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Introduction

Inflammation is a complex biological response of the

body for protection of damaged tissue against bacterial

infection or pathogens [1]. In a general inflammatory

response, pro-inflammatory mediators are decreased after

antigens are removed, while anti-inflammatory mediators

are increased. However, chronic inflammatory disease

occurs when there is a remarkable imbalance between pro-

inflammatory and anti-inflammatory processes [2]. Chronic

inflammation may cause several diseases, like periodontitis,

hay fever, atherosclerosis, rheumatoid arthritis, and even

cancer [3]. 

Macrophages play an important role in the inflammatory

response and are the essential cellular mediators of the

innate immune system. Lipopolysaccharide (LPS) is an

outer membrane component of gram-negative bacteria that

activates macrophages via Toll-like receptor 4 (TLR 4)

stimuli signaling. Once activated, several intracellular

signaling pathways such as nuclear transcription factor

kappa-B (NF-κB) and mitogen-activated protein kinases

(MAPKs) are stimulated. The activated macrophages

release excessive amounts of NO and prostaglandins (PGs)

which are generated by iNOS (inducible nitric oxide

synthase) and COX (cyclooxygenase)-2, respectively, as

well as pro-inflammatory cytokines like interleukin (IL)-6,

IL-1β, and tumor necrosis factor-α (TNF-α). These signaling

pathways are able to induce inflammatory reactions,

resulting in the development of various inflammation-

related diseases [1]. 

It has been reported that marine organisms account for

80% of all living organisms on Earth [4]. Marine algae have

been used for many years in many countries around the

world, including Korea and Japan, due to the enormous

amount of minerals that can be derived from the unique

underwater environment with high salinity and high
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This study evaluated the anti-inflammatory potential of a grasshopper ketone (GK) isolated

from the brown alga Sargassum fulvellum on lipopolysaccharide (LPS)-induced RAW 264.7

murine macrophage cell line. GK was isolated and purified from the n-hexane fraction and its

structure was verified on the basis of NMR spectroscopic data. GK up to 100 μg/ml is not

cytotoxic to RAW 264.7, and is an effective inhibitor of LPS-induced NO production in RAW

264.7 cells. The production of pro-inflammatory cytokines, including IL-6, IL-1β, and TNF-α

was found significantly reduced in 0.1-100 μg/ml dose ranges of GK treatment (p < 0.05). We

confirmed the dose-dependent and significant inhibition of iNOS and COX-2 proteins

expression. In addition, it has been shown that GK induces anti-inflammatory effects by

inhibiting MAPKs (ERK, JNK, and p38) and NF-κB p65 phosphorylation. Our results show

that the anti-inflammatory properties of GK may be due to the inhibition of the NF-κB and

MAPKs pathways, which are associated with the attenuation of cytokine secretion.
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pressure levels compared to the soil environment [5].

In the present study, Sargassum fulvellum, which is widely

distributed in Southeast Asia, was used as a natural

resource. S. fulvellum is a kind of perennial brown algae

and about 20 different species exist in South Korea [6]. It is

particularly known as edible seaweed and is composed of

30-60% polysaccharide, including cellulose, fucoidan,

laminaran, alginic acid, 15.8% protein, 5% fat, and 27.5%

ash [7]. According to the Donguibogam (or, Principles and

Practice of Eastern Medicine), S. fulvellum is used for the

treatment of wens (trichilemmal cysts), edema, and

urination disturbance [8]. So far, S. fulvellum has been

reported to have anti-cancer [9], anti-microbial and anti-

oxidant [10], and anticoagulation [11] properties. However,

there is currently no research on the anti-inflammatory

effects of fractions isolated and purified from S. fulvellum.

Therefore, in this study, we showed that a grasshopper

ketone (GK) was isolated and purified from the fractions of

S. fulvellum ethanol extract and was examined to verify its

anti-inflammatory activity and develop potential therapeutic

material for inflammation-related diseases.

Materials and Methods

Chemicals

Specific antibodies against β-actin, iNOS, COX-2, NF-κB p65,

p-p38, p-ERK, p-JNK, and anti-mouse immunoglobulin G (IgG)-

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-Aldrich Co., LLC. (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) from GIBCO

(USA). BCA protein assay kit and enhanced chemiluminescence

kit (ECL kit) were from Pierce (USA), and fetal bovine serum

(FBS) and penicillin/streptomycin were purchased from Hyclone

(USA).

Plant Material

S. fulvellum purchased from Jindo, Jeollanam-do, Korea (2013)

was used in this study.

Extraction and Isolation of Active Compound

Powdered S. fulvellum (1.3 kg) was extracted with 95% ethanol

for 24 h at room temperature with an agitator (Dongwon Science

Co., Korea). Then, the extract was centrifuged at 2,090 × g for

10 min and the supernatant was filtered and concentrated using a

rotary evaporator (Yamato Co., Japan). S. fulvellum ethanol extract

(125 g) was suspended in water and n-hexane. The active n-hexane

fraction (52 g) was subjected to silica gel column chromatography

and successively eluted with stepwise gradient (CHCl3:MeOH,

50:1-5:1; v/v). The active fraction was subsequently subjected to

Sephadex LH-20 column chromatography (2.5 × 90 cm column;

CHCl3:MeOH, 1:1; v/v). Finally, the fraction was purified using

preparative ODS HPLC (25% MeOH, 3 ml/min), yielding an

active compound (6 mg). The structure of the compound (Fig. 1)

was determined from its NMR spectroscopic data (data not

shown) and was compared with those identified in the literature

as GK. This purified compound was subjected to evaluation of its

cytotoxicity and anti-inflammatory effects.

Cell Culture

The murine macrophage RAW 264.7 cells were purchased from

Korean Cell Line Bank (KCLB 40071). The cells were cultured in

plastic dishes containing DMEM supplemented with 10% FBS,

100 U/ml penicillin, and 100 μg/ml streptomycin in a 5% CO2

incubator (Sanyo, Japan) at 37°C. All cells were sub-cultured when

they grew at the density of about 80–90% in the experimental

process. Only cells that did not exceed 20 passages were used.

Cell Viability Assay

RAW 264.7 cells (1 × 106 cells/ml) were seeded on 96-well plates

and pre-incubated for 20 h. Then, cells were cultured with GK

(0.1, 1, 10, 50, and 100 μg/ml) for 22 h at 37°C and 5% CO2. The

5 mg/ml MTT reagent was added, and the cells were incubated

for 2 h. The medium was then discarded and DMSO was added to

each well and absorbance was measured at 540 nm with a

microplate reader (Bio-Rad Laboratories, USA). The cell proliferation

ability was calculated according to the following formula: 

Proliferation index (%)

 = absorbance of the sample/ absorbance of the control × 100.

Nitric Oxide Determination 

RAW 264.7 cells were pre-incubated in 24-well plates (2.5 × 105

cells/ml) for 20 h. After this initial incubation, LPS (1 μg/ml) and

GK (0.1, 1, 10, 50, and 100 μg/ml) were added and the culture

incubated for 24 h. Then, 100 μl of supernatant was mixed with

100 μl of Griess reagent (1% sulfanilamide and 0.1% naphthalene

diamine dihydrochloride in 5% phosphoric acid) and the culture

Fig. 1. Chemical structure of grasshopper ketone.
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was again incubated at room temperature for 10 min. The

absorbance was measured at 540 nm using a microplate reader

(Bio-Rad) and the quantity of nitrite was calculated with standard

curves of sodium nitrite (NaNO2).

Enzyme-Linked Immunosorbent Assay (ELISA)

The levels of pro-inflammatory cytokine were determined

using an ELISA kit (Mouse ELISA set). Briefly, RAW 264.7 cells

(2.5 × 105 cells/ml) were stimulated with LPS (1 μg/ml) and the

indicated concentration of GK for 24 h. Then, the 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 antibodies, as per the manufacturer's instructions.

Western Blot Analysis

RAW 264.7 cells treated with various concentrations of GK (0.1,

1, 10, 50, and 100 μg/ml), followed by treatment with LPS (1 μg/ml)

for 24 h, were lysed with lysis buffer containing 50 mM HEPES

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

phenylmethylsulfonyl fluoride (PMSF), 1 μg/ml aprotinin, 1%

Triton X-100, and 0.1% NP-40. The cell lysates were centrifuged at

15,520 ×g for 20 min to remove cell membrane components.

Protein concentration was quantified with a Pierce BCA protein

assay kit (USA). Protein samples were separated on 10% sodium

dodecyl sulfate–polyacrylamide gel electrophoresis and then

transferred onto polyvinylidene fluoride (PVDF) membranes (Bio-

Rad) at 200 mA for 1 h. After blocking nonspecific sites with 5%

skim milk (Fluka, Switzerland) in 0.1% Tris-buffered saline (TBS)-

Tween 20 for 2 h, the membranes were incubated with anti-mouse

iNOS, COX-2, NF-κB p65, p-JNK, p-ERK and p-p38 antibodies in

TBS (1:500) for 2 h. The membranes were further incubated for 1 h

with horseradish peroxidase-conjugated anti-mouse IgG and anti-

rabbit IgG (1:2000). The immune-active proteins were detected

using an enhanced chemiluminescence (ECL) detector. The signal

intensity of each protein band was measured by densitometry,

employing the Gene Tools from Syngene software.

Statistical Analysis

Data are expressed as mean ± standard error of the mean

(n = 3). Statistical evaluation was carried out using analysis of

variance with SAS software (SAS Institute, USA), according to

Duncan's multiple range test (p < 0.05).

Results 

Cell Viability

The cytotoxicity of GK in RAW 264.7 cells was determined

based on MTT assay. Cells were cultured with 0.1, 1, 10, 50,

and 100 μg/ml of GK for 24 h. Treatment with 0.1 to

100 μg/ml GK for 24 h did not cause any changes in MTT-

based cell viability (data not shown). Thus, in the

subsequent experiments, GK was used at concentrations

between 0.1 and 100 μg/ml. 

Effects of GK on LPS-Induced NO Production

To examine whether GK could modulate NO production,

we measured NO secretion in LPS-induced RAW 264.7

cells after GK treatment. LPS treatment group induced

significantly NO secretion compared with control group

(Fig. 2). However, GK treatment suppressed NO production

in a dose-dependent manner, in particular, treatment with

100 μg/ml GK reduced NO release to 5.47 ± 0.07 μM; nearly

basal levels. These results suggest that concentrations of

0.1-100 μg/ml GK inhibit NO secretion in LPS-induced

RAW 264.7 cells.

Effects of GK on LPS-Induced Pro-Inflammatory Cytokine

Production

During the inflammatory response, there were excessive

amounts of mediators like pro-inflammatory cytokines and

NO. Several pro-inflammatory cytokines including IL-6,

IL-1β, and TNF-α play a key role in LPS-stimulated RAW

264.7 cells. These pro-inflammatory cytokines are secreted

at an early stage in the inflammatory response against

pathologic stimuli [12]. 

To investigate the anti-inflammatory activity of GK, we

Fig. 2. Inhibitory effect of grasshopper ketone (GK) on the

production of nitric oxide in RAW 264.7 cells. 

RAW 264.7 cells were treated with the indicated concentrations of GK

(0.1, 1, 10, 50, and 100 μg/ml) in the presence or absence of LPS (1 μg/ml)

for 24 h. Culture supernatants were then isolated and analyzed using

the Griess reagent for nitric oxides. a-gMeans with different superscripts

are significantly different (p < 0.05).
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measured pro-inflammatory cytokine production in LPS-

induced inflammatory response. As a result, it was shown

that the levels of pro-inflammatory cytokines were reduced

in a dose-dependent manner (Fig. 3). In particular, the

secretion of IL-6 was decreased by 90% (33.7 pg/ml) at

50 μg/ml and reached nearly basal levels when treated

with a GK concentration of 100 μg/ml (Fig. 3A). In addition,

the secretion of TNF-α and IL-1β was inhibited by 97%

(75.3 pg/ml) and 78% (13.0 pg/ml) at a GK concentration

of 100 μg/ml, respectively (Figs. 3B, 3C).

Effects of GK on LPS-Induced iNOS, COX-2, and NF-κB

p65 Expressions

In macrophages, the expression of pro-inflammatory

cytokines and inflammatory gene is regulated by NF-κB

[13]. NF-κB serves as an inducer of transcription of target

Fig. 3. Inhibitory effect of grasshopper ketone (GK) on the production of IL-6 (A), TNF-α (B), and IL-1β (C) in RAW 264.7 cells. 

RAW 264.7 cells were treated with the indicated concentrations of GK (0.1, 1, 10, 50, and 100 μg/ml) in the presence or absence of LPS (1 μg/ml)

for 24 h. Culture supernatants were then isolated and analyzed using the ELISA kit for cytokines. a-fMeans with different superscripts are

significantly different (p < 0.05).

Fig. 4. Inhibitory effect of grasshopper ketone (GK) on the protein expression of iNOS (A), COX-2 (B), and NF-κB p65 (C) in RAW

264.7 cells. 

The levels of iNOS and COX-2 in the cytosolic protein and the p65 subunit of NF-κB in nuclear protein were determined by a western blot

analysis. RAW 264.7 cells were treated with indicated concentrations of GK (0.1, 1, 10, 50, and 100 μg/ml) and LPS (1 μg/ml) for 24 h or 30 min

and the proteins were detected using specific antibodies. a-fMeans with different superscripts are significantly different (p < 0.05).
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genes, such as IL-6 inflammatory enzymes like COX-2 and

iNOS [14]. Also, the activity of NF-κB is regulated by

MAPKs including extracellular signal-regulated kinase

(ERK), c-Jun-N-terminal kinase (JNK), and p38 kinase [15,

16]. For this reason, we examined the effect of GK on LPS-

stimulated expressions of iNOS, COX-2 and NF-κB subunit

NF-κB p65 via western blot analysis. The expressions of

iNOS and COX-2 were diminished over 60% at a

concentration of 100 μg/ml (Figs. 4A, 4B). In addition, the

expression of phosphorylated p65 was decreased by

approximately 60% at a concentration of 100 μg/ml (Fig. 4C).

Effects of GK on LPS-Induced p-JNK, p-ERK, and p-p38

Expressions

Phosphorylation of the MAPK family is an important

pathway influencing the secretion of LPS-induced

inflammatory factors. It has been known that MAPKs, such

as ERK1/2, JNK, and p38 subfamilies, play an essential role

in the signaling pathways and induce activation of NF-κB

[17]. To investigate the effect of GK on phosphorylation of

MAPKs, phosphorylation of JNK, ERK and p38 was

determined by western blot analysis. The phosphorylation

of those proteins was reduced dose-dependently compared

to the group treated with LPS only (Fig. 5). 

Discussion

In this study, we first isolated GK from S. fulvellum, an

ethanol extract of brown algae, and demonstrated that GK

significantly inhibited major proinflammatory cytokines

and NO production and had an effective anti-inflammatory

activity. Moreover, we demonstrated that GK can regulate

the expression of pro-inflammatory cytokines, COX-2 and

iNOS via the NF-κB signaling pathway.

NO has been known as a signaling molecule involved in

inflammation via iNOS upregulation, and high levels of

NO induce various inflammatory disorders. LPS-induced

activation of RAW 264.7 cells initiates the secretion of

various inflammatory products, such as NO. Elevated

production of NO induces severe inflammatory responses

such as asthma, and in blood vessels, from the NO

response itself or from a toxic metabolite related to

peroxynitrite (ONOO-) even though NO plays a key role in

some diseases such as tumors and viruses [18]. In addition,

NO leads PGE2 production resulting in accelerated

inflammatory responses since it activates COX-2 [19]. Thus,

inhibition of NO production in the LPS-stimulated RAW

264.7 cell system is an excellent target for the anti-

inflammatory therapeutic field. 

Fig. 5. Inhibitory effect of grasshopper ketone (GK) on the phosphorylation of MAPKs in RAW 264.7 cells. 

The levels of phosphorylated-p38 (A), p-ERK (B), and p-JNK (C) were determined by a western blot analysis. RAW 264.7 cells were treated with

indicated concentrations of GK (0.1, 1, 10, 50, and 100 μg/ml) and LPS (1 μg/ml) for 30 min and the proteins were detected using specific

antibodies. a-fMeans with different superscripts are significantly different (p < 0.05). 
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Furthermore, binding of TNF-α and TNF-α receptors in

the membrane of a macrophage causes the activation of

NF-κB and other factors down stream during the

inflammatory response [20]. In addition, IL-1β is known as

a cytokine induced by caspase-1 in activated macrophages,

and is critical for the response to infection as it influences

the production of NO [21]. For this reason, the development

of therapies targeting these pro-inflammatory cytokines is

an important therapeutic strategy for treating a variety of

inflammatory diseases.

This study showed that GK inhibited the production of

iNOS, COX-2 and inflammatory cytokines through the NF-

κB signaling pathway in LPS-induced RAW 264.7 cells

(Fig. 4). In the previous study, sargachromanol purified

from S. micracanthum showed 61.6% inhibitory activity of

NO production when treated with 100 μM [22]. In addition,

fucoxanthin derivatives isolated from the brown alga

species S. siliquastrum inhibited production of IL-6 and

TNF-α by 37.9% and 42.1%, respectively, at a concentration

of 60 μM [23]. Compared to these compounds, GK has a

more outstanding level of anti-inflammatory activity

(Figs. 2, 3).

LPS-stimulated NF-kB and MAPK are known to modulate

the expression of pro-inflammatory cytokines and enzymes

such as TNF-α, IL-1β, IL-6, iNOS, and COX-2. Apo-9'-

fucoxanthinone isolated from S. muticum has been shown

to have potent anti-inflammatory activity by inhibiting the

expression of iNOS and COX-2 via blockade of the NF-κB

signaling pathway [24]. Therefore, we confirmed the effect

of GK on the phosphorylation of MAPKs (ERK, JNK, and

p38) and the NF-κB subunit NF-κB p65. We found that

phosphorylation of NF-κB p65, p38, ERK, and JNK were

significantly reduced in LPS-induced RAW 264.7 cells by

GK treatment (Fig. 5). Therefore, these results suggest that

GK treatment not only inhibits the production of NO and

cytokines but also inhibits the activation of MAPK and NF-

kB, thereby reducing the inflammatory response.

In summary, anti-inflammatory activity occurs primarily

through down-regulation of MAPKs and NF-κB phos-

phorylation in their signaling pathway. GK treatment

significantly (p < 0.05) inhibited the expression of iNOS and

COX-2, and phosphorylation of NF-κB and MAPKs. These

results suggest that GK has anti-inflammatory activity and

contributes to the treatment of inflammatory diseases.

Acknowledgments

This research was supported by the Basic Science Research

Program through the National Research Foundation of

Korea (NRF) funded by the Ministry of Education

(2012R1A6A1028677).

Conflict of Interest 

The authors have no financial conflicts of interest to

declare.

References

1. Kim BW, Kim JI, Kim HR, Byun DS. 2014. Anti-

inflammatory effect of an ethyl acetate fraction from

Myagropsis yendoi on lipopolysaccharides-stimulated RAW

264.7 cells. Korean J. Fish Aquat. Sci. 47: 527-536. 

2. Lawrence T, Willoughby DA, Gilroy DW. 2002. Anti-

inflammatory lipid mediators and insights into the

resolution of inflammation. Nat. Rev. Immunol. 2: 787-795. 

3. Ljung T, Lundberg S, Varsanyi M, Ohansson C, Schmidt PT,

Herulf M, et al. 2006. Rectal nitric oxide as biomarker in the

treatment of inflammatory bowel disease: responders versus

non-responders. World J. Gastroenterol. 12: 3386-3392. 

Fig. 6. Schematic diagram of a potential inhibitory pathway

used by grasshopper ketone (GK) during the LPS-induced

inflammatory response in RAW 264.7 cells.



826 Kim et al.

J. Microbiol. Biotechnol.

4. Kwak SC, Kim SA, Lee MS. 2005. The correlation of

antioxidative effects of 5 Korean common edible seaweeds

and total polyphenol content. J. Korean Soc. Food Sci. Nutr.

34: 1143-1150. 

5. Kim SH, Choi DS, Athukorala Y, Jeon YJ, Senevirathne M,

Rha CK. 2007. Antioxidant activity of sulfated polysaccharides

isolated from Sargassum fulvellum. J. Food Sci. Nutr. 12: 65-73.

6. Kang SH, Cho EK, Choi YJ. 2012. α-Glucosidase inhibitory

effects for solvent fractions from methanol extracts of

Sargassum fulvellum and its antioxidant and alcohol-

metabolizing activities. J. Life Sci. 22: 1420-1427.

7. Lee BH, Choi BW, Chun JH, Yu BS. 1996. Extraction of

water soluble antioxidants from seaweeds. J. Korean Ind.

Eng. Chem. 7: 1069-1077. 

8. Donguibogam Committee. 1996. Translated donguibogam, pp.

2198. Bubinmunwha Press, Seoul, Korea.

9. Bae SJ. 2004. Anticarcinogenic effects of Sargassum fulvellum

fractions on several human cancer cell lines in vitro. J.

Korean Soc. Food Sci. Nutr. 33: 480-486. 

10. Lee HS, Jung HS, Kuen HS. 2000. Preparation of antibacterial

agent from seaweed extract and its antibacterial effect. J.

Korean Fish Soc. 33: 32-37. 

11. Gray JI, Dugan Jr LR. 1975. Inhibition of N-nitrosamine

formation in model food systems. J. Food Sci. 40: 981-984. 

12. Lee AK, Sung SH, Kim YC, Kim SG. 2003. Inhibition of

lipopolysaccharide-inducible nitric oxide synthase, TNF-α

and COX-2 expression by sauchinone effects on I-κBα

phosphorylation, C/EBP and AP-1 activation. Br. J. Pharmacol.

139: 11-20. 

13. Pahan K, Sheikh FG, Liu X, Hilger S, Mckinney M, Petro TM.

2001. Induction of nitric-oxide synthase and activation of

NF-kappaB by interleukin-12 p40 in microgial cells. J. Biol.

Chem. 276: 7899-7905.

14. Zhang G, Ghosh S. 2000. Molecular mechanisms of NF-κB

activation induced by bacterial lipopolysaccharide through

Toll-like receptors. J. Endotoxin Res. 6: 453-457.

15. Jang BC, Paik JH, Kim SP, Shin DH, Song DK, Park JG, et al.

2005. Catalase induced expression of inflammatory mediators

via activation of NF-κB, PI3K/AKT, p70S6K, and JNKs in

BV2 microglia. Cell. Signal. 17: 625-633.

16. Majdalawieh A, RO HS. 2010. Regulation of IκBα function

and NF-κB signaling: AEBP1 is a novel pro-inflammatory

mediator in macrophages. Mediators Inflamm. 2010: 1-27.

17. Heo SJ, Jang J, Ye BR, Kim MS, Yoon WJ, Oh CH, et al.

2014. Chromene suppresses the activation of inflammatory

mediators in lipopolysaccharide-stimulated RAW 264.7 cells.

Food Chem. Toxicol. 67: 169-175.

18. Lee JH, Ko JY, Samarakoon K., Oh JY, Heo SJ, Kim CY, et. al.

2013. Preparative isolation of sargachromanol E from

Sargassum siquastrum by centrifugal partition chromatography

and its anti-inflammatory activity. Food Chem. Toxicol. 51:

54-60.

19. Han MH, Kim JW, Kim KY, Kim SG, Yu GJ, Cho YB, et al.

2014. Single dose oral toxicity of Schisandrae Semen essential

oil in ICR mice. J. Life Sci. 24: 191-195. 

20. Tracey D, Klareskog L, Sasso EH, Salfeld JG, Tak PP. 2008.

Tumor necrosis factor antagonist mechanisms of action: a

comprehensive review. Pharmacol. Ther. 117: 244-279. 

21. Jeong DH, Kim KBWR, Kim MJ, Kang BK, Bark SW, Pak WM,

et al. 2014. Anti-inflammatory effect of ethanol extract from

Sargassum fulavellum on lipopolysaccharide induced

inflammatory responses in RAW 264.7 cells and mice ears. J.

Korean Soc. Food Sci. Nutr. 43: 1158-1165. 

22. Yang EJ, Ham YM, Yang KW, Hyun CG. 2013. Sargachromenol

from Sargassum micracanthum inhibits the lipopolysaccharide-

induced production of inflammatory mediators in RAW

264.7 macrophages. Sci. World J. 2013: 1-6.

23. Heo SJ, Yoon WJ, Kim KN, Oh CH, Choi YU, Yoon KT, et al.

2012. Anti-inflammatory effect of fucoxanthin derivatives

isolated from Sargassum siliquastrum in lipopolysaccharide-

stimulated RAW 264.7 macrophage. Food Chem. Toxicol. 50:

3336-3342. 

24. Yang EJ, Ham YM, Lee WJ, Lee NH, Hyun CG. 2013. Anti-

inflammatory effects of apo-9’-fucoxanthinone from the

brown alga, Sargassum muticum. Daru. J. Pharm. Sci. 21: 1-7.


