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Abstract Recently, algae has been considered as a potential anti-

inflammatory source due to its distinctive habitat environment

exposing to light and high oxygen concentration. In present study,

anti-inflammatory effect of brown alga, Sargassum fullvellum

ethanol extract (SFEE), was examined. SFEE inhibited not only

the production of nitric oxide and pro-inflammatory cytokines

(IL-6, IL-1β, TNF-α) but also the expression of inducible nitric

oxide synthase and cyclooxygenase 2 in LPS-induced RAW 264.7

cells without affecting cell viability. SFEE also suppressed the

expression of nuclear factor kappa B (NF-κB), suggesting that

SFEE could affect the expression of inflammation related cytokines

and proteins through the regulation of NF-κB. Furthermore,

formation of edema of the ear was 40% lower in mice treated with

the highest dose (250 mg/kg) of SFEE than in the control mice.

Thus, our study showed that SFEE may be a potential therapeutic

anti-inflammatory drug.
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Introduction

Inflammation is the result of the immune response of the host to

pathogenic stimuli or tissue damage, and activated macrophages

such as RAW 264.7 cells are involved in the process of

inflammation (Kaplanski et al., 2003). The inflammatory process

is initiated by complicated processes generated by microbial

pathogens, such as lipopolysaccharides (LPS), which is a prototypical

endotoxin (Corriveau and Danner, 1993). LPS directly activates

macrophages, which are typical inflammatory cells and play a

critical role in the inflammatory reaction. Activated macrophages

produce increased amounts of nitric oxide (NO), prostaglandins,

and cytokines such as interlukin-1 beta (IL-1β), IL-6, and tumor

necrosis factor alpha (TNF-α) (Watson et al., 1999; Kubes and

McCafferty, 2000). Other important inflammatory mediators include

inducible nitric oxide synthase (iNOS) and cyclooxygenase 2

(COX-2) enzymes (Van et al., 1994). iNOS is highly upregulated

by LPS in macrophages, and activation of iNOS induces excessive

release of NO (Esposito and Cuzzocrea, 2007). COX-2 is produced

in macrophages and endothelial cells in response to bacterial

lipopolysaccharides and proinflammatory cytokines and may be

related to the edema and vasodilatation associated with inflammation.

PGE2 is produced from arachidonic acid metabolites by the

catalysis of COX-2 (Murakami and Ohigashi, 2007). Activation

of the nuclear factor kappa B (NF-κB) plays a major role in

inflammation by regulating genes encoding inflammation-related

molecules such as iNOS and COX-2 (Lowenstein et al., 1993).

NF-κB is a transcription factor that consists of p50 and p65 (Rel

family) and exists in the cytosol bound to the inhibitory protein

IκB. This NF-κB complex acts through distinct signaling pathways

that finally lead to the activation of IκB kinase (IKK). IKK

initiates IκB phosphorylation at specific amino-terminal serine

residues and is activated in response to cell stimulation by TNF-

α, IL-1, and LPS (Rothwarf et al., 1998). Thus, pharmacological

reduction in the levels of LPS-inducible inflammatory mediators

is one of the essential conditions to alleviate various disorders

caused by activation of macrophages (Kim et al., 2008).

Currently, the development of natural anti-inflammatory drugs

for prevention or treatment inflammatory diseases is receiving

increasing attention. In particular, marine organisms are great

sources of structurally diverse bioactive compounds with various

biological activities. Seaweed is one of the valuable resources,

which can be used as anti-inflammatory drugs, and many

researchers have reported the anti-inflammatory effect of

compounds originated from marine algae, such as polysaccharides
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(Wijesekara et al., 2011) and polyphenols like phlorotannins

(Wijesekara et al., 2010). In addition, the bioactive compounds

like alginic acid, laminarin, iodine, and fucoidin from brown

seaweed are well known to inhibit or prevent a variety of

inflammatory diseases by suppressing the secretion of inflammatory

mediators in activated macrophages (Li et al., 2011). Sargassum is

tropical and sub-tropical brown algae comprising 150 species,

common to all oceans except Antarctica (Dar et al., 2007).

Sargassum have been studied extensively, and polysaccharides

extracted from different Sargassum algae such as S. dentifolium

(Amira et al., 2013), S. wightii (Josephine et al., 2008), S.

thunbergii and others (Kang et al., 2008) were reviewed and

showed the diverse bioactivities such as anti-oxidant, anti-

inflammatory, anti-genotoxic, and anti-cancer. However, the

mechanisms underlying the anti-inflammatory properties of the

ethanol extract of Sargauum fulvellum (S. fulvellum) are yet to be

established.

S. fulvellum, an edible brown alga, is collected from the coast

of Korea. Despite its abundant resources of S. fulvellum, only

anticancer, antibacterial, and antioxidant properties of S. fulvellum

have been reported to date (Bae, 2004). Further studies are

required to determine the potential anti-inflammatory activities of

S. fulvellum and its application in food and pharmaceutical

products. Therefore, in this study, we investigated the anti-

inflammatory effect of S. fulvellum ethanol extract (SFEE) by

evaluating the inflammation mediated cytokines and proteins in

vitro test. Also, in vivo studies, the formation of ear edema was

assessed to investigate the inhibitory effect of SFEE in an animal

model. Our results provide the basis of inhibitory effects of SFEE

through the regulation of NF-κB.

Materials and Methods

Chemicals. Specific antibodies against β-actin, COX-2, iNOS,

NF-κB p65, and anti-mouse immunoglobulin G-conjugated

horseradish peroxidase were obtained from Santa Cruz (USA).

LPS, dimethylsulfoxide (DMSO), and 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT) reagents were purchased

from Sigma (USA). Enzyme-linked immunosorbent assay (ELISA)

kits for TNF-α, IL-6, and IL-1β were purchased from BD

Biosciences (USA) and Dulbecco’s Modified Eagle’s Medium

(DMEM) was from GIBCO (USA). Fetal bovine serum (FBS)

and penicillin/streptomycin were purchased from Hyclone (USA),

and BCA protein assay kit and enhanced chemiluminescence kit

(ECL kit) were from Pierce (USA).

Preparation of SFEE. S. fulvellum was collected along the

Chung-Sa-Po coast of Korea in March 2008. The dried powder

was extracted with 80% ethyl alcohol at room temperature using

a stirrer (H-0820; Dongwon Science Co., Korea). Then, the extracts

were centrifuged at 2,090×g for 10 min, and the supernatant was

filtered and the filtrate was evaporated to remove the solvent

under reduced pressure at a temperature lower than 40oC by using

a rotary evaporator (RE 200; Yamato Co., Japan). The concentrate

was dried at 37oC to completely remove extraction solvent, and

was stored at −20oC before use. The yield of final extract was

20.54%.

Cell culture. The murine macrophages RAW 264.7 were purchased

from the Korean Cell Line Bank (KCLB 40071, Korea). RAW

264.7 cells were maintained in DMEM supplemented with 10%

FBS and 1% penicillin/streptomycin at 37oC in an atmosphere of

5% CO2.

 MTT assay for measuring cell viability. MTT was used as an

indicator of cell viability, which was determined on the basis of

mitochondrial-dependent reduction of MTT to formazan. Briefly,

the cells were seeded and treated with the indicated concentration

of SFEE (0.001, 0.1, 1. 10, 50, and 100 µg/mL) with LPS (1 µg/

mL) for 22 h, and then incubated with a solution of 5 mg/mL

MTT for the next 2 h. After the supernatant was removed, the

formazan was dissolved in DMSO. It was observed at 540 nm

using a microplate reader (Model 550; Bio-rad, USA).

Assay for nitrite by activated macrophages. The concentration

of NO in the culture supernatant was determined as nitrite, a major

stable product of NO, using the Griess reagent as described

previously (Corker and Laurent, 1998). RAW 264.7 cells (2.5×

105 cells/mL) were stimulated in 24-well plates with LPS (1 µg/

mL) and test extract for 24 h. Then, 100 µL of culture medium

from each well was mixed with the same volume of the Griess

reagent (1% sulfanilamide+0.1% naphthylendiamine dihydrochloride

in 5% phosphoric acid, 1:1). The nitrite level was evaluated

colorimetrically at 540 nm using a microplate reader, and the

nitrite concentration was calculated with reference to a standard

curve of sodium nitrite generated using a known concentration.

ELISA. The levels of TNF-α, IL-6, and IL-1β were determined

using an ELISA kit (Mouse ELISA set; BD Bioscience). Briefly,

RAW 264.7 cells (2.5×105 cells/mL) were stimulated in 24-well

plates with LPS (1 µg/mL) and indicated concentration of extracts

for 24 h. Then, levels of TNF-α, IL-6, and IL-1β in the culture

medium were measured by ELISA using anti-mouse TNF-α, IL-

6, and IL-1β antibodies and biotinylated secondary antibody

according to the manufacturer’s instruction.

Immunoblotting. Cells were lysed in the buffer containing 50

mM HEPES (pH 7.4), 150 mM NaCl, 5 mM EDTA, 1%

deoxycholate, 5 mM phenylmethylsulfonyl fluoride, 1 µg/mL

aprotinin, 1% Triton X-100, and 0.1% NP-40. Cell lysates were

centrifuged at 12,000 rpm for 20 min to remove debris. Equal

amounts of protein were separated on 10% sodium dodecyl

sulfate-polyacrylamide minigels and transferred to polyvinylidene

difluoride (PVDF) membranes (Bio-rad). The PVDF membranes

were blocked with 5% skim milk (Fluka, Switzerland) in Tris-

buffered saline containing 0.1% Tween 20 (TBST) buffer for 2 h

and then incubated with anti-mouse iNOS, anti-mouse COX-2,

and anti-mouse NF-κB p65 antibodies in TBST (1:500) for 2 h.

After washing 3 times with TBST, the membranes were incubated

for 1 h with a secondary antibody conjugated to horseradish

peroxidase (1:2000). After 3 washes in TBST, immunoreactive

bands were visualized using the ECL detection system and were

exposed to a radiographic film (Kodak X-Omat blue film,
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PerkinElmer, Waltham, USA). The signal intensity of each protein

bands was measured by densitometry, employing the Gene Tools

from Syngene software.

Acute oral toxicity test. BALB/c mice (10-week-old, 20–25 g

body weight) were used in an acute toxicity test. The animals

were maintained at room temperature (22±1oC) under a 12-h

light/12-h dark cycle with free access to food and water. Right

before the acute toxicity test, mice were fasted for 6 h with water

provided ad libitum. SFEE (5 g/10 mL of 5% tween-80/kg body

weight) was administered orally to the mice (n =5). Then, the

animals were observed for any abnormal behavior for 6 h, and

mortality was noted for up to 2 weeks. A group of animals treated

with 5% tween-80 served as control.

In vivo anti-inflammatory activity. To investigate the inhibitory

effect of SFEE in an animal model of inflammation, we performed

an assay to determine croton oil-induced ear edema in mice using

the following procedure. Briefly, male ICR mice (8-week-old, 20–

25 g body weight) were used, and the animals were housed at

22±1oC on a 12-h light/12-h dark cycle with free access to food

and water. We topically applied 2.5% croton oil dissolved in

acetone (20 µL/ear) to the inner and the outer surfaces of ear. One

hour before treatment with croton oil, SFEE was orally administered

to mice. Ear thickness was measured 5 h after croton oil treatment,

and increase in thickness after croton oil treatment was considered

as formation of edema. Prednisolone, commonly employed and

useful agents to treat the inflammatory disorders, was used as a

reference steroidal anti-inflammatory drug in this study (Chiu et

al., 2010).

Statistical analysis. Differences between conditions were assessed

by analysis of variance (ANOVA) according to Duncan’s multiple

range test (p <0.05) by using the SAS software (SAS Institute

Inc., USA). The data indicate means ± SD of three independent

experiments.

Results and Discussion

Effects of SFEE on cell viability. In order to evaluate the effect

of SFEE on a proliferation of RAW 264.7 cells, the MTT assay

was carried out. Our results showed that SFEE up to 100 µg/mL

has not adverse effects. Although cell viability tended to be

increased in all concentrations, it was not as much as that in the

control (Fig. 1). Thus, the anti-inflammatory reactions by SFEE

were not affected by the cytotoxic effect.

Effects of SFEE on LPS-stimulated NO production. Large

amounts of NO are produced under inflammatory stimuli and

overproduction of NO can be harmful and may cause various

inflammatory and autoimmune diseases (Berenbaum, 2000).

Thus, we determined the effect of SFEE on the production of NO

using the Griess assay. The secretion of NO in LPS-stimulated

macrophages increased dramatically compared to that in the

control, and the production of NO decreased in a dose-dependent

manner after treatment with SFEE (Fig. 2). LPS-induced NO

production was significantly inhibited, and it was reduced more

than 50% at 50 µg/mL and 100 µg/mL. In particular, SFEE

showed an excellent inhibitory effect on NO production at a low

concentration of 1 µg/mL, up to 47% inhibition. Many studies

have shown that fucoxanthin and fucoidan from brown alga

effectively suppress NO production (Hoe et al., 2010). These

results indicate that SFEE-induced inhibition of NO might be

because of the active ingredients in the SFEE. Also, this result

Fig. 1 Effect of Sargassum fulvellum ethanol extracts on the proliferation
of RAW 264.7 cells. RAW 264.7 cells (1×105 cells/mL) were pre
incubated for 20 h, and then treated with SFEE (0.001, 0.01, 0.1, 1, 10,
50, 100 µg/mL) for 24 h.The viability of macrophages on SFEE was
determined by MTT assay. The data indicate a means ± SD of three
independent experiments. The different letters indicate significant
differences determined by Duncan’s multiple range test (p <0.05). Cell
viability = sample O.D/ control O.D*100.

Fig. 2 Inhibitory effect of Sargassum fulvellum ethanol extracts on the
production of NO in RAW 264.7 cells. The production of NO was
measured in the culture medium of macrophages stimulated with LPS (1
µg/mL) for 24 h in the presence of SFEE (0.001, 0.01, 0.1, 1, 10, 50, 100
µg/mL). The data indicate a means ± SD of three independent experiments.
The different letters indicate significant differences determined by
Duncan’s multiple range test (p <0.05).
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could be related to that of iNOS expression showing decrease in

a dose-dependent manner (Fig. 6).

Inhibition of LPS-induced TNF-α, IL-6, and IL-1β

productions by SFEE. TNF-α, IL-6, and IL-1β are the most

critical proinflammatory cytokines; we measured the inhibitory

effect of SFEE on these mediators using ELISA. TNF-α is Th1

cytokine that has a wide range of actions in inflammation,

infection, and immunity, and IL-1β is also major proinflammatory

cytokine synthesized during the infection and inflammatory

process (Prussin and Metcalfe, 2003). IL-6 is a protein secreted by

Th2 cells and macrophages and plays an important role in immune

response. IL-6 regulates the proliferation and differentiation of T

cells, and elicits immunoglobulin production in B cells (Chen et

al., 2012). The RAW 264.7 cells were cultured in the media with

LPS (1 µg/mL) alone or in combination with the extract. Our

results showed that the production of the cytokines decreased in a

dose-dependent manner after treatment with both LPS and SFEE,

while the secretion of the cytokines increased significantly after

treatment with LPS alone. In particular, a remarkable inhibition of

IL-1β production was observed at 0.1 µg/mL and IL-6 production

decreased up to 50% at 50 µg/mL and 100 µg/mL (Fig. 3–5).

These results are similar to those of S. micracanthum extract,

which show that the production of proinflammatory cytokines

decrease in a dose-dependent manner, and these results were

caused by the phlorotannins in brown seaweed (Jung et al., 2009;

Li et al., 2011). Thus, these results are consistent with those

obtained in our study, and it suggested that SA-E extract could

influence Th2 cell activation as well as Th1 cell activation.

Effect of SFEE on LPS-induced expression of iNOS and COX-

2 protein. iNOS plays an important role in the inflammatory

reaction by producing excessive NO (Renard and Raes, 1999).

iNOS is involved in complex biological processes and is a well-

known host innate immune and inflammatory response to diverse

pathogens (Wallace, 2005). COX-2 is another important enzyme

induced by several stimuli such as LPS, cytokines, and growth

factors and is expressed in response to inflammation. Also, COX-

2 is related to the synthesis and production of PG, which regulates

Fig. 3 Inhibitory effect of Sargassum fulvellum ethanol extracts on the
production of TNF-α in RAW 264.7 cells. RAW 264.7 cells (2.5×105

cells/mL) were pre incubated for 18 h and then stimulated with LPS (1
µg/mL) for 24 h in the presence of SFEE (0.001, 0.01, 0.1, 1, 10, 50, 100
µg/mL). The production levels of TNF-α were measured in culture
media using an ELISA kits. The data indicate a means ± SD of three
independent experiments. The different letters indicate significant
differences determined by Duncan’s multiple range test (p <0.05).

Fig. 4 Inhibitory effect of Sargassum fulvellum ethanol extracts on the
production of IL-6 in RAW 264.7 cells. RAW 264.7 cells (2.5×105 cells/
mL) were pre incubated for 18 h and then stimulated with LPS (1 µg/mL)
for 24 h in the presence of SFEE (0.001, 0.01, 0.1, 1, 10, 50, 100 µg/mL).
The production levels of IL-6 were measured in culture media using an
ELISA kits. The data indicate a means ± SD of three independent
experiments. The different letters indicate significant differences
determined by Duncan’s multiple range test (p <0.05).

Fig. 5 Inhibitory effect of Sargassum fulvellum ethanol extracts on the
production of IL-1β in RAW 264.7 cells. RAW 264.7 cells (2.5×105

cells/mL) were pre incubated for 18 h and then stimulated with LPS (1
µg/mL) for 24 h in the presence of SFEE (0.001, 0.01, 0.1, 1, 10, 50, 100
µg/mL). The production levels of IL-1β were measured in culture media
using an ELISA kits. The data indicate a means ± SD of three
independent experiments. The different letters indicate significant
differences determined by Duncan’s multiple range test (p <0.05).
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inflammatory mediation (Jin et al., 2006). Therefore, we examined

the inhibitory effect of SFEE on the expression of iNOS and

COX-2 in macrophages (Fig. 6) using immunoblotting. The

expression of iNOS and COX-2 protein was markedly increased

in response to LPS alone, and the protein induction was inhibited

in a dose-dependent manner after co-treatment with SFEE. In

particular, the iNOS protein was not detected at 100 µg/mL. The

expression of iNOS and COX-2 has been revealed to be dependent

on NF-κB activation (Baldwin, 1996). Thus, these results showed

the possibility of SFEE in inhibiting the activity of NF-κB.

Effect of SFEE on activation of NF-κB. Inflammation is caused

by overproduction of proinflammatory cytokines and mediators

induced by LPS in RAW 264.7 cells. Activation of NF-κB, which

is a major mechanism involved in the expression of proinflammatory

cytokines and mediators (Shapira et al., 1996), is required for the

release of these mediators. Because of the ubiquitous role of NF-

κB as a transcription factor in the expression of inflammatory

genes, NF-κB is an important therapeutic target for various

inflammatory diseases (Ahn et al., 2009). NO production by iNOS

is also regulated primarily at the transcriptional level, and the

expression of the iNOS gene in macrophages is controlled by

several transcription factors as NF-κB (Bogdan, 2001). To determine

whether SFEE affects the degradation of NF-κB, we investigated

the expression of NF-κB protein in macrophages. RAW 264.7

cells were cultured with LPS in the presence or absence of SFEE

and then immunoblot analysis of the cell lysate was performed.

Expression of NF-κB protein in the nucleus of the cells was

diminished in a dose-dependent manner (Fig. 6). In addition,

compared to LPS alone, treatment with 50 µg/mL of SFEE

showed low amounts of NF-κB, while treatment with 100 µg/mL

showed no NF-κB.

SFEE significantly inhibited the expression of iNOS, COX-2

and production of proinflammaoty cytokines. This was most

likely due to suppression of NF-κB. After specific stimulation,

Fig. 6 Inhibitory effects of Sargassum fulvellum ethanol extract on the protein expression of iNOS, COX-2, and NF-κB in RAW 264.7 cells. RAW
264.7 macrophages (2.5×105 cells/mL) were preincubated for 18 h, and then simulated with LPS (1 µg/mL) for 24 h in the presence of SFEE (0.1, 1,
10, 50, 100 µg/mL). Cell lysates were electrophoresed and then expression levels of iNOS, COX-2 and NF-κB were detected with specific antibodies.
Densitometrically calculated protein expression levels were given as a relative intensity of of iNOS/β-actin, COX-2/β-actin and NF-κB/β-actin.

Fig. 7 Inhibition of Sargassum fulvellum ethanol extract against croton
oil-induced mouse ear edema. The chronic inflammation process was
induced by croton oil (20 µL/ear). SFEE and prednisolone were orally
administered to mice, and the ear thickness was measured. The different
letters indicate significant differences determined by Duncan’s multiple
range test (p <0.05).
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such as TNF-α receptor triggering, IκB phosphorylation by IKKs

leads to proteasome degradation of IκB, releasing NF-κB to the

nucleus. Once in the nucleus, NF-κB modulates the transcription

of innumerous gene (Rothwarf et al., 1998). Our results are

consistent with the reports that NF-κB response elements are

present on the promoter for the iNOS, COX-2, and TNF-α gene

(Chen et al., 1995). Therefore, this suggested that SFEE inhibition

of LPS-induced expression of iNOS, COX-2, and proinflammatory

cytokine genes occur through blocking of NF-κB activation.

Acute oral toxicity test. The acute oral toxicity test was

performed to evaluate any toxic effects of the extracts in mice.

Our results showed that no mortalities occurred in mice

administered 5 g/kg body weight of SFEE over the 2 weeks of

observation. Mice administered SFEE responded by sleeping and

wandering for 1 h and returned to normal behavior (Table 1).

According to the WHO, an herbal medicine is considered toxic if

its median lethal dose (LD50) is lower than 5 g/kg body weight

(WHO, 1992). Thus, our results indicate that SFEE is not toxic

and can be safely used by humans at moderate doses.

In vivo anti-inflammatory activity. To assess the effect of SFEE

against acute inflammation, we performed croton oil-induced ear

edema test in mice. Our results showed that the ear edema

formation was decreased by 40% at the highest dose tested (250

mg/kg) compared to that in the control, while prednisolone, a

reference steroidal anti-inflammatory drug, showed 36–48%

inhibition at 10 and 50 mg/kg (Fig. 7). This result suggested that

the inhibitory activity of SFEE was similar to that of prednisolone,

which indicates that SFEE has a potent anti-inflammatory effect.

In conclusion, these results showed that SFEE downregulated

the expression of proinflammatory cytokines and mediators by

suppressing NF-κB activation in RAW 264.7 cells, indicating a

strong anti-inflammatory effect. The mouse ear edema test

showed that SFEE reduced croton oil-induced mouse ear edema

to an extent similar to that of the control. Furthermore, these

results suggest that SFEE might influence the suppression of both

PGE2 which is another inflammatory mediator generated by

COX-2 and IκBα which activate degradation of NF-κB following

its phosphorylation at the serine residue (Castrillo et al., 2000).

Thus, these data provide the basis of the anti-inflammatory

activity from natural resource and indicate its clinical use for

inflammatory diseases.
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