 10,000 cells per sample were
collected and analyzed using the Cell Fit Cell analysis
program.

Western blot analysis
MCF-7 cells were grown in a 10-cm dish, and when

cell density reached 80-90% confluence, cells were
treated with alcohol extract of BLC and BLC/HEN Egg
(100 µg/ml) for the indicated times. The cells was then
washed once with ice-cold PBS and lysed with lysis
buffer (20% SDS containing 2 mM phenymethylsulgonyl
fluoride, 10 mM iodoacetoamide, 1 mM leupeptin, 1
mM antipain, 0.1 mM sodium orthovanadate and 5
mM sodium fluoride) for 10-20 min. The lysates were
sonicated three times at 10-s intervals, aliquoted and
stored at -20oC. The protein concentration was determined
by the Bio-Rad DC protein assay (Bio-Rad, USA). Equal
amounts of protein (20 µg/lane) were subjected to 12%
SDS-PAGE and transferred to nitrocellulose membranes.
The membranes were subsequently incubated with the
corresponding primary antibodies, as indicated: a mouse
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anti-p53 monoclonal antibody, a mouse anti-Bcl-2
monoclonal antibody (Zymed, USA); a rabbit anti-Bax
antibody (Sigma, USA), a mouse anti-active PARP
polyclonal antibody (Santa Cruz, USA). Antibody
recognition was detected with the respective secondary
antibody, ether anti-mouse IgG, or anti-rabbit IgG
antibodies linked to horseradish peroxidase (Zymed,
USA). Antibody-bound proteins were detected by the
ECL western blotting analysis system (Amersham
Pharmacia Biotech, UK).

MCF-7 tumor growth in vivo
Thirty 6-week-old female BALB/c nude mice

purchased from Orient (Seoul, Korea) were used as
host animals. During the experiment, the animals were
housed five per cage in plastic cages with sterilized
white pine chips as bedding. The animal room was kept
specific pathogen-free, and was controlled for temperature
(22±3oC), light (12 h light/dark cycle) and humidity
(50±10%). Following one weeks acclimatization (at 7
weeks of age), the mice were randomized into three
groups of seven mice each of which received AIN-76A
diet and modified AIN-76A (500 mg/kg/day BLC or
1000 mg/kg/day BLC/HEN egg). Four weeks later,
3×107 MCF-7 cells/0.3 ml D-media supplemented with
10% FBS were injected with a 26-gauge needle. The
mice were supplemented with 17β-estradiol (Sigma,
USA) dissolved in 0.1% dimethylsulfoxide (Sigma, USA)
[18]. During the experiment, the mice had free access
to water. The mice were weighed, and locally growing
tumors were checked once a week until the termination
of the experiment. Tumor volume was calculated using
the formula: Π×larger diameter×smaller diameter2 [9].
The experiment was terminated 4 weeks after inoculation
of MCF-7 cells. At the termination of the experiment,
all mice were weighed and then sacrificed by cervical
dislocation. At autopsy, the locally growing tumors were
weighed. The growth inhibition was calculated as the
formula described by Hawkin et al. [9].

Statistical analysis
The data were expressed as the mean plus or minus

the standard error. Analyses were performed using SPSS
statistical software. When ANOVA revealed P<0.05,
the data were further analyzed by Sheffe’s multiple range
tests. Differences were considered statistically significant
at P<0.05.

Results

Hot-water extracts of BLC and BLC/HEN egg
inhibited proliferation of MCF-7 cells

To evaluate the effects of hot-water extract of BLC
and BLC/HEN egg on the growth of MCF-7 cells, the
cells were treated with series of concentrations from
12.5 to 400 µg/ml for 72 h. Cell growth was determined
by MTT assay. As shown in Fig. 1, hot-water extract
of BLC and BLC/HEN egg inhibited the proliferation
of MCF-7 cells in a dose-dependent manner. After 72
h of treatment, at 400 µg/ml, this hot-water extract of
BLC caused over the 60% inhibition of cell growth
compared with control. And, same dose BLC/HEN egg
caused the 30% inhibition of cell growth. As hot-water
extract of BLC and BLC/HEN egg 100 µg/ml has no
such effects on normal breast cells indicating that it
is selectively cytotoxic for the tumor cells (data not
shown), 100 µg/ml was used in all further experiments.

Hot-water extract of BLC and BLC/HEN egg
induced apoptosis in MCF-7 cells

The ability of the hot-water extract of BLC and
BLC/HEN egg to induce apoptosis in MCF-7 human
breast cancer cells was assessed using Hoechst 33258
staining (Fig. 2). The cells shrank, turned around, and
had a relatively smaller volume than control cells. It
was clear that apoptosis was induced in MCF-7 cells
within 48 hr.

Fig. 1. Inhibition of proliferation by BLC extract and BLC/
HEN egg. Cells were treated with various concentrations of
test compound for 72 h, and cell viability was determined
by the MTT assay. Results are expressed as percentages
proliferation compared with untreated control (mean±SE.,
n=3).
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Making sure of that BLC extract and BLC/HEN egg
decreased cell proliferation and induced cell death, cell

cycle analyses were performed with flow cytometry. As
shown in Fig. 3, cells accumulated in the apoptosis
(sub-G1) phase at 72 h after treatment with the test
compound, whereas the number of cells in G1/S phase
decreased in the same manner. BLC extract and BLC/
HEN egg were found to be effective on the apoptosis
of MCF-7 cells. 

Effects of hot-water extract of BLC and BLC/
HEN egg on the levels of p53, Bax and Bcl-2 in
MCF-7 cells

To explore the potential signing pathways underlying
BLC extract and BLC/HEN egg induced apoptosis, we
evaluated transcription factor p53 and Bcl-2 family
proteins by western blot. The Bax protein level was
increased 48 h after treatment and remained elevated
up to 72 h whereas, Bcl-2 protein level was decreased
48 h after treatment and remained elevated up to 72
h (Fig. 4). The results suggested that hot-water extract
of BLC and BLC/HEN egg induced apoptosis in MCF-
7 cells might be mediated through modulation of Bcl-
2 family. And, tumor suppress protein, p53 was increased

Fig. 2. Detection of apoptotic morphological changes in MCF-7 cells treated with alcohol extract of BLC extract and BLC/
HEN egg. Nuclei were stained with Hoechst 33258 and examined by fluorescence microscopy. (A) Control; (B) treated
with BLC extract; (C) treated with BLC/HEN egg.

Fig. 3. Cell cycle distribution in MCF-7 cells treated with
BLC extract and BLC/HEN egg. Results are expressed as
percentages compared with untreated control (mean ±SE.,
n=3). The number of cells at sub-G1 (apoptosis) phase
increased gradually and the number of cells at G1/S phase
decreased dramatically for 72 h after treatment.
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in time-dependent manner (Fig. 4).

Effects of hot-water extract of BLC and BLC/
HEN egg on PARP expression and cleavage in
MCF-7 cells 

To assess the role of PARP in this apoptotic process,
the expression of PARP was examined by western blot
analysis. As shown in Fig. 4, the 116 Kd PARP was
cleaved to its active 85 Kd in MCF-7 cells treated with
BLC extract and BLC/HEN egg. This result showed
that BLC extract and BLC/HEN egg induced apoptosis,
since treatment resulted in cleavage of PARP, the
substrate of several ICE-like proteases. 

Effects of hot-water extract of BLC and BLC/
HEN egg on tumor growth of MCF-7 cells in vivo 

Direct injection of established tumors with BLC

extract 500 mg/kg/day and BLC/HEN egg 1000 mg/kg/
day administered for 8 weeks resulted in no significant
body weight (Fig. 5). Tumor weights were 0.35±0.06,
0.20±0.11 and 0.10±0.02 g in the control group, BLC
extract and BLC/HEN egg-administration groups re-
spectively. Treatment with BLC suppressed the weight
of breast tumors by 42% and BLC/HEN egg also
decreased the weight of tumors by 71% (Table 1). 

The volumes of tumour growth were rapidly reduced
from 14 days after MCF-7 cells injection in BLC extract
and BLC/HEN egg -administration groups (Fig. 6(A)).
Fig. 6(B) shows that visually BLC extract and BLC/
HEN egg are effective in suppressing in vivo growth
of xenografted human MCF-7 breast tumors at the end
of the experiment. 

Fig. 4. Effects of BLC extract and BLC/HEN egg on
expression of p53, Bax, Bcl-2 and cleaved PARP proteins.
Cells were treated with hot-water extract of BLC and BLC/
HEN egg from 48h to 72h. Total cellular proteins were
prepared and western blot were performed with an antibody
specific for corresponding proteins.

Fig. 5. Change of body weights for 4 weeks after implantation.

Table 1. Effects of BLC extract and BLC/HEN egg in
xenograft nude mice

Group Tumor weight (g) Inhibited rate (%)

Control 0.35±0.06

BLC 0.20±0.11 42.1

BLC/HEN Egg 0.10±0.02 71.4

Fig. 6. Effects of BLC extract and BLC/HEN egg in MCF-
7 xenograft nude mice. The treatments were administered
as described in materials and methods. (A) Data represent
the mean tumor volume size for each group; (B) The pictures
were taken 4 weeks after implantation. 
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Discussion

Apoptosis, programmed cell death, plays a major role
in the development, tissue homeostasis, and elimination
of damaged cells [10]. Cancer prevention or therapy
may be accomplished at different steps of this process
by different mechanisms [11]. Apoptosis is the good
target of chemoprevention. This study has shown that
hot-water extract of BLC and BLC/HEN egg inhibited
cell proliferation and induced apoptosis in human breast
cancer cells. Furthermore, we found that both suppressed
the tumor growth of xenografted human MCF-7 breast
tumors. 

Apoptosis is regulated by members of the Bcl-2
family members [16], which act upstream of a family of
cysteine proteases known as the interleukin-1 converting
enzyme (ICE) protease family, which are often called
caspases [1]. The dysregulation of apoptosis contributes
to the pathogenesis of breast cancer, at least in part,
due to an imbalance between Bcl-2/Bcl-x and Bax [3].
BLC extract and BLC/HEN egg induced up-regulation
of pro-apoptotic protein Bax and down-regulation of
anti-apoptotic protein Bcl-2. These modulations of Bcl-
2 family raised apoptosis of MCF-7 cells indicating
nucleus fragment, shrinking and sub-G1 arrest in cell
cycle analysis. The apoptosis-promoting Bax protein leads
to mitochondrial dysfunction and the release of cyto-
chrome c from the mitochondria and then cleaves several
substrates including the PARP, a nuclear enzyme involved
in DNA repair and maintenance of genome integrity
and post-translational ribosylation of proteins, whereby
apoptosis occurs [22]. In this study we found the cleavage
of 116 Kd PARP to 85 Kd proteolytic fragments. The
results are consistent with previous reports using MCF-
7 cells [12]. The tumor suppressor protein p53 mutations
are implicated in some 30±50% of all breast cancers.
Therefore, designing alternative treatments strategies
aimed specifically at either restoring p53 function to
wild-type, or inducing optimal cellular outcome in
response to damage, is a promising, rapidly-developing
field in cancer research [23]. The hot-water extract of
BLC and BLC/HEN egg induced p53 overexpression
in time-dependent manner and then in human breast
cancer cells. 

The MCF-7 human breast cancer xenograft provides
an excellent model of clinical breast cancer and many
researchers used this method for experimenting the
cancer prevention or therapy [2, 5, 9, 15, 17]. We tested

BLC extract and BLC/HEN egg in MCF-7 xenograft
tumor models to define that both have the anti-tumor
effect on the human breast cancer. Our results show
that BLC extract and BLC/HEN egg suppressed the
weight of breast tumors by 42% and BLC/HEN egg
decreased the weight of tumors by 71% tumor growth
at the end of the experiment. The volumes of tumor growth
were rapidly reduced from 14 days after implantation in
BLC extract and BLC/HEN egg -administration groups. 

In conclusion, this study shows that the hot-water
extract of BLC and BLC/HEN egg induced apoptosis
in vitro and reduced tumor growth in vivo. Additionally,
we found that the modulation of Bcl-2 family and the
stimulation of p53 pathway may be closely related to
this cancer prevention and this may be an important
mechanism whereby the BLC extract and BLC/HEN
egg protects against tumor promotion. Therefore, the
hot-water extract of BLC and BLC/HEN egg may give
breast cancer preventive benefits to women.
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