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Abstract:    Seaweed has been used in traditional cosmetics and as a herbal medicine in treatments for cough, boils, 
goiters, stomach ailments, and urinary diseases, and for reducing the incidence of tumors, ulcers, and headaches. 
Despite the fact that seaweeds are frequently used in the practice of human health, little is known about the role of 
seaweed in the context of inflammation. This study aimed to investigate the influence of Jeju endemic seaweed on a 
mouse macrophage cell line (RAW 264.7) under the stimulation of lipopolysaccharide (LPS). Ethyl acetate extracts 
obtained from 14 different kinds of Jeju seaweeds were screened for inhibitory effects on pro-inflammatory mediators. 
Our results revealed that extracts from five seaweeds, Laurencia okamurae, Grateloupia elliptica, Sargassum thun-
bergii, Gloiopeltis furcata, and Hizikia fusiformis, were potent inhibitors of the production of pro-inflammatory mediators 
such as nitric oxide (NO), prostaglandin E2 (PGE2), interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-α). Based on 
these results, the anti-inflammatory effects and low cell toxicity of these seaweed extracts suggest potential thera-
peutic applications in the regulation of the inflammatory response. 
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1  Introduction 
 

The inflammatory response serves to protect the 
host against tissue wounds and microbial infections. 
An appropriate and proper inflammatory response 
depends on the careful regulation of a number of 
mediators such as cytokines, which are secreted by 

inflammatory cells such as macrophages and neu-
trophils (Park et al., 2006; Zhou et al., 2007). 
Macrophages are known to play a pivotal role in the 
host’s defense against harmful materials and are in-
volved in a variety of diseases including autoimmune 
diseases, pathogenic infections, and inflammatory 
disorders (Dokka et al., 2001; Kang et al., 2008). An 
inflammatory stimulus such as lipopolysaccharide 
(LPS) can activate macrophages to produce a variety 
of pro-inflammatory cytokines such as interleukin-1β 
(IL-1β), IL-6, and tumor necrosis factor-α (TNF-α), 
and other inflammatory mediators including pros-
taglandins and nitric oxide (NO), which are catalyzed 

 

 

‡ Corresponding author 
* Project partially supported by the Jeju Sea-green Program for the 
Regional Innovation System and the Regional Technology Innovation 
Program (No. RTI04-02-07) of the Ministry of Knowledge and Econ-
omy, Korea 
© Zhejiang University and Springer-Verlag Berlin Heidelberg 2010 

Journal of Zhejiang University-SCIENCE B (Biomedicine & Biotechnology) 
ISSN 1673-1581 (Print); ISSN 1862-1783 (Online) 
www.zju.edu.cn/jzus; www.springerlink.com 
E-mail: jzus@zju.edu.cn 



Yang et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol)  2010 11(5):315-322 
 

316 

by cyclooxygenase-2 (COX-2) and inducible nitric 
oxide synthase (iNOS), respectively.  

Overproduction of NO by iNOS has been im-
plicated in the pathology of several inflammatory 
disorders including septic shock, tissue damage fol-
lowing inflammation, and rheumatoid arthritis. 
Therefore, NO production induced by LPS through 
iNOS can reflect the degree of inflammation, and a 
change in NO level through inhibition of iNOS en-
zyme activity or iNOS induction provides a means of 
assessing the effect of agents on the inflammatory 
process (Zhou et al., 2007; Choi et al., 2008; Kanwar 
et al., 2009; O'Connor and O'Brien, 2009; Murakami, 
2009). Prostaglandins also play a major role as me-
diators of the inflammatory response. COX is an 
enzyme that converts arachidonic acid to pros-
taglandin. It is responsible for the production of large 
amounts of pro-inflammatory prostaglandins at the 
inflammatory site, and its uncontrolled activity is 
thought to play an important role in the pathogenesis 
of many chronic inflammatory diseases (Zhou et al., 
2007; Rao and Knaus, 2008; Scher and Pillinger, 
2009; Iyer et al., 2009). In addition, cytokines like 
TNF-α and IL-6 have been reported to be 
pro-inflammatory in vitro and in vivo, and the pro-
duction of TNF-α is known to be crucial for the in-
duction of NO synthesis in interferon-γ (IFN-γ) 
and/or LPS-stimulated macrophages. TNF-α elicits a 
number of physiological effects that include septic 
shock, inflammation, cachexia, and cell death. Simi-
larly, IL-6 is also considered to be a pivotal 
pro-inflammatory cytokine; for example, it is re-
garded as an endogenous mediator of LPS-induced 
fever (Kim J.Y. et al., 2008; de Benedetti, 2009; 
Fonseca et al., 2009; Radovits et al., 2009; Esposito 
and Cuzzocrea, 2009). Therefore, pharmacological 
interference with the production of NO, PGE2, and 
cytokines such as TNF-α and IL-6 is postulated to be 
useful for reducing many inflammatory disease states 
that are mediated by excessive and/or prolonged ac-
tivation of macrophages.  

Marine organisms have proven to be rich sources 
of structurally novel and biologically active natural 
compounds. These compounds have served as im-
portant chemical prototypes for the discovery of new 
drugs for use in the treatment of various human dis-
eases (Usami, 2009; Zhang and Kim, 2009; Blunt et 
al., 2009). Jeju Island, the largest island in Korea, is 

located in the southwest of the Korean Strait, and is 
well known for its distinctive environment. In par-
ticular, the sea levels around this island are known to 
fluctuate rapidly as a result of global warming. 
Therefore, in response to this unusual environment, 
the seaweeds that are present on Jeju Island may 
possess substantial endogenous protective mecha-
nisms (Kim K.N. et al., 2009; Kim M.M. et al., 2009). 

Some studies on seaweed-derived anti-inflam-
matory compounds have investigated potential in-
hibitory effects in in vitro systems, using LPS- 
stimulated macrophages. Therefore, bacterial LPS has 
become one of the best characterized stimuli used to 
induce the up-regulation of pro-inflammatory pro-
teins. However, there is still a lack of methods for 
evaluating the anti-inflammatory efficacy and 
mechanisms of action of anti-inflammatory com-
pounds (Dang et al., 2008; Kim S.K. et al., 2008; Kim 
K.N. et al., 2009; Kim M.M. et al., 2009). Hence, in 
this study we examined the inhibitory effect of Jeju 
seaweeds on NO, PGE2, TNF-α, and IL-6 production. 

 
 

2  Materials and methods 

2.1  Plant materials  

Most seaweeds were collected between March 
and July, 2006 from Jeju Island, Korea. The voucher 
specimens are deposited at the herbarium of the Jeju 
Biodiversity Research Institute (JBRI), Jeju, Korea. 
The materials for extraction were cleaned, dried at 
room temperature for two weeks, and ground into a 
fine powder. The dried algae (50 g) were extracted 
with 80% ethanol (EtOH; 2 L) at room temperature 
for 24 h and then evaporated under vacuum. The 
evaporated EtOH extract (10 g) was suspended in 
water (1 L) and partitioned with ethyl acetate (EtOAc; 
1 L), and this partition was repeated three times.  

2.2  Analysis of total phlorotannin 

To determine the total phlorotannin content in 
the seaweed extracts, the adjusted method with Fo-
lin-Ciocalteu reagent (Merck) was used. We added 
550 μl of distilled water/Folin-Ciocalteu solution 
(10:1, v/v) to 50 μl of diluted extract (1 mg/ml of 
ethanol). After 3 min, 200 μl of 2 mol/L sodium 
carbonate (Na2CO3) and 300 μl of distilled water were 
added. After 1 h standing at laboratory temperature, 
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absorbance was measured at 725 nm. The total 
phlorotannin content was calculated as a phloroglu-
cinol equivalent from the calibration curve of 
phloroglucinol standard solutions (concentration 
range, 0–1.0 mg/ml). All measurements were con-
ducted in triplicate. 

2.3  Cell culture 

Murine RAW 264.7 macrophages were cultured 
in Dulbecco’s modified Eagle’s medium (DMEM) 
supplemented with 10% (w/v) fetal bovine serum, 
100 U/ml penicillin, and 100 µg/ml streptomycin, all 
from GIBCO (Grand Island, NY, USA), in an incu-
bator at 37 °C in a humidified atmosphere of 95% air 
and 5% CO2. 

2.4  Cell viability 

Cell viability was determined by the 3-(4,5-  
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assay. RAW 264.7 cells were cultured in 
96-well plates for 18 h, followed by treatment with 
various concentrations (3.125, 6.25, 12.5, 25, 50, or 
100 µg/ml) of the EtOAc fractions of Jeju seaweeds. 
After a 24-h incubation, MTT was added to the me-
dium for 4 h. Finally, the supernatant was removed 
and the formazan crystals were dissolved in dimethyl 
sulphoxide (DMSO). Absorbance was measured at 
540 nm. The percentage of cells showing cytotoxicity 
was determined relative to the control group. 

2.5  Determination of NO concentration 

RAW 264.7 cells (5×105 cells/well) were incu-
bated in 24-well dishes for 18 h with 1 µg/ml of LPS 
and various concentrations (3.125, 12.5, 25, 50, or 
100 µg/ml) of the EtOAc fractions of Jeju seaweeds. 
The presence of nitrite, a stable oxidized product of 
NO, was determined in cell-culture media by a 
modified Griess method. The culture supernatant 
(100 µl) was mixed with the same volume of Griess 
reagent (1% (w/v) sulfanilamide and 0.1% (w/v) 
N-[1-naphthyl]-ethylenediamine dihydrochloride in 
5% (w/v) phosphoric acid) for 10 min, and the ab-
sorbance was measured at 540 nm.  

2.6  Measurement of PGE2 

The RAW 264.7 cells were cultured in 24-well 
plates for 18 h, followed by treatment with LPS in the 
presence of various concentrations (3.125, 12.5, 25, 

50, or 100 µg/ml) of samples. After a 24-h incubation, 
PGE2 in the culture supernatants was measured by an 
enzyme-linked immunosorbent assay (ELISA) kit.  

2.7  Cytokine assays 

The amounts of TNF-α and IL-6 in the 
cell-culture supernatant and in serum were measured 
using an ELISA kit (R & D, Minneapolis, MI). 
RAW 264.7 cells were plated in a 24-well cell-culture 
plate at a density of 2.5×105 cells/well and incubated 
with various concentrations (3.125, 12.5, 25, 50, or 
100 µg/ml) of seaweed extracts in 1 µg/ml LPS for 24 h. 
The culture supernatant was collected and assayed 
according to the manufacturer’s instructions to de-
termine the amounts of TNF-α and IL-6 that had been 
released from the cells.  

2.8  Statistical analysis 

All results were expressed as mean±standard 
error (SE). Each experiment was repeated at least 
three times. Statistical significances were compared 
between each treated group and analyzed by the Stu-
dent’s t-test. Data with P<0.05 were considered sta-
tistically significant. 
 
 
3  Results and discussion 
 

Since the overproduction of NO is harmful and 
results in various inflammatory and autoimmune 
diseases, pharmacological interference with the NO 
production cascade offers promising strategies for 
therapeutic intervention in inflammatory disorders. 
Therefore, we first investigated the effect of Jeju 
seaweed extracts on NO synthesis in activated 
macrophages. Murine macrophage RAW 264.7 cells 
can induce iNOS transcription and protein synthesis, 
and subsequent NO production in response to LPS 
stimulation alone. This cell system is an excellent 
model for evaluating topical agents and for screening 
potential inhibitors of the pathways that induce iNOS 
and NO production. In our search for natural products 
that possess anti-inflammatory activity, we prepared 
80% ethanol crude extracts from 14 native seaweeds 
from Jeju Island, Korea. The evaporated EtOH extract 
was partitioned with ethyl acetate. All ethyl acetate 
seaweed fractions were dissolved in 80% ethanol and 
diluted with sterile water to normalise the concentration 
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of the test sample. The Griess reaction, a spectro-
photometric determination for nitrite, was carried out 
to quantify the nitrite levels in the conditioned me-
dium of RAW 264.7 cells treated with LPS. The final 
concentration of ethanol in the culture media was 
0.1%, and this concentration of ethanol did not show 
any effect on the assay systems.  

Table 1 shows the inhibitory effect of seaweed 
extracts on NO production by LPS-activated macro- 
phages. Of the 14 extracts, 13 extracts showed greater 
than 50% inhibition of NO production at a concentra- 
tion of 100 μg/ml in the culture medium. Among these 
12 extracts, 5 (Laurencia okamurae, Grateloupia el-
liptica, Sargassum thunbergii, Gloiopeltis furcata, 
and Hizikia fusiformis) showed the most potent inhi-
bition in a concentration-dependent manner (Fig. 1). 
Their half maximal inhibitory concentration (IC50) 
values were 12.6, 28.5, 20.2, 21.2, and 26.8 μg/ml, 
respectively. The numbers of viable activated 
macrophages were not significantly altered by the 14 
extracts as determined by MTT assays (Table 1 and 
Fig. 1), thereby indicating that the inhibition of NO 
synthesis by the seaweed extracts was not simply the 
result of cytotoxic effects (Yang et al., 2009). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

COX is a key enzyme catalyzing the rate-limiting 
step in the biosynthesis of prostaglandins from ara-
chidonic acid. Growing evidence indicates that 
COX-2 plays a key role in several biological proc-
esses such as inflammation and tumorigenesis. This is 
because the targeted inhibition of COX-2 is a prom-
ising approach to inhibiting inflammation and car-
cinogenesis. Therefore, we examined the effects of 
Jeju seaweed extracts on PGE2 production in 
LPS-stimulated RAW 264.7 macrophages.  

When the macrophages were stimulated with 
LPS (1 μg/ml) for 24 h, the levels of PGE2 increased 
in the culture medium. Except for Ishige okamurae 
and Bonnemaisonia hamifera, 100 μg/ml of all sea-
weed samples suppressed the LPS-induced PGE2 
production (Table 1). Among the seaweed species, 
extracts from L. okamurae, G. elliptica, S. thunbergii, 
G. furcata, and H. fusiformis produced the most ac-
tive preparations, giving IC50 values of 11.7, 15.0, 
14.9, 9.7, and 15.0 μg/ml, respectively. They also 
inhibited LPS-induced PGE2 production in a dose- 
dependent manner (Fig. 2).  

Inflammation is activated in response to appro-
priate extracellular stimulation, most often by stress  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1  Inhibitory effect of Jeju seaweeds on the production of pro-inflammatory mediators 

Inhibition rate (%) Specimen 
number Scientific name 

NO PGE2 IL-6 TNF-α Cytotoxicity 

Phlorotannin 
content 
(µg/ml) 

JBR243 Sargassum nipponicum  72.1±2.7** 86.2±0.8** 74.9±7.2** 90.0±2.6** 132.6±5.2 58.0 
JBR256 Myelophycus simplex  81.9±0.3** 65.0±2.2** 74.5±4.5** 51.8±1.2** 103.5±1.6 33.0 
JBR270 Chondrus ocellatus  78.2±0.3** 90.7±1.0** 83.1±2.4** 71.0±1.9** 106.1±12.4 37.2 
JBR271 Ishige okamurae  30.8±0.9* NE 47.1±0.7* 3.1±0.8* 118.6±3.8 332.5 
JBR274 Bonnemaisonia hamifera  81.8±0.1** NE 18.0±0.6** 73.8±0.0** 99.5±1.0 72.2 
JBR345 Scytosiphon lomentaria  70.4±0.2** 89.9±1.5** 90.4±0.2** 55.2±0.3** 93.6±6.9 65.0 
JBR354 Callophyllis crispata  83.6±0.0** 84.7±3.1** 90.4±0.5** 75.7±0.9** 79.7±5.9 40.0 
JBR368 Padina arborescens  59.7±0.4** 80.5±0.9** 71.3±3.7** 80.9±0.7** 87.8±8.7 124.0 
JBR375a Laurencia okamurae  82.4±0.1** 82.1±4.2** 76.9±0.7** 52.5±0.0** 91.4±2.4 37.3 
JBR376  Chondria crassicaulis 75.7±0.0** 88.4±1.6** 84.8±0.6** 67.1±0.3** 87.5±5.3 54.7 
JBR510b Grateloupia elliptica  78.2±0.4** 81.0±4.8** 85.7±0.8** 63.8±0.8** 89.4±6.9 47.7 
JBR511b Sargassum thunbergii  77.3±0.2** 73.8±4.0** 46.9±4.4** 63.1±1.2** 98.0±3.7 44.8 
JBR518b Gloiopeltis furcata 77.6±0.5** 85.6±0.6** 82.1±2.2** 70.9±1.3** 108.3±4.8 53.3 
JBR538b Hizikia fusiformis 77.2±0.1** 81.0±4.8** 69.9±6.7** 61.5±3.9** 105.8±3.5 43.3 

The presence of nitrite, as a stable oxidized product of NO, was determined in cell-culture media by a modified Griess method. The 
amounts of PGE2, TNF-α, and IL-6 in the cell-culture supernatant and serum were measured using an ELISA kit. RAW 264.7 cells were 
incubated with various concentrations of seaweed extracts (25a, 50b, or 100 µg/ml). Cell viability was determined by MTT assay. The data 
represent the mean±SD of triplicate experiments. * P<0.05, ** P<0.01 vs. LPS alone. NE: no effects 
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Fig. 1  Effect of Jeju seaweed extracts on nitric oxide 
production in LPS-stimulated RAW 264.7 cells 
The cells were stimulated with 1 µg/ml of LPS only or with 
a combination of LPS and various concentrations (3.125, 
12.5, 25, or 50 µg/ml) of seaweed varieties JBR510 (a), 
JBR511 (b), JBR518 (c), JBR538 (d), and JBR375 (e) for 
24 h. Nitric oxide production was determined by the Griess 
reagent method. Cell viability was determined using the 
24-h culture of cells stimulated with LPS (1 µg/ml) in the 
presence of each sample. The data represent the mean±SD 
of triplicate experiments. * P<0.05, ** P<0.01 vs. LPS alone
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Fig. 2  Effect of Jeju seaweed extracts on PGE2 pro-
duction in LPS-stimulated RAW 264.7 cells 
The cells were stimulated with 1 µg/ml of LPS only or with 
a combination of LPS and various concentrations (3.125, 
12.5, 25, or 50 µg/ml) of JBR510 (a), JBR511 (b), JBR518 
(c), JBR538 (d), and JBR375 (e) for 24 h. PGE2 produced 
and released into the culture medium was assayed by the 
ELISA method. The data represent the mean±SD of tripli-
cate experiments. * P<0.05, ** P<0.01 vs. LPS alone 
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Fig. 3  Effect of Jeju seaweed extracts on IL-6 produc-
tion in LPS-stimulated RAW 264.7 cells 
The cells were stimulated with 1 µg/ml of LPS only or with 
a combination of LPS and various concentrations (3.125, 
12.5, 25, or 50 µg/ml) of JBR510 (a), JBR511 (b), JBR518 
(c), JBR538 (d), and JBR375 (e) for 24 h. IL-6 produced 
and released into the culture medium was assayed by the 
ELISA method. The data represent the mean±SD of tripli-
cate experiments. * P<0.05, ** P<0.01 vs. LPS alone 
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Fig. 4  Effect of Jeju seaweed extracts on TNF-α pro-
duction in LPS-stimulated RAW 264.7 cells 
The cells were stimulated with 1 µg/ml of LPS only or with 
a combination of LPS and various concentrations (3.125, 
12.5, 25, or 50 µg/ml) of JBR510 (a), JBR511 (b), JBR518 
(c), JBR538 (d), and JBR375 (e) for 24 h. TNF-α produced 
and released into the culture medium was assayed by the 
ELISA method. The data represent the mean±SD of tripli-
cate experiments. * P<0.05, ** P<0.01 vs. LPS alone 
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or pro-inflammatory cytokines including TNF-α and 
IL-6, and by bacterial components including LPS 
through the Toll-like receptors. As Jeju seaweed ex-
tracts potently inhibited the pro-inflammatory me-
diators, we further investigated their effects on 
LPS-induced IL-6 and TNF-α release by enzyme 
immunoassay. After 24-h incubation with both LPS 
(1 μg/ml) and solvent fractions of seaweed (12.5, 25, 
or 50 μg/ml), there was remarkable inhibition of 
TNF-α and IL-6. Extracts from L. okamurae, G. el-
liptica, S. thunbergii, G. furcata, H. fusiformis and 
other seaweeds inhibited the production of IL-6 and 
TNF-α in a dose-dependent manner (Figs. 3 and 4). 
Furthermore, the L. okamurae fractions (25 μg/ml) 
significantly decreased the levels of IL-6 and TNF-α 
production by up to 76.9% and 52.5%, respectively.  

Phlorotannins are aromatic secondary plant me-
tabolites, widespread in the seaweeds that are associ-
ated with the nutritional, anti-inflammatory and an-
tioxidant properties of various foods. Therefore, the 
total phlorotannin content of each of the 14 seaweeds 
was assessed. Four extracts, from Ishige okamurae, 
Padina arborescens, Bonnemaisonia hamifera, and 
Scytosiphon lomentaria, showed high phlorotannin 
content (>60 μg/mg) (Table 1). 

Considering these results, we suggest that the 
Jeju seaweed extracts in this study, especially those 
from L. okamurae, G. elliptica, S. thunbergii, G. 
furcata, and H. fusiformis, may be considered as 
possible candidates for anti-inflammatory agents. 
Further investigations will focus on the in vivo as-
sessment of the biological activity of seaweed ex-
tracts and on the chemical identification of the major 
active components responsible for anti-inflammatory 
activity in the efficacious seaweed extracts. The ef-
ficacies of I. okamurae (Kim K.N. et al., 2009; Kim 
M.M. et al., 2009), S. thunbergii (Samee et al., 2009) 
and G. furcata (Bae and Choi, 2007) extracts have 
already been reported. To the best of our knowledge, 
this is the first report demonstrating the in vitro 
anti-inflammatory activities of S. nipponicum, M. 
simplex, C. ocellatus, B. hamifera, S. lomentaria, C. 
crispata, P. arborescens, L. okamurae, C. crassicau-
lis, G. elliptica, and H. fusiformis extracts, and pro-
viding a scientific basis for their application in human 
health.  
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