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Introduction

Inflammation is the result of host response to pathogenic challenges or
tissue injuries, and ultimately leads to the restoration of a normal tissue
structure and function. Normal inflammatory responses are self-limited by a
process which involves the down-regulation of pro-inflammatory proteins
and the up-regulation of anti-inflammatory proteins. (Lawrence et al., 2002).
Thus, acute inflammation is a limited beneficial process, particularly in
response to infectious pathogens, whereas chronic inflammation is an
undesirable persistent phenomenon that can lead to the developments of
inflammatory diseases (Kaplanski et al., 2003). Prolonged inflammation
contributes to the pathogenesis of many inflammatory diseases, such as
bronchitis, gastritis (Sakagami et al.,, 1997), inflammatory bowel disease,
multiple sclerosis (Klotz et al.;-2005), and rheumatoid arthritis (Ponchel et
al., 2002). Macrophages play an important role in a variety of disease
processes including autoimmune diseases, infections, and inflammatory
disorders (Pierce, 1990).

Lipopolysaccharide (LPS), an endotoxin derived from Gram-negative
bacterial outer membrane, can directly activate macrophages to produce a

variety of pro-inflammatory cytokines, such as tumor necrosis factor-o



(TNF-0) and interleukins (ILs), and the formation of other inflammatory
mediators, including prostaglandins (PGs) and nitric oxide (NO). NO is
endogenously produced from L-arginine and molecular oxygen by the
action of NO synthases (NOSs). In mammals, there are three isoforms of
NOS; neuronal NOS (nNOS), endothelial NOS (eNOS) and inducible NOS
(INOS). nNOS and eNOS are constitutively expressed in neuronal and
endothelial, respectively. In contrast, iNOS is inducible and its expression is
increased in cells that are exposed to LPS or cytokines (Vane et al., 1994).
Accordingly;, high expression and activity of iNOS are observed in chronic
diseases, such as inflammation and cancer (Maeda et al., 1998., Liu et al,,
1998).

Prostaglandins (PGs) are synthesized by the action of cyclooxygenase
(COX) in arachidonic acid metabolism (Vane et-al, 1994). COX has two
isoforms; COX-1 and COX-2. COX-1"is constitutively expressed in most
cells and the COX-1-produced prostaglandins which involves in normal
physiological functions. COX-2 is inducible in many types of cells
including macrophages after the exposure of LPS, growth factors, and tumor
promoters (Prescott et al., 2000, Hinz et al, 2002). In view of the
importance of iNOS and COX-2 as plausible targets for the treatment of

inflammatory disorders, I was interested in the effect of fermented sea



tangle (FST) on the suppression of iNOS and COX-2 expressions in LPS-
induced RAW 264.7 cells.

Marine algae have been identified as rich sources of structurally diverse
bioactive compounds with great pharmaceutical potential (Blunt et al., 2010,
Abad et al., 2008). Variety of biological compounds including phlorotannins
and fucoxanthin were isolated from Laminariacceae and characterized on
their biological activities (Okuzumi et al., 1993, Kim et al., 2005, Woo et
al.,2009). Sea tangle (Laminaria japonica) is representative marine brown
alga that is commonly used as seasonings, condiments and health food in
Korea, Japan and China. Variety in vitro and in vivo studies have focused on
the antioxidant (Huang et al., 2004., Yuan et al., 2006., Park et al., 2009)
and chemopreventive (Zhang.et al., 2008) activities of the extracts from L.
Jjaponica.

As part of my ongoing is-the investigation for anti-inflammatory activity
of fermented sea tangle extract (FST). To the best of my knowledge, there
are no reports about the anti-inflammatory activity of y-aminobutyric acid
(GABA)-enriched sea tangle extract (FST) and prompted me to investigate
signaling mechanism of FST to inflammatory proteins in the LPS-induced

RAW 264.7 cells. In the present study, anti-inflammatory activity of FST



and its possible mechanisms in LPS-induced RAW 264.7 cells was

investigated.




Materials and Methods

1. Preparation of fermented sea tangle extracts (FSTs)

Sea tangle (Laminaria japonica) was purchased at Gi-jang market, Busan,
Korea in March 2007. The Sea tangle was washed with fresh water to
eliminate foreign materials such as sand, shells, and others. Then, the
sample was added to water at a ratio of 1:15 (w/v) and 2% (w/w of dry sea
tangle) rice flour was added to aid fermentation. After autoclaving at 121°C
for 30 min, Lactobacillus. brevis BJ20 (Accession no. KCTC 11377BP)
culture was added to the sea tangle extract at a concentration of 2% (v/v),
followed by thorough mixing and incubation at 37°C. The fermented
product was obtained by filtration and was freeze-dried. y-Amino Butyric
Acid (GABA)-enrich fermented sea tangle extract (FST) were further
fractionated into three types, FST I (over than 10 kDa), FST II (1-10 kDa)
and FST III (less than 1kDa) according to the molecular weight using a

ultrafiltration .



2. Cell culture and cell viability assay

RAW 264.7 cells were grown to confluence in Dulbecco’s Modified
Eagle Medium (DMEM) with 10% fetal bovine serum (FBS) at 37°C in a
humidified atmosphere of 5% CO,. Cytotoxicity of various molecular
weight of FSTs was evaluated by MTT assay, a method based on the
reduction of 3-(4,5 dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) (Weislow et al., 1989). The medium containing - RAW 264.7 cells
were cultured into a 96-well'plate at a density of 1 x 10° cells per ml. The
plate was incubated overnight and treated with 100 ul of DMEM medium
containing different concentrations of FSTs. After 24 h of incubation, MTT
solution (1 mg/ml) was added to each well and the plate was incubated for
another 4 h at 37°C. The blue formazan salt was dissolved in DMSO.
Optical density was measured at 540 nm with-a GENios microplate reader
(Tecan, Austria GmbH, Austria). The optical density of formazan formed by

untreated cells was taken as 100% of viability.
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Fig. 1. Molecular structure of MTT and its corresponding reaction product

3. Determination of intracellular ROS formation

Intracellular formation of reactive oxygen species (ROS) was|assessed as
described previously using 2',7'dichlorofluorescein diacetate (DCFH-DA) as
the substrate. (Rajapakse et -al., 2007). RAW 264.7 cells growing in
fluorescence 96-well plates were loaded with'20 uM DCFH-DA in HBSS
and incubated for 20 min in the dark. Non-fluorescent DCFH-DA dye is
freely penetrated into cells, gets hydrolyzed by intracellular esterases to
2'.7'dichlorodihydrofluororescein (DCFH), and traps inside the cells. Cells
were then treated with different concentrations of FSTs and incubated for 1
h. After washing the cells with PBS three times, 500 uM H,O, dissolved in
HBSS were added to the cells. The formation of 2',7'dichlorofluorescein

(DCF) due to oxidation of DCFH in the presence of various ROS was read



after every 20 min at the excitation wavelength (Ex) of 485 nm and the
emission wavelength (Em) of 528 nm using a fluorescence microplate
reader (Tecan Austria GmbH, Salzburg, Austria). Dose and time-dependant
effects of the sample treated groups were plotted and compared with

fluorescence intensity of the control and blank groups.

4. Membrane lipid peroxidation

Intracellular lipid hydroperoxide ' levels were “determined by the
fluorescence probe, diphenyl-1-pyrenylphosphine (DPPP) as described
previously (Rajapakse et al., 2007). RAW 264.7 cells growing in culture
dishes were ‘washed three times with PBS and labeled with 13 mM DPPP
(dissolved in DMSO) for 30 min at 37°C in the dark. Cells were washed
three times with PBS and seeded into fluorescence microtiter 96-well plates
at a density of 1 x 10° cells per ml using serum free media. Following
complete attachment, cells were treated with various concentrations of
sample and incubated for 1 h. After incubation, 3 mM AAPH in PBS was
added and DPPP-oxide fluorescence intensity was measured after 9 and 18 h

at the excitation wavelength (Ex) of 361 nm and the emission wavelength



(Em) of 380 nm using GENios fluorescence microplate reader (Tecan

Austria GmbH,Austria).

5. Measurement of NO

RAW 264.7 cells (1 x 10°) were plated and incubated with 0-100 pg/mL
FSTs in the absence or presence of LPS (1 pg/mL) for 24 hr. After treatment
of LPS and FSTs, RAW 264.7 cells culture medium was saved for measured
as an of nitrite. The nitriteé concentration in the culture 'medium was
measured as an indicator of NO production, according to the Griess reaction
(Kim et al., 1995). One hundred microliters of culture supernatant was
mixed with the same. volume of Griess reagent (0.1%

naphtylethylenediamine dihydrochloride and 1%. sulfanilamide in 5%

H3POg). The absorbance of the mixture was measured with a microplate

reader (Infinite F200 pro, TECAN) at 540 nm. The concentration of nitrite

was calculated with sodium nitrite as a standard.



6. RNA extraction and reverse transcription-polymerase chain reaction

Total RNA was isolated using a Trizol reagent (Invitrogen Co., CA,
USA) following the manufacture's recommendations. Total RNA was
digested with RNase-free DNase (Roche, IN, USA) for 15 min at 37°C and
repurified by the RNeasy kit according to the manufacture's protocol
(Quiagen, CA, USA). cDNA was synthesized from 2 pg total RNA. By
incubation at 37°C for 1 h with MLV reverse transcriptase (Promega) with
random hexanucleotide according to the manufacture's instruction. Primers
to specifically amplify the genes interested were showed in Table 1.
Amplification was performed in a master-cycler (Eppendorf, Hamburg,
Germany) with cycles of denaturation at 95°C 30 sec, annealing at 60°C 45
sec, and extension at 72°C for 1 min, respectively. The amplified PCR
products were run in 1.0% agarose gels and visualized by ethidium bromide

(EtBr).

7. Western blot analysis

Western blotting was performed according to standard procedures.

Briefly, cells were lysed in RIPA buffer containing 50 mM Tris—HCI (pH

10



8.0), 0.4% Nonidet P-40, 120mM NaCl, 1.5mM MgClL, 2 mM
phenylmethylsulfonyl fluoride, leupeptin (80 pg/ml), 3 mM NaF and 1 mM
DTT at 4°C for 30 min. Cell lysates (50 pug) were separated by 12% SDS-
polyacrylamide gel electrophoresis (SDS-PAGE), transferred onto a
polyvinylidene fluoride membrane (Amersham Pharmacia Biotech.,
England, UK), blocked with 5% skim milk, and hybridized with primary
antibodies (diluted 1:1000). After incubation with horseradish-peroxidase-
conjugated secondary antibody at room temperature; immunoreactive
proteins were detected using a chemiluminescent ECL assay kit (Amersham
Pharmacia Biosciences, England, UK) according to the manufacturer's
instructions.  Western blot bands were visualized using a LAS3000®

Luminescent image analyzer (Fujifilm Life Science, Tokyo, Japan).
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Table 1. Chemicals used for reverse transcription PCR

PCR Chemical Amount used Stock
MMLV 0.5 ul 200 U/ ul
reverse ranscriptase
dNTP mixture 0.5 ul 10 mM
DTT 1wl 100 mM
5X reaction buffer Sul
RNase inhibitor 0.5 ul 80 U/ ul

Table 2. RT-PCR conditions

Temperature Time
37°C lh
70°C 5 min

4°C o0

12



Table 3. Chemicals used for PCR reaction

PCR Chemical Amount used Stock
Taq polymerase 0.125 ul 50/ ul
dNTP 0.5 ul 2.5mM
Reverse Primer 0.5 ul 25 pmole/ pl
Forward Primer 0.5 ul 25 pmole/ pl
5X reaction-buffer 5ul
DW 17.375 pl
Table 4. PCR conditions
Temperature Time Cycle
95°C 2 min 1
95°C 30 sec
60°C 45 sec 28
72°C 1 min
72°C 5 min 1
4°C 0

13



Table 5. Gene-specific primers used for the RT-PCR

Gene Direction  Sequence

Forward  5'- CAC CTT GGA GTT CAC CCA GT -3'
iNOS

Reverse 5'- ACC ACT CGT ACT TGG GAT GC -3'

Forward  5'- TGA AAC CCA CTC CAA ACA CA -3
COX-2

Reverse 5'- GAG AAG GCT TCC CAGCTT TT -3'

Forward  5'-AGG CCT TGT GTT GTGTTT CCA-3'
TNF-a

Reverse 5-TGG GGG ACA GCT TCC TTC TT-3'

Forward' 5'- CTG TCC TGC GTG TTG AAA GA -3'
IL-1B

Reverse 5'- TTC TGC TTG AGA GGT GCT GA -3’

Forward 5-AGG AGA CTT GCC TGG TGA AA -3'
IL-6

Reverse 5= CAG GGG TGG TTA TTG CAT CT -3'

Forward  5'-CCA CAG CTG AGA GGG AAATC-3'
B-actin

Reverse 5'-AAG GAA GGC TGG AAA AGA GC-3'

14



Results and Discussion

1. Effect of FSTs on RAW 264.7 cells viability

The Effect of FSTs on the viability of LPS-activated RAW 264.7 cells
was determined by MTT assay. LPS-activated RAW 264.7 cells were
treated with or without FSTs at concentrations of 25, 50 and 100 pug per ml
As shown in (Fig. 2), FSTs did not show any significant cytotoxicity. These
results revealed that FSTs are safe materials for in-vitro cell culture

experiments up to a concentration of 100 pug per ml.

2. Effect of FSTs on NO production in RAW 264.7 cells

Macrophage-derived intercellular NO -isa free radical with a short
lifespan that plays an important role in the physiological and
pathophysiological mechanisms in immunological systems (Asamitsu et al.,
2003). NO is synthesized from the amino acid arginine by nitric oxide
synthase (NOS). Under pathological conditions, NO production is increased
by the inducible NOS (iNOS) and, subsequently, brings about cytotoxicity

and tissue damage (Kim et al., 1998). Compounds able to reduce NO

15



production by iNOS may be attractive as anti-inflammatory agents, and for
this reason, the effects of polyphenoles on iNOS activity have been
intensively studied to develop anti-inflammatory drugs (Santangelo et al.,
2007). LPS can induce the formation of iNOS and NO in macrophage cells
(Mendis et al., 2008). Therefore, it was investigated whether FSTs could
inhibit NO production in LPS- induced RAW 264.7 cells. As an indicator of
NO production, nitrite (NO2’) accumulation -in_the cultured media was
determined by the Griess method. FSTs inhibited LPS-induced NO
production in RAW 264.7 macrophages compared to control group (Fig. 3).
To my knowledge, this is the first report regarding the inhibitory effects of
FSTs on NO production in RAW 264.7 cells. Hence, these findings suggest
that the inhibition -of NO.production by FSTs might be due to the

suppression of LPS-induced iNOS transcription.

3. Cellular radical scavenging effect

Intracellular ROS scavenging was examined using fluorescence sensitive
dye. The DCFH-DA fluorescent intensity was significantly decreased by
FSTs extract in a time and concentration dependent manners on RAW 264.7

cells. As shown in (Fig. 4), the progressive increments in DCF fluorescence

16



intensity due to the hydrogen peroxide generation were observed with the
incubation time up to 100 min. The FSTs significantly reduced DCF
fluorescence intensity, resulting in the increased scavenging activity against
intracellular ROS in a concentration-dependent manner. The presence of
FSTs extract at the concentrations of 50 and 100 pg per ml led to a
remarkable reduction in fluorescent intensity. These results confirmed that

FSTs could exert a substantial effect against intracellular ROS formation.

17
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Fig. 2. Effect of fermented sea tangle extracts (FSTs) on cell cytotoxicity in RAW

264.7 cells.
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Fig. 3. Effect of fermented sea tangle extracts (FSTs) on nitric oxide (NO)
production in lipopolysaccharide (LPS)-induced RAW 264.7 cells. FSTs were
treated with in the presence of LPS (1 pg/mL). Blank: -LPS; LPS: LPS (1 pg/mL);

FST I (>10 kDa), FST II (1-10 kDa) and FST III (<1kDa).
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3. Cellular radical scavenging effect

Intracellular ROS scavenging was examined using fluorescence sensitive
dye. The DCFH-DA fluorescent intensity was significantly decreased by
FSTs extract in a time and concentration dependent manners on RAW 264.7
cells. As shown in (Fig. 4), the progressive increments in DCF fluorescence
intensity due to the hydrogen peroxide generation were observed with the
incubation time up to 100 min. The FSTs significantly reduced DCF
fluorescence intensity, resulting in the increased scavenging activity against
intracellular ROS in a concentration-dependent manner. The presence of
FSTs extract at the concentrations of 50 and 100 pg per ml led to a
remarkable reduction in fluorescent intensity. These results confirmed that

FSTs could exert-a substantial effect against intracellular ROS formation.

20
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Fig. 4. Scavenging effect of fermented sea tangle extracts (FSTs) on intracellular
generation of ROS in Lipopolysaccharide (LPS)-induced Raw 264.7 cells. FSTs
were treated with in the presence of LPS (1 pg/mL). Blank: -LPS; LPS: +LPS (1

ug/mL); FST I (>10 kDa), FST II (1-10 kDa) and FST III (<1kDa).
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4. Inhibition of membrane lipid peroxidation

The levels of lipid hydroperoxides in the presence or absence of FSTs
were examined by use of specific fluorescence probe, DPPP (Fig. 5). DPPP
has been used as a sensitive method for the measuring lipid hydroperoxides
of cell membrane, since it successfully incorporate into membranes and
oxidize with hydroperoxides to emit DPPP-oxide fluorescence (Rajapakse et
al., 2007). Whenthe DPPP-labeled RAW 264.7 cells were treated with LPS,
the fluorescent intensity derived from DPPP oxide steadily increased about
1.5- to 1.8-fold due to peroxyl radical mediated membrane lipid
peroxidation. Treatment with FSTs led to concentration-dependent
reduction in the fluorescent intensity. The reduction in fluorescent intensity
was compared to.the blank (LPS non-stimulated), confirming FSTs could
exert a substantial effect against oxidation of membrane lipids. At high
concentration more than 100 pg per ml, FSTs has exhibited a similar
fluorescent intensity with blank group. In comparison analysis, FST III
showed highest activity on the inhibition of NO and radical formation than
FST I and FST II in LPS-induced RAW 264.7 cells. Accordingly, FST III

was selected to evaluate further anti-inflammatory effect.
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Fig. 5. Inhibition of fermented sea tangle extracts (FSTs) on membrane lipid
peroxidation in lipopolysaccharide (LPS)-induced Raw 264.7 cells. FSTs were
treated with in the presence of LPS (1 pg/mL). Blank: -LPS; LPS: +LPS (1
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23



5. Effect of FSTs on the regulation of inflammatory response genes and

proteins

Inflammatory processes are mediated by multiple molecular mechanisms.
iINOS and COX-2 play a pivotal role in immunity against infectious agents
by producing an excess amount of NO and PGE2, respectively; these
enzymes have attracted attention for their detrimental roles in inflammation
related disease (Yun et al., 1996, Kim et al., 2009)

TNF-a, IL-1f and IL-6 are primary inflammatory cytokines which play an
essential role during the inflammatory process (Trikha et al.,'2003). The
pro-inflammatory cytokines such as TNF-o, IL-6 and IL-1B are small
secreted proteins, which mediate and regulate immunity and inflammation
(Huang et al.,, 2006). TNF-a production is crucially required for the
synergistic induction of NO-synthesis in LPS-induced macrophages. TNF-a
elicits a number of physiological effects such as septic shock, inflammation,
cachexia, and cytotoxicity. IL-1p is found in thecirculation following Gram-
negative sepsis, which is a mediator of the gost inflammatory response in
innate immunity (Roshak st al., 1996). Additionally, the production of IL-6
is induced by several factors, TNF-a, IL-1f as well as the bacterial

endotoxin, LPS. IL-6, a pro-inflammatory cytokine, acts as an endogenous

24



pyrogen in addition to its multiple effects on the immune system and in
particular on hematopotesis (Van Snick., 1990).

It was evaluated whether FST III affects the inflammatory response
cytokine mRNA and protein expression in LPS-induced RAW 264.7 cells,
using RT-PCR and Western blot analysis, respectively (Fig. 6). The mRNA
transcription and protein levels of iNOS, COX-2, IL-6, IL-18 and TNF-a
were reduced by FST III treatment, which was-consistent with the results
obtained from NO production. Therefore, FST III prevented the production
of NO and inflammatory cytokines by suppressing their mRNA
transcription and protein expression in LPS-induced RAW 264.7 cells (Fig.
7). As a result, FST III was shown to have anti-inflammatory activities by

reducing mRNA and protein expression levels of inflammatory cytokines.
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Fig. 6. Effect of fermented sea tangle extract sub-fraction III (FST III) on the
regulation of iNOS and COX-2 expression in LPS- induced in RAW 264.7 cells.
RAW264.7 cells were co-cultured with various concentrations of FST III for 1 h
and then stimulated with lipopolysaccharide (LPS; 1 pg/ml) for 24 h. Gene (a) and
protein (b) expression levels were determined by RT-PCR and Western blot

analysis, respectively.
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Fig. 7. Effect of fermented sea tangle extract sub-fraction III (FST III) on the
regulation of pro-inflammatory cytokines such as TNF-a, IL-6 and IL-13 in RAW
264.7 cells. RAW 264.7 cells were co-cultured with various concentrations of FSTs
for 1 h and then stimulated with lipopolysaccharide (LPS; 1 pg/ml) for 24 h. Gene
(a) and protein (b) expression levels were determined by RT-PCR and Western blot

analysis, respectively
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6. Effect of FSTs on NF-kB signaling pathway

Nuclear factor kappa B (NF-«kB) is known to be involved in the inducible
expression of various genes that regulate inflammatory actions. (Aggarwal
et al., 2006). In unstimulated cells, NF-«kB is constitutively localized in the
cytosol as a heterodimer by physical association with an inhibitory protein
called inhibitor B (IkB). Various stimuli,~such as LPS, cytokines,
activators of protein kinase C, oxidants and viruses, activate several signal
transduction pathways that.all lead to phesphorylation and degradation of
IkB and subsequent activation of NF-kB (Hawiger, 2001). Following
activation, the NF-kB heterodimer is rapidly translocated to nucleus, where
it activates the transcription of target genes, including genes encoding for
pro-inflammatory. cytokines, adhesion molecules, chemokines and inducible
enzymes such as iNOS and COX-2 (Hayden et al., 2006; Ghosh et al.,
2008).

The role of the NF-kB signaling pathway in the anti-inflammatory
responses in RAW 264.7 cells treated with FST III was confirmed using
Western blot analysis (Fig. 8). Inflammatory gene expression can be
regulated by NF-xB, which is important for mediating cytokine production

in LPS- induced macrophages. As shown in (Fig. 8), NF-xB p65 and p50
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were suppressed depending on the concentrations of FSTs treatment. These
results indicated that signal transduction of NF-«kB might be suppressed by

FST IIL
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Fig. 8. Effect of fermented sea tangle extract sub-fraction UI (FST III) on the
transcriptional activation of nuclear factor kappa B (NF-kB) in lipopolysaccharide
(LPS)-induced RAW 264.7 cells. RAW 264.7 cells were co-cultured with various

concentrations of FST III for 1 h and then stimulated with LPS (1 pg/ml) for 24 h.
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Fig. 9. Effect of fermented sea tangle extracts (FSTs)-against lipopolysaccharide

(LPS)-induced inflammation in RAW 264.7 cells

This study demonstrated that FST effectively inhibited excessive
production in inflammatory mediators such as NO, TNF-a, IL-1p and IL-6.
These results suggest that FSTs inhibited NO production, biosynthesis of
cytokines and expression of inflammatory-related genes in LPS-activated

RAW 264.7 cells. Moreover, these anti-inflammatory profiles of FSTs were
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mediated through the inhibition of NF-«xB transcriptional inductions.
Accordingly, these results underscore the nutraceutical value of FSTs as a
potential anti-inflammatory agent via attenuation of inflammatory responses

Or Processes.

32



Acknowledgement

Eah7 =
A AR

HA A7F el EoaFy m=wo] A H 7 7HA

e ok A= Hidel o] A 7hA]

&

del A

L

i

{F
e

5

.

sl 7% Fole

ol

ol Al &=

£
=

vhabol o X

Pl

_rOU

oR

o

o
ol

= WY

oR
A

b o

33



References

Abad, M.J., Bedoya, L.M., Bermejo, P., 2008. Natural marine anti-
inflammatory products. Mini-rev Med Chem. 8, 740-754.

Aggarwal, B.B., Shishodia, S., Sandur, S.K., Pandey, M.K., Sethi, G., 2006.
Inflammation and cancer: how hot is the link. Biochem Pharmacol. 72,
1605-1621.

Asamitsu, K., Tetsuka, T., Kanazawa, S., Okamoto, T., 2003. RING finger
protein AO7 supports NF-kappa B-mediated transcription by interacting
with the transactivation domain of the p65 subunit. J Biol Chem. 278,
26879-26887.

Beagley, K., Lee, A., 1997.~-The endotoxin of Helicobacter pylori is a
modulator of host-dependent gastritis. Infect [mmune. 65, 3310-3316.

Blunt, J.W., Copp, B.R., Munro, M.H.G.; Northcote, P.T., Pronsep, M.R.,
2010. Marine natural products. Nat Prod Rep. 27, 165-237.

Fichtner-Feigl, S., Fuss, LJ., Preiss, J.C., Strober, W., Kitani, A., 2005.
Treatment of murine Thl- and Th2-mediated inflammatory bowel
disease with NF-kappa B decoy oligonucleotides. J Clin Invest. 115,
3057-3071.

Ghosh, S., Hayden, M.S., 2008. New regulators of NF-kappa B in

34



inflammation. Nat Rev Immunol. 8, 837-848.

Hawiger, J., 2001. Innate immunity and inflammation: a transcriptional
paradigm. Immunol Res. 23, 99-109.

Hayden, M.S., West, A.P., Ghosh, S., 2006. NF-kB and the immune
response. Oncogene. 25, 6758-6780.

Hinz, B., Brune, K., 2002. Cyclooxygenase-2-10 Years later. J Pharmacol
Exp Ther. 300, 367-375.

Huang, H.L., Wang, B.G., 2004. Antioxidant capacity and lipophilic content
of seaweeds collected from the Qingdao coastline. J Agric Food Chem.
52, 4993-4997.

Huang, T.H., Tran, V.H., Duke, R.K., Tan, S., Chrubasik, S., Roufogalis,
B.D., Duke, C.C., 2006.. Harpagoside suppresses lipopolysaccharide-
induced iINOS and COX-2 expression through inhibition of NF-kappa B
activation. J Ethnopharmacol. 104, 149-155.

Kaplanski, G., Marin, V., Montero- Julian, F., Mantovani, A., Farmarier, C.,
2003. IL-6: a regulator of the transition from neutrophil to monocyte
recruitment during inflammation. Trends Immunol. 24, 25-29

Kim, A.R., Shin, T.S., Lee, M.S., Choi, J.S., Jang, B.C., Byun, D.S., Park,
N.K., Kim, H.R., 2009. Isolation and identification of phlorotannins

from Ecklonia stolonifera with antioxidant and anti-inflammatory

35



properties. J Agric Food Chem. 13, 57, 3483-3489.

Kim, H.K., Cheon, B.S., Kim, Y.H., Kim, S.Y., Kim, H.P., 1998. Effects of
naturally occurring flavonoids on nitric oxide production in the
macrophage cell line RAW 264.7 and their structure-activity
relationships. Biochem Pharmacil. 58, 759-765.

Kim, Y.C., An, R.B., Yoon, N.Y., Nam, T.J., Choi, J.S., 2005.
Hepatoprotective constituents of the edible brown alga Ecklonia
stolonifera on tacrine-induced cytotoxicity in Hep G2 cells. Arch Pharm
Res. 28,1376-1380.

Klotz, L., Schmidt, M., Giese, T., Sastre, M., Knolle, P., Klockgether, T.,
Heneka, M.T., 2005. Proinflammatory stimulation and pioglitazone
treatment regulate peroxisome proliferators-activated receptor gamma
levels in peripheral blood mononuclear cells from healthy controls and
multiple sclerosis patients. J Immunol. 175;4948-4955.

Lawrence, T., Willoughby, D.A., Gilroy, D.W., 2002. Anti-inflammatory
lipid mediators and insights into resolution of inflammation. Nat Rev
Immunol. 2, 787-795.

Liu, C.Y., Wang, C.H., Chen, T.C., Lin, H.C., Yu, C.T., Kuo, H.P., 1998.
Increased level of exhaled nitric oxide and up-regulation of inducible

nitric oxide synthase inpatients with primary lung cancer, Br J Cancer.

36



78, 534-541.

Maeda, H., Akaike, T., 1998. Nitric oxide and oxygen radicals in infection,
inflammation, and cancer. Biochemistry. 63, 854-865.

Mendis, E., Kim, M.M., Rajapakse, N., Kim, S.K., 2008. Sulfated
glucosamine inhibits oxidation of biomolecules in cells via a
mechanism involving intracellular free radical scavenging. Eur J
Pharmacol. 579, 74-85.

Okuzumi, J., Takahashi, T., Yamane, T., Kitao, Y., Inagake, M., Ohya, K.,
Nishino, H., Tanaka, .¥., 1993. Inhibitory effects of fucoxanthin, a
natural carotenoid, on N-ethyl-N’-nitro-N-nitrosoguanidine-induced
mouse duodenal carcinogenesis. Cancer Lett. 68, 159-168.

Park, P.J., Kim, E.K., Lee, S.J., Park, S.Y., Kang, D.S., Jung, B.M., Kim,
K.S., Je, J.Y:, Ahn; C.B., 2009. Protective effects against H,O,-induced
damage by enzymatic-hydrolysates of an-edible brown seaweed, sea
tangle (Laminaria japonica). J Med Food. 12, 159-166.

Pierce, G.F., 1990. Macrophages: important physiologic and pathologic
sources of polypeptide growth factors. Am J Respir Cell Mol Biol. 2,
233-234.

Ponchel, F., Morgan, A.W., Bingham, S.J, Quinn, M., Buch, M., Verburg,

R.J., Henwood, J., Douglas, S.H., Masurel, A., Conaghan, P., Gesinde,

37



M., Taylor, J., Markham, A.F., Emery, P., van Laar, J.M., Isaacs, J.D.,
2002. Dysregulated lymphocyte proliferation and differentiation in
patients with theumatoid arthritis. Blood. 100, 4550-4556.

Prescott, M., Fitzpatrick, F. A., 2000. Cyclooxygenase-2 and
carcinogenesis. Biochem Biophys Acta. 1470, M69-M78.

Rajapakse, N., Kim, M.M., Mendis, E., Kim, S.K., 2007. Inhibition of free
radicalmediated oxidation of cellular biomolecules by carboxylated
chitooligosaccharides. Bioorg Med Chem. 15, 997-1003.

Roshak, A.K., Jackson, J.R:; Mcgough, K., Chabot-Fletcher, M., Mocham,
E., Marshall, L.A., 1996. Manipulation of distinct NF-kappa B proteins
alters interleukin-1beta-induced human rheumatoid synovial fibroblast
prostaglandin E2 formation. J Biol Chem. 271, 31496-31501.

Sakagami, T., Vella, J.;> Dixon,M.F., Rourke, J.; Radcliff, F., Sutton, P.,
Shimoyama, T., Beagley, K., Lee, A.; 1997. The endotoxin of
Helicobacter pylori is a modulator of host-dependent gastritis. Infect
Immune. 65, 3310-3316.

Santangelo, C., Vari, R., Scazzocchio, B., Benedetto, R.D., Filesi, C.,
Masella, R., 2007. Polyphenols, intracellular signaling and
inflammation. Ann Ist Super Sanita. 43, 394-405.

Trikha, M., Corringham, R., Klein, B., Rossi, J.F., 2003. Targeted

38



antiinterleukin-6 monoclonal antibody therapy for cancer: a review of
the rationale and clinical evidence. Clin Cancer Res. 9, 4653-4665.

Van Snick, J., 1990. IL-6: an overview. Annu. Rev. Immunol. 8, 253-278.

Vane, J.R., Mitchell, J.A., Appleton, 1., Tomlinson, A., Bishop-Bailey, D.,
Croxtall, J., Willoughby, D.A., 1994. Inducible isoforms of
cyclooxygenase and nitric-oxide synthase in inflammation. Proc Natl
Acad Sci U S A. 91(6),2046-2050.

Vernoony, J.H.,” Dentener, M.A., Van suylen, R.J.,” Buurman, W.A.,
Wouters, E.F., 2002.. Long-term intratracheal lipopolysaccharide
exposure in mice results in chronic lung inflammation and persistent
pathology. Am J Respir Cell Mol Biol. 26, 152-159.

Woo, M.N., Jeon, S.M., Shin, Y.C., Lee, M.K., Kang, M.A., Choi, M.S.,
2009. Anti-obese property of fucoxanthin is partly mediated by altering
lipid regulating enzymes and uncoupling proteins of visceral adipose
tissue in mice. Mol Nutr Food Res. 53(12), 1603-1611.

Yun, H.Y., Dawson, T.T., Dawson, T.m., 1996. Neurobiology of nitric
oxide. Crit Rew Neurobiol. 19, 291-316.

Zhang, Z., Zhang, P., Hamada, M., Takahashi, S., Xing, G., Liu, J., Sugiura,
N., 2008. Potential chemoprevention effect of dietary fucoxanthin on

urinary bladder cancer EJ-1 cell line. Oncol Rep. 20, 1099-1103.

39



	Introduction  
	Materials and Methods  
	1. Preparation of fermented sea tangle extract (FST)  
	2. Cell culture and cell viability assay  
	3. Determination of intracellular ROS formation  
	4. Membrane lipid peroxidation  
	5. Measurement of NO 
	6. RNA extraction and reverse transcription-polymerase chain reaction 
	7. Western blot analysis 

	Results and Discussion  
	1. Effect of FST on RAW 264.7 cells viability  
	2. Effect of FST on NO production in RAW 264.7 cells  
	3. Cellular radical scavenging effect  
	4. Inhibition of membrane lipid peroxidation  
	5. Effect of FST on the regulation of inflammatory response genes and proteins  
	6. Effect of FST on NF-κB signaling pathway  

	Concusion  
	Acknowledgement  
	References  


<startpage>13
Introduction   1
Materials and Methods   5
 1. Preparation of fermented sea tangle extract (FST)   5
 2. Cell culture and cell viability assay   6
 3. Determination of intracellular ROS formation   7
 4. Membrane lipid peroxidation   8
 5. Measurement of NO  9
 6. RNA extraction and reverse transcription-polymerase chain reaction  10
 7. Western blot analysis  10
Results and Discussion   15
 1. Effect of FST on RAW 264.7 cells viability   15
 2. Effect of FST on NO production in RAW 264.7 cells   15
 3. Cellular radical scavenging effect   20
 4. Inhibition of membrane lipid peroxidation   22
 5. Effect of FST on the regulation of inflammatory response genes and proteins   24
 6. Effect of FST on NF-¥êB signaling pathway   28
Concusion   31
Acknowledgement   33
References   34
</body>

