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Sargassum macrocarpum is a widely distributed marine brown algae found in the North Pacific. The
objective of this study was to evaluate the anti-inflammatory activity of an ethanol extract of S. macro-
carpum (EESM). First, we investigated the anti-inflammatory activities of EESM in lipopolysaccharide
(LPS)-stimulated RAW 264.7 macrophages. EESM treatment suppressed nitric oxide (NO) and prosta-
glandin E; (PGEy) production and inhibited the expressions of the inducible nitric oxide synthase
(INOS) and cyclooxygenase-2 (COX-2) at the mRNA and protein levels. In addition, the expression
of pro-inflammatory cytokines, such as tumor necrosis factor-a (TNF-a) and interleukin-1 beta (IL-18),
was decreased in a dose dependent manner. Investigation of the signaling pathways of nuclear factor
kappa B (NF-kB), phosphoinositide-3-kinase (PI3K)/Akt, and mitogen-activated protein kinases (MAPKs)
revealed suppression of NF-kB translocation from the cytosol to nucleus by EESM treatment. The
phosphorylation of the Akt and ERK proteins was also inhibited by EESM treatment. EESM treatment
also stimulated the expression of the heme oxygenase-1 (HO-1) enzyme and its upstream transcription
factor, nuclear factor-E2-related factor 2 (Nrf2). These results suggest that EESM has anti-inflammatory
activity and could have potential uses in the field of nutraceuticals.
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Fig. 1. Effects of EESM on cell viability and morphology in RAW 264.7 macrophages. (A) After RAW 264.7 cells were seeded,
the cells were treated with the indicated concentrations of EESM alone or pretreated with EESM for 1 hr before 100 ng/ml
of LPS treatment. After 24 hr, the cell viability was assessed using an MTT reduction assay. Data were expressed as percentage
of control. Each value indicates the mean + S.D. and is representative of results obtained from three independent experiments.
(B) RAW 264.7 macrophages were treated with 20~100 pg/ml of EESM for 24 hr or with 100 pg/ml of LPS for 24 hr.
The morphological changes of RAW 264.7 macrophages surfaces were observed by taking photographs using an inverted
microscope (original magnification, *x200).
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Fig. 2. Effects of EESM on NO, PGE; and pre-inflammatory cytokines production LPS-stimulated RAW264.7 macrophages. Cells
were pre-treated with EESM for 1 hr and then incubation with LPS (100 ng/ml) for 24 hr. (A) NO production was measured
using the Griess reagent in culture media. (B, C, D) The amount of PGE2, IL-1§3, TNF-a production was measured by ELISA
kit. Each value indicates the mean + S.D. and is representative of results obtained from three independent experiments.
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Fig. 3. Effects of EESM iNOS, COX-2, TNF-a and IL-18 expression in LPS-stimulated RAW 264.7 macrophages. Cells were pre-treated
with EESM for 1 hr and then incubation with LPS (100 ng/ml) for 24 hr. (A) Relative iNOS, COX-2, TNF-a and IL-18
mRNA expression were measured by RT-PCR. GAPDH was used as an internal control. (B) Relative iNOS, COX-2, TNF-a
and IL-1B protein expression were measured by western blot. Actin was used as an internal control. Each value indicates
the mean + S.D. and is representative of results obtained from three independent experiments.
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Fig. 4. Induction of nucleus translocation of NF-kB by EESM treatment in RAW 264.7 macrophages. Cells were pre-treated with
EESM for 1 hr and then incubation with LPS (100 ng/ml) for 24 hr. (A) Lamin B and Actin were used as internal controls
for the nucleus and cytosolic fractions, respectively. Cells were pre-treated with EESM for 1 hour and then incubation with
LPS (100 ng/ml) for 1 hr. (B) Localization of NF-kB p65 was visualized with fluorescence microscopy after immunofluorescence
staining with NF-xkB p65 antibody (green). And cells were stained with DAPI for visualization of the nuclei (blue).
Representative of results obtained from three independent experiments.
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Fig. 5. Effects of EESM treatment on PI3K/Akt and MAPKs sig-
naling pathways in RAW 264.7 macrophages. Cells were
pre-treated with EESM for 1 hr and then incubation with
LPS (100 ng/ml) for 24 hr. Total cellular proteins were
resolved on SDS-polyacrylamide gels, followed by
Western blotting using the specific antibodies, as in-
dicated. Representative of results obtained from three in-
dependent experiments.
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Fig. 6. Effects of EESM on HO-1, Nrf2 and Keapl protein ex-
pressions in RAW 264.7 macrophages. (A) Cells were
treated with 100 pg/ml EESM for 0.5, 1, 3, 6, 12 and
24 hr. (B) Cells were treated with EESM for 24 hr and
then harvest cell lysates. Actin was used as an internal
control. Each value indicates the mean * SD. and is rep-
resentative of results obtained from three independent
experiments.
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