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SEAWEED SARGASSUM HEMIPHYLLUM

Pai-An Hwang*, Chwen-Herng Wu*, Shu-Yun Gau*,

Shih-Yung Chien*, and Deng-Fwu Hwang**
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ABSTRACT

The hot-water extract of seaweed Sargassum hemiphyllum
was evaluated antioxidant activity by using four different
methods, including DPPH free radicals scavenging activity,
Fe™ chelating activity, superoxide anion radical scavenging
activity and reducing power, and the immune-stimulating
activity by using HBACS5 cells and J774.1 cells. It was found
that the antioxidant activity was increasing in correlating with
the concentration below 3.5 mg/ml. The HBACS5 cells showed
the maximum relative activities of cell proliferation (174%)
and IgM secretion (132%) at 120 pg/ml of hot-water extract.
Overheating slightly reduced the immune-stimulating activity
of hot-water extract. At 80 pug/ml, J774.1 cells showed the
maximum relative activities of cell proliferation (141%) and
phagocytosis (147%). Hence, the hot-water extract of sea-
weed S. hemiphyllum plays the important role on antioxidant
and immune-stimulating activities.

I.INTRODUCTION

The brown seaweed, Sargassum sp. (Phaeophyceae), is a
common plant which distributes around the coast of Taiwan.
Rowboats will get entangled in a widespread and closely lay-

ered weed that lies around the coast from March through April.

In Taiwan, Sargassum sp. is used as a traditional Chinese
medicine for cervical lymphadenitis, edema, alay, urinary
diseases, etc [32], but it is not consumed. It has been reported
to be the potential source of valuable glycolipids [11], phe-
nolic substances [4] and carbohydrates [3]. Their inhibiting
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effects on the atopic allergic reaction [18] and protein bioavail-
ability [30] have been reported, and the seaweed possesses
heavy metal accumulation [25]. However, their effects on
antioxidant and immune-stimulating activities are not avail-
able so far.

Antioxidantsinhibit or prevent oxidation of a substrate, and
evolve to protect biological systems against damage induced
by ROS (reactive oxygen species). Among the sources of
natural antioxidants, marine seaweeds are now being consid-
ered to be arich source of antioxidants.

The HBACS cells are the human-human hybridomas pro-
ducing monoclonal antibody against human lung cancer, and
J774.1 célls are the murine macrophage-like cell line, both of
them have been used in screening of immune-stimulating
activity for natural products[17, 23]. Following thisway, the
immune-stimulating activity of hot-water extract of seaweed
S hemiphyllum was undertaken.

In this study, we investigated the antioxidant activities of
hot-water extract from S hemiphyllum by four different de-
tection methods and the immune-stimulating activity by
HBA4C5 cells and J774.1 cells. These data should be useful
with regard to supporting this seaweed as a Chinese medicine
herb.

[I.MATERIALSAND METHODS

1. Sample

Fresh Sargassum hemiphyllumwas collected from the coast
of Penghu County, Taiwan during a period from January to
March, 2006. Seaweed was washed and dried in a current air
with dryer (RISEN Co., LTD, RHD-602D) at 40°C for 90 min.
The dried sample was ground to flour with a mini blender
(D3V-10, YOUQI, Taiwan) and then further dried with adryer
(RISEN Co., LTD, RHD-602D) at 50°C for 10 min. Thedried
seaweed (100 g) was treated with 5 | of distilled water and
boiled (100°C) for 30 min. The extracts were centrifuged at
4,500 rpm for 20 min, and the supernatant was lyophilized
under reduced pressure under as following condition: The
temperature was about -20°C, the pressure was about 2 mmHg
(EYELA, FDU-1200), and the hot-water extract was then kept



42 Journal of Marine Science and Technology, Vol. 18, No. 1 (2010)

at -20°C for the following tests. The test solution was pre-
pared of the freeze-dried hot-water extract dissolving in dis-
tilled water.

2. Reagents

1,1-Diphenyl-2-picrylhydrazyl (DPPH), 3-(2-pyridyl)-5,6-bis
(4-phenyl-sulfonic acid-1, 2, 4-triazine (Ferrozine, trichlorace-
tic acid (TCA), potassum hexacyanoferrate [K3Fe(CN)g], ni-
troblue tetrazolium salt (NBT), xanthine oxidase (XOD), ethyl-
enediaminetetraacetic acid disodium salt (EDTA), and L-ascorbic
acid were purchased from Sigma Chemical Co. (St. Louis,
USA). Other reagents were analytic grade.

3. Chemical Composition Analysis

The test solution was analyzed for total sugar, protein,
uronic acid, sulfate and total phenolic compounds. Total sugar
was determined by the phenol-H,SO, method using glucose as
the standard [8]. Protein was determined by Lowry method
[15]. Uronic acid was determined by the procedure of Hoogen
et al. [10]. Sulfate was determined by the method of Dodgson
and Prince [7]. And total phenolic compounds was deter-
mined by the Folin-Ciocalteu method using gallic acid as the
standard [29]. The approximate chemical compositions of
freeze-dried hot-water extract were determined by AOAC
method [1], including moisture, crude protein, crude fat, ash
and total carbohydrate.

4. DPPH Free Radicals Scavenging Activity Assay

The scavenging activity for DPPH free radicals was meas-
ured according to the method of Shimada et al. [26]. DPPH
solution was prepared at the concentration of 0.1 mM in
ethanol. During the assay, the 1 ml of test solution (concen-
tration of 0.5-3.5 mg/ml) was mixed with 1ml DPPH solution.
The mixture was incubated in dark place for 30 min at 25°C.
After standing for 30 min, absorbance was recorded at 517 nm
by UV Beckman spectrophotometer (Beckman Coulter). The
percentage of DPPH free radicals scavenging activity was
caculated by following equation: Scavenging activity =
[1-(A1-AL)/Ag] % 100%. Ao, A; and A, are the absorbance of
the control (without test solution), the presence of the test
solution, and without DPPH, respectively.

5. Fe" Chelating Activity Assay

The Fe'? chelating activity of the hot-water extract was
determined by the method of Diniset al. [6]. One millileter of
the test solution (concentration of 0.5-3.5 mg/ml) was mixed
with 3.8 ml of distilled water and 0.1 ml of 2 mM FeCl,. After
30 sec, 0.2 ml of 5 mM ferrozine was added and reacted for 10
min at room temperature. After that, the absorbance of the
Fe*?ferrozine complex was measured at 562 nm. The che-
lating activity of the hot-water extract was calculated as fol-
lowing equation: Chelating activity = (Ag-A1)/Ag x 100%. Ag
and A; arethe absorbance of the control (without test solution)
and the presence of the test solution, respectively.

6. Superoxide Anion Radical Scavenging Activity Assay

The superoxide anion radical scavenging activity of the test
solution was determined by the method of Nagai et al. [19].
Thevolume of 0.48 ml of 0.05 M sodium carbonate buffer (pH
10.5), 0.02 ml of 3 mM xanthine, 0.02 ml of 3 MM EDTA,
0.02 ml of 0.15% bovine serum abumin, 0.02 ml of 0.75 mM
NBT and 0.02 ml of the test solution (concentration of 0.5-3.5
mg/ml) were mixed together. After pre-incubating at 25°C for
10 min, the reaction was started by adding 6 mU XOD and
carried out at 25°C for 20 min. And the reaction was stopped
by adding 0.02 ml of 6 mM CuCl, after 20 min. The absorb-
ance at 560 nm was measured, and the scavenging activity of
the hot-water extract was calculated as following equation:
Scavenging activity = (1-A1/Ag) X 100%. A, and A; are the
absorbance of the control (without test solution) and the
presence of the test solution, respectively.

7. Reducing Power Assay

The Fe*® reducing power of the hot-water extract was de-
termined by the method of Oyaizu [20]. One milliliter of the
test solution (concentration of 0.1-1.0 mg/ml) was mixed with
1 ml phosphate buffer (0.2 M, pH 6.6) and 1 ml of 1% potas-
sium hexacyanoferrate [KsFe(CN)g], followed by incubating
at 50°C in awater bath for 20 min. The reaction was stopped
by adding 1 ml of 10% TCA solution and then centrifuged at
5,500 rpm for 10 min. The supernatant (1.5 ml) was mixed
with 1.5 ml of distilled water and 0.1 ml of 0.1% ferric chlo-
ride solution for 10 min. The absorbance at 700 nm was
measured, and higher absorbance indicated greater reducing
power.

8. Proliferation and 1gM Secretion Assay in HBAC5 Cells

HBACS5 cell line was provided from Dr. Zwe-Ling Kong
(National Taiwan Ocean University) and cultured in a serum-
free eRDF-ITES medium. Célls at log phase were collected
by centrifugation at 1,500 rpm for 5 min and washed with
phosphate buffer solution (PBS). One milliliter of the test
solution (concentration of 0-180 ug/ml) was added and cells
were cultured for 24 hr at 37°C in ahumidified 5% CO,. Cells
were treated with water-soluble tetrazolium (WST, 4-[3-
(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio] - 1,3-benzene
disulfonate)-1 reageant and OD was read at 570 nm in a mi-
croplate reader [23]. IgM in the culture supernatants was
determined by enzyme-linked immunoassay (ELISA) [28],
and the absorbance was measured in an ELISA reader (Mo-
lecular Devices, Wako, Tokyo) at 410 nm.

In order to consider the manufacturing process, the test
solution was further treated with two conditions, 100°C for 1
hr and 121°C for 30 min, and then for proliferation and IgM
secretion studies. The relative activity % = (A1/Ag) % 100%,
Agand A; are the absorbance of the control (without test so-
Iution) and the presence of the test solution, respectively.

9. Proliferation and PhagocytosisAssay in J774.1 Cells
J774.1 cells, murine macrophage-like cell line, were also
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obtained from Dr. Zwe-Ling Kong and cultured in RPM1 1640
medium supplemented with 10% heat-inactivated fetal calf
serum (FCS), penicillin G (100 U/ml), and streptomycin (100
pg/ml).  One milliliter of the test solution (concentration of
0-120 pg/ml) was added and cells were cultured for 24 hr at
37°C in an atmosphere of 5% CO,. Cells were also treated
with WST-1 reagent and OD was read at 570 nm in a mi-
croplate reader. The phagocytosis assay was determined by
Vybrant Phagocytosis Assay Kit (V-6694) (Molecular Probes,
Inc., USA), and the fluorescent intensity was read at 480 nm
excitation, 520 nm emission.

10. Satistical Analysis

The data presented are mean + S.D. of three to five deter-
minations, and differences were considered to be statistically
significant if P< 0.05. L-Ascorbic acid was used as apositive
control. The value of median inhibit concentration (1C50) for
hot-water extract was recognized for inhibiting free radicals
concentration by 50% or absorbance up to 0.5, and graphically
estimated using a liner regression algorithm.

1. RESULT

1. Chemical Composition of Hot-Water Extract of
S. hemiphyllum

The color of freeze-dried hot-water extract from S hemi-
phyllum was brown and the approximate chemical composi-
tions were moisture 10.1%, crude protein 38.5%, crude fat
8.4%, ash 12.2% and total carbohydrate 30.8%. In test solu-
tion, the concentrations of total sugar, protein, uronic acid,
sulfate, and phenolic compounds were 0.821, 0.545, 0.053,
0.140, and 0.240 mg/ml, respectively.

2. Antioxidant Activities

The scavenging activity of hot-water extract from S hemi-
phyllum was increasing with increase of concentration and
showed alinear relationship (Y = 25.78X + 9.25, r = 0.960) by
determining with DPPH free radicals scavenging activity
assay, and the value of 1C50 was 1.58 mg/ml. Ironisatran-
sition metal and can accel erate or stimulate lipid peroxidation,
while the oxidation of Fe*? was inhibited by adding the hot-
water extract from S hemiphyllum, indicating the chelating
activity was a good linear dose-depending relationship (Y =
22.71X + 3.00, r = 0.975), and the value of IC50 was 2.07
mg/ml. Superoxide anion scavenging activity of hot-water
extract from S hemiphyllum was measured using the xan-
thine-xanthine oxidase system, showing the scavenging ac-
tivity was also a linear dose-depending relationship (Y =
18.89X + 4.50, r = 0.945), and the IC50 was 2.41 mg/ml
(Fig. 1). InFig. 2, the hot-water extract from S. hemiphyllum
exhibited the Fe* reducing power, resulting in a good linear
dose-depending relationship (Y = 1.20X + 0.01, r = 0.986),
and the value of IC50 was 0.41 mg/ml. Judging from these
results, the hot-water extract of seaweed S hemiphyllum
possessed the good antioxidant activities.

100

—— DPPH free radicals scavenging activity
2 . ..
— — Fe “ chelating activity
-+ Superoxide anion radical scavenging activity

Activity (%)

Concentration (mg/ml)

Fig. 1. The dose-related antioxidant activities of the hot-water extract of
Sargassum hemiphyllum as determined by the DPPH freeradicals
scavenging, Fe™ chelating and superoxide anion radical scav-
enging tests (n = 5).

1.4

1.2
1.0 1
0.8

061 . Y =22.71X +3.00

R?=0.975

Absorbance at 700 nm

0.4 1 =

0.2 1

0.0 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2
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Fig. 2. Thedose-related reducing power activity of the hot-water extract
of Sargassum hemiphyllum as deter mined by the reduction of Fe'
(n=5).

3. Proliferation and IgM Secretion in HB4C5 Célls

The hot-water extract of S. hemiphyllum showed the posi-
tive relative activity of cell proliferation of 118% at 30 ug/ml
and a maximum relative activity of 174% at 120 pg/ml, re-
sulting in the dose-depending relationship between 0 to 120
pg/ml (Fig. 3). Asindicated in Fig. 4, HBACS cells also se-
creted a linear positive relative activity of IgM secretion be-
tween 0to 120 pg/ml and showing amaximum of 132% at 120
pg/ml. Theincreased amount of IgM in the medium could be
regarded as the result of enhancement of specific IgM pro-
ductivity of each hybridomacell. Thisresult indicated that the
hot-water extract of S. hemiphyllum dlightly pays a role on
immune-stimulating activities. When the 120 ug/ml of
hot-water extract from S. hemiphyllumwas treated with 100°C
for 1 hr and 121°C for 30 min, the relative activity of cell
proliferation was dightly decreased and down from 174% to
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200
180- *
160
140+
120
100+
80
601
40
20

Relative activity of cell proliferation (%)

0 30 60 120 180
Concentration (pg/ml)

Fig. 3. The doserelated stimulating effect of the hot-water extract of
Sargassum hemiphyllum for HB4CS5 cells proliferation. The**”
means significant difference (p < 0.05) when compared to the
control group.

160
140 «

1204 T
100- -

80+
60
40-

201

Relative activities of IgM secretion (%)

0 T T T T T
0 30 60 120 180

Concentration (png/ml)

Fig. 4. The doserelated stimulating effect of the hot-water extract of
Sargassum hemiphyllum for IgM secretion of HB4C5 cells.
The'*” means significant difference (p < 0.05) when compared to
the control group.

162% and 168%, respectively. Similarly, the relative activity
of IgM secretion was aso down from 132% to 129% and
121%, respectively. But there has no significance between 3
groups (p > 0.05) (Fig. 5). It meant that the relative activity of
cell proliferation and IgM secretion of the hot-water extract
was comparatively stable when the severe heating occurs.

4. Proliferation and PhagocytosisAssay in J774.1 Cédlls

At 80 pg/ml, the hot-water extract of S. hemiphyllum showed
significantly the highest proliferation activity of 141% and
phagocytosis activity of 148% for J774.1 cells (Figs. 6 and 7),
while it was also the dosage of maximum relative activity. At
20 and 40 ug/ml, the cell proliferation and phagocytosis ac-
tivity were very close to control, and two activities showed

200
180 mmm Hot water extract
i 3 100°C, 1 hr
160 4 ™ B [2]°C, 30 min
< 1401
2120 u
z 1
S 100+
(5]
Z 80+
<
K 60
404
20
0 T T

Cell proliferation ~ IgM secretion

Fig. 5. The heat stability of the hot-water extract of Sargassum hemi-
phyllum as determined by the relative activities of proliferation
and IgM secretion of HBACS cells. Test solutions including the
hot-water extract of S. hemiphyllum (control) and which by
treating 100°C for 1 hr and 121°C for 30 min. No significant
difference (p > 0.05) was noticed among these test solutions.

200
180 1
160 1 *
140 1
120 1
100 1
80
60
40 1
20 1

0

Relative activities of cell proliferation (%)

0 20 40 80 120
Concentration (png/ml)
Fig. 6. The doserelated stimulating effect of the hot-water extract of
Sargassum hemiphyllum for J774.1 cells proliferation. The**”

means significant difference (p < 0.05) when compared to the
control group.

slightly decreasing at 120 ug/ml. There wasno linear positive
relative between cell proliferation/phagocytosis activity and
the concentration of hot-water extract.

V. DISCUSSION

The seaweed Sargassum sp. traditionally plays amajor role
in the management of human ill or as an active role in the
health care in many Asia countries [32]. The natural source
could help to solve the toxicity issues of synthetic antioxidant
compounds. In the present study, we focused on natural
hot-water soluble antioxidants and immune-stimulating sub-
stances from S. hemiphyllum. Judging from four methods to
determine the antioxidant activities of hot-water extract from
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200
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1404 T
1204
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Phagocytosis of J774.1 cell (%)
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Concentration (pug/ml)

Fig. 7. The doserelated stimulating effect of the hot-water extract of
Sargassum hemiphyllum for phagocytosis assay of J774.1 cells.

The'*” means significant difference (p < 0.05) when compared to
the control group.

S hemiphyllum, it showed that low concentration had good
efficacy on antioxidant functions, and all antioxidant activities
are positive dose-dependent linear relationships.

Among those assays to evaluate the antioxidant activities of
natural substances, DPPH isafreeradical donor, whichisused
to evauate the free radical scavenging effect of natural anti-
oxidants. Thewater soluble natural antioxidants from another
seaweed S. thunbergii exhibited the DPPH free radical scav-
enging activities, and the scavenging activity of the radicals
increased with increasing concentrations of the extract [21].
This result is similar to ours. In addition, the antioxidant
activities of commercial enzyme extracts from Sargassum sp.
exhibited more prominent effects in hydrogen peroxide scav-
enging, which was approximately 90% at 2 mg/ml [9]. The
DPPH free radicals scavenging activity of brown seaweed
Ecklonia cava water extract is 48.4 + 2.8% at 100 pug/ml [27].
Furthermore, the DPPH free radicals scavenging activity in
some brown seaweed methanol extracts exceeded 50%, the
most active seaweed species being Hijiki fusiformis (65%),
followed by Undaria pinnatifida (51.1%) and S fulvellum
(36.3%) [31].

The extract from S siliquastrum not only showed DPPH
free radical scavenging activity but also presented the inhibi-
tion of red blood cell hemolysis, suppression of lipid peroxi-
dation and scavenging activity of superoxide radicals [14].
Raghavendran et al. [22] reported that the extract of S poly-
cystum contained some antiulcer agents, which may maintain
the volume/acidity of gastric juice and improve the gastric
mucosa antioxidant defense system. They further pointed out
that the alcoholic extract of S polycystum might be due to the
presence of some active compounds that were inhibitory
against the free radicals generated during lipid peroxidation in
acetaminophen induced toxic hepatitis [2]. In this study, the
hot-water extract of S hemiphyllum showed good antioxidant

acitivities and contained alot of phenolic compounds. Hence,
it is supposed that those antioxidant activities may be due to
high level of total phenolic compounds.

Although various food components have been screened by
HBA4CS5 and J774.1 cells, there has no report for Sargassum sp.
so far. In this study, the immune-stimulating activities of
hot-water extract in S. hemiphyllum have been screened by
using HB4C5 and J774.1 cells. The data showed that the
hot-water extract of S. hemiphyllum not only could stimulate
HBACS5 and J774.1 cells but they were also thermally stable.
Yeh et al. [33] reported that administration of hot-water extract
of S. duplicatum through immersion or injection increased the
immune ability of shrimp by increasing total haemocyte count
(THC), phenoloxidase activity, respiratory burst and resistance
againgt bacteria. In addition, the extract of S. fusiforme showed
similar result on immune-stimulating activity of the shrimp
[12].

However, S. thunbergii and S kjellmaniaun have been re-
ported possessing antitumor activity, which is related to the
enhancement of immune responses [13]. Although some gly-
cosides are reported to be rich in the seaweeds and may be
related to promote immune-stimulating activities, the effective
compounds of immune-stimulating activities in these sea
weeds are needed to further study. The extract of the brown
seaweed Ascophyllum nodosum can enhances immune func-
tions, such as phagocytic activity, red and white blood cell
glutathione peroixdase and superoxide dismutase activity, and
protected against prolonged heat-induced oxidative stress [24].
Fucoidan, a polysaccharide obtained from natural sources
such as brown seaweed, macrophages treated with 10-100
mg/ml fucoidan increased phagocytosis, lymphocytes and
lysosomal enzyme activity [5]. Brown seaweed Undaria
pinnatifida extract significantly enhanced the cytolytic activ-
ity of Natural killer cells and increased the amount of inter-
feron (IFN)-gamma produced by T cells up to about 2 fold
compared with non-treated mice [16].

In conclusion, the hot-water extract of seaweed S hemi-
phyllum showed good antioxidant and slight immune-stimulating
activities by using four different in vitro antioxidant activity
testing systems and two cell culture assays. Therefore, the
hot-water extract of S hemiphyllum may be of a benefit to
patients suffering from a life style related disease, such as
cardiovascular diseases and cancer.
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