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Anti—inflammatory Activity of Sargassum fulvellum
and Skipjack Tuna (Katsuwonus pelamis) Heart
Ethanol Extract and

Purification of Grasshopper ketone

Kang Bo-Kyeong

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract
Inflammation is the normal immune response to injury caused
by both internal and external substances as either self or
non-self antigens.. And that leads to the activation of several
effector cells, such as thymus lymphocytes, neutrophils, and
macrophages, and the release of a variety of inflammatory
mediators and finalized with the restoration of the tissue
structure and function in normal condition. Macrophages and
monocytes play an important role in host immune reaction,
inflammation and allergic responses. It induces inflammatory

reaction and initiate, and maintain specific immune responses by
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releasing many kinds of mediatiors including several types of
cytokines. Among various causes of inflammation, macrophage
activated by lipopolysaccharide (LPS), derived from cell walls of
gram—negative bacteria. Upon stimulating by LPS, two major
intracellular  signaling  pathways are activated in the
macrophages: the myeloid differentiation factor 88
(MyD88)-dependent and independent pathway. The activation of
the MyD88-dependent pathway results in the activation of two
distinct downstream signaling pathways: the transcription factor
nuclear transcription factor-kxB (NF-kB) pathway and the
mitogen—activated protein kinase (MAPK) pathway. These two
pathways induce the expression and release of a board array of
inflammatory mediators including nitric oxide (NO),
cyclooxygenase-2 (COX-2), inducible nitric oxide synthase
(INOS), prostagladins, interleukin-6 (IL-6), IL-1B, and tumor
necrosis factor (TNF)-a and orchestrate the inflammatory
responses of the host. However, their overproduction by
activated macrophages has been implicated in the
pathophysiology of many inflammation diseases, such as
rheumatoid arthritis, atherosclerosis, and cancer. Therefore,
LPS-stimulated macrophages are used as a model to study
inflammation and the mechanisms of action of potential

anti—inflammatory mediators. It 1s well known that existing
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non-steroidal anti—inflammatory drugs (NSAIDs) were used to
treat inflammatory diseases, but NSAIDs could usually cause
undesired and serious side effects, especially gastrointestinal
injure. Therefore, a strong interests in developing new and
more powerful drugs from various natural products has been
growing. Than, the anti—inflammatory effects of Sargassum
fulvellum ethanol extract (SFEE) and tuna heart ethanol extract
(THEE) were investigated using LPS-induced inflammatory
response 1n this study. The murine macrophage cell line RAW
264.7 cells were used. MTT assay was performed to measure
the cell proliferation ability. The NO, TNFE-a, [L.-6, and IL-1f3
secretion were measured by enzyme linked immunosorbent
assay (ELISA). The expression of iINOS, COX-2, NF-xB protein
were studied by immunoblotting. The Balb/c mice were used for
an In vivo acute toxicity test, and ICR mice were used for
evaluation of inhibition rates of croton oil-induced mouse ear
oedema. In addition, purification of grasshopper ketone was
carried out by liquid and liquid extraction, silica gel column
chromatography, sephadex LH-20 column chromatography, and
HPLLC. As a results, there were no cytotoxicity in the
macrophage proliferation treated with SFEE and THEE compared
to the control. NO levels decreased with Iincreaseng

concentration of SFEE and THEE. Moreover, the secretion of
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[L-6, TNF-a, and IL-1B8 were suppressed dose—-dependent
manner and were inhibited up to 70% at 100 pg/mlL.
Furthermore, iNOS, COX-2, NF-xB, MAPKs (NK, ERK, p38)
expressions were decreased by treatments of SFEE and THEE.
The rate of oedema formation in the mouse ear was reduced
compared to that in the control. Moreover, no mortalities
occurred in mice administered 5,000 mg/kg body weight of
SFEE and THEE over 2 weeks observation period. To separate
the active compound of SFEE, the SFEE was partitioned
successively with n—hexane, chloroform, ethyl acetate, butanol,
and water. Among the solvent fractions; the “hexane fration
exhibited the highes activities and then the hexane fraction
eluted with CHCIl3/MeOH (20:1) mixture by a silica gel column
chromatography exhibited the highest activity and this fracton
was subjected sephadex LH-20 column chromatography twice.
The highest active fraction was. conducted HPLC analysis and
the grasshopper ketone was isolated. These compound showed
high anti—inflammatory effects of 100%, 97%, and 77% on IL-6,
TNF-a, and IL-1B production at 100 pg/mL. Also, grasshopper
ketone inhibited the LPS-induced phosphorylation of NF-xB and
MAPKs. These result suggest that SFEE, THEE, and
grasshopper ketone may contribute to the inhibitory effect on

inflammation.
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al,, 1994; Heinzemann & Daser, 2002; Song et al., 1998; Sung et al,
2012).

H(Kim et al., 2013b; Ljung et al., 2006).
o3 FFHHEAAN FoF JEe st dHAEE O 54
Lol g FAAA FAO B, SWSoA o AF == A

FH ELE0] &EHISH= cytokineo] o8] A3 Eo] FHFE B WY
2

AlsEo] ol XN EHA dFHtes B A3 o (Higuchi
et al, 1990). Murine®| THAMZFQ0 RAW 264.7 cell> 1849

A Z &t EA st W 542 lipopolysaccharide(LPS)e] A=l <] 3]

nitric oxide(NO), interleukin-6(IL-6), tumor necrosis factor-a(TNF-a),
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IL-183 22 dF "Wedd &Rl SXn. o83 =2d&2
cyclooxygenase(COX) 9| 285 &3l leukotriene, prostaglandins |
stAY, NO°o| tgAdts 2T 2A 50 23l

r

2

A5 st AS=E dHA JTHKim et al, 2009; McDaniel et
al., 1996). 53] COXe Alx9te] JAXH=ZRE {2l¥ arachidonic
acidE prostaglandin® 2 H&A7]& JAE  COX-1, COX-29
iso-form©] &A]3F=H|(Smith et al, 2000), COX-12> AF=ZoA 7
A EEEo] HetRS, dad JA4 5o A A FAY 9=
st WHH, COX-29 4 9% & Ald¥ LPSY cytokine, growth
factor 52 A=l ofsl FASH thAAze} G FERE YA H o
prostaglanding Aldgtt}t. o|# A WAHHE prostaglandine FFY Al
FIAES A RS FESI FEA T]oRn
(Bishop-Bailey et al.,, 2002; Seibert et al., 1994). E3F A FRE-SolA I}
Yog AEE= AoE dHF NO= AlE WAl nitric oxide
synthase (NOS)°ll ¢]3ll L-arginine®] L-citrulline®. = &= HA A4
He Aoz, AAA, BIA, AddA Al Fo AFHEELY] 9
< 3t o]H 3 NOSE= EZFFol neuronal NOS (nNOS), inducible
NOS (iNOS), endothelial NOS (eNOS)¥| 3&®/7F o™, I F iNOS
© 9FAF o]y pro-inflammatory cytokine®] &g &3] T
7, WAAE, SFHE SoA TSt & NOE AAdsts a4
o|Th(Lee et al., 2007). wAAZe] <AFHESoA o]8dd AFA
cytokines, COX-2 ¥ iNOS¢} Z2 €5 wi/AEY ¢d2 F8 A

1A+l nuclear transcription factor kappa-B(NF-kB)®} activator
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protein-1(AP-1)¢] &/ ¢Js] =% =™ (Bacuerle & Henkel, 1994,
71 % NF-xB2 p65 ¥ p502] F 719 subunits 7HA& @¥d=, 4
FdH ol A= inhibitor kappa-B (IkB)9} Adstd £ HH=E A=
ol Agxo] O H(D'Acquisto et al., 1997, Makarov 2001), &F8
§ Aols ZA3tE IkB kinased] Z&ol o3 IkB7F QAAFSIE HA]
NF-xB7} f&l=o] &4 3t8th(Majdalawieh & Ro, 2010). oA &4
3tEl NF-kBe= AlZef 3 yWRE Soj7F &5 w7l 382 promoter
of Agste] NF-xB oEHAE fF=stAHM, o] TNF-q, IL-6, IL-1
B, iINOS 5 COX-259 <2 d<5 m=de] s S8t 45
< A 3}g ) (Straus etal, 2000). ©]# ¥ NF-kB & EXHAL HA=E o] ]
=, WA EeA A LPS A=el s F43H= g2 tEzA ASe
mitogen  activated = protein  kinases(MAPKs) 2. &, | oAl
extracellular signal-regulated kinase (ERK), c-Jun N-terminal
kinase(JNK), p38 protein kinase(p38)2] 3%°] ¢HA JTHKim et al,
2013b). o213 MAPKse| &2 A4tste] oJs =d=w, MAPKs7}
A4S E o] & ste ' AP-10] &4 3slgoel wgt iNOS 2 interleukin
gz o] AAZF dojdtt EF MAPKsE IkB kinase®] E43tE =
dale AS=2E A Y (Marks-Konczalik et al. 1998, Zhang &
Ghosh, 2000). WetA HAMZE wiAT 54 dSitse =d2S 9
&kl iNOS, COX-2, NF-xBe| ®d 3l MAPKe <lthst =43t
cytokine #H] ZH2 dFHrEe] HHaL= QAHI lom, o
A28 FAHe st =40 A5 AW B ARAR

i3 QItH(Kim et al., 2013b).
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2@ 717+ &<t hydrocortisone, prednisolone, betamethasone® #Z-2

2 45 9Alsie == ol&Ho stoy,
&4 o HMEZT 2o oy AZE BR8-S 2y ste ALe Al A

dol  flew, aspirin, indomethacin, phenylbutazone¥} %

23
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-

Q
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rlr
juks
ox
Y
lo

rlo

nonsteroidal antiinflammatory drugs(NSAIDs) 94| 9143% =4, A%
2 A7 A 59 A7 FEAES JHAL Ao T AREo] AEH
AH(Dogne et al., 2006, Makins & Ballinger, 2003, Rainsford, 2007).
ek Bt bRt Asx g9 Jide] ZTHI A= I, HAE
27 29, A" =422 vlui =4o] Hol ofefFol Hla| A7
F AFATE &oldtte e ZHAAL o A 4T AdFE=E H
F& o& 4 Ao X84 Jido] &e] o] FoX L ATt
(Lee et al., 2011, Kwon et al., 2009).

A A=< o83 fd5Hs 3tol Hid dFEE HAF(Kang
et al, 2013), AAGUF(Lee et al, 2012a), T=u=(Lee et al,.
2012b), Z%o|HA(Choi et al., 2018c), ZEF FI|(Lee et al, 2013),
AEfUF Sl(Jung et al, 2018)5% SAAEC g A9, 523
(Yun et al, 2012), A= (Choi et al., 2013b), $3}2H(Kim et al., 2013a)
s AA ol td AUt FE olFa Jon, ol S =Y
Aokl A5 AYBA 7s AT olu I AA N o2 H

g, S ES AT A= T F 80%s AAeteE A= dHA
S W (Kwak et al., 2005), 54 M=ol Hla| 14, 1o E53 A

NA AFstHA Tt ruE dis FRskal o, LR T

'—

1>
rﬂ
o[N
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Agddoz2s IAESE, 18y P (Bae, 2004), FH(in & Jin,
2007), F=AHo](Choi et al., 2005), 34 %(Kang et al, 2008) % &
S (Lim et al, 2008)%52 7ls°] RudE ul 9low, 53 A2/ T

oM 9 ENEAR( Myagropsis myagroides)| A1 2] fucoxanthin

(Heo et al., 2010)3}

(Ryu et al,, 2009) &©°] Hil%il
==}
dopalol Aol dg Fxst= thaAA dxAEE FEuEelA
22, w7 B2

o) B3l

B AT AeH

(1

shokel x| 4ol mAh,
58 EFstel o 209 3

et al.,
o2 EEojA+£H
9 5% o%
Tl oF 15.8%,
= dth(Kang et al,
o|H ko] WEW d=HYH
ol &= &

e Ao
ATz 3

et al,,

al

T

}(Bae, 2004), &+

L& 0]

2012). 53] A& o2 o] &HE AR FE

F7F 36~60% 2 EX3HA
A4 5% 2 3E 275%<
2008; Lee et al.,

=1y —I_O

= (Donguibogam Committee, 1999),

P SYE A

= (e}

1996, Haung & Wang. 2004), JEH-g 1

Kl

ZHell (Ecklonia  cava)l 4l &€]¥  phlorotannin
ATt
(Sargassum  fulvellum)-& 3+,

Sp

rr

A= Aog

|, &= cellulose, fucoidan, laminaran, alginic acid

S50l Qor, olgex

(e}
A

1996).

O 1L~
=P, 1

Aol gk

g7 (Lee et al, 2000a; Lee

115 (Gray et al., 1975),

E FEE9 IS X (Jeong et al, 2012)0 tigh A7 HPH wf

o, AR FrAntel T Z3

=4 ok &, A =

w40l ok A= ¥ d vk gloh
-, FA(Katsuwonus pelamis)= §°1& 5ol HIGEII|E,
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FFE 20009 ol F F wF flo] o 3W~277 M/T WA=
¥ =3 tH(Kang et al, 2000; Oh et al, 2007). o1& = X
z9 Azxol ol&H<=d A FxH JHE Al 7HAF 55%
stal oF 45% AE o FAMEo] AAE, B9 AxF T
NHEERAA YoE #HIE o] FIete SHEA I A
A EE&AHR gt o] go] wlg HAT Aol

A2 Thy A AEE RAbEd e AA, Asd, W, A 2 Yol

Aed, I F g2 FE A" FZ(Cho et al 2005, Rahman et

ol
k1
30
o
&
RS
i)
J

al, 2008), A-&H-& ak3H(Lee et al 2008, Jang et al, 2009), &<t(Jang
et al, 2009) &3, W= dEFELR A oA 7L (Seo et al 2008), W
A2 AT HAE 22 AA(Kim et al, 1998) 52 HokolA 1
&4 ol&S HAsl s AFHIL oy, AR Ae dxo=
T 715y o] &l dis) AE uE §lth

metA 2 AgolMe olBd FEAE Bl X A cdge FEE

o

|

Az W
1. 438 A=
1-1. 98
—_ 10 —_
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stetn Xy ZASE 20ColA AAstH AREsFATE FHA| (skipjack
tuna, Katsuwonus pelamis) 217 22> FXY AsA g & SA] 2H
Holom, A& & FAAxst B3 Ao, THF&BEYEH I35
ol 4Tl AAste AgStGAT. Table 12 FA Ao dwbgdE 4l
FEE YERd Zold.

1-2. &

Ao 8FHe F3, ICR mouseds 2 MENIO]L(Orient Co.,
Seongnam, Korea)=HE T U3t # FF AP Argsiaern, A
< 105" ¢A, Balb/c mouses ©7] 54 H7F A3 AESHA
ok vk 25 2012C, 5 50+10%, 12413 HAF717F A==
5

ARG A A 15743t 9B AR5 & Aol ARSI

1-3. A<

Fetal Bovine Serum(FBS),  penicilline/streptomycin> Hyclone
(Logan, USA)°ll 4], TNF-a, IL-6 ¥ IL-18 ELISA kit= BD Science(San
Diego, USA)A FU3tq  AE3H 2™, Dulbecco’s Modified
Eagle’s Medium(DMEM) ¥jA|+= GIBCO(Grand Island, USA)°lA

o]
=]

ol

+d AF&3F AT Dimethylsulfoxide(DMSO),
Lipopolysaccharide(LPS), 3-(4.5-dimethyl thiazol

2-yl)-2,5-diphenyltetrazolium bromide(MTT) Reagent + SigmaA}
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(St.Louis, USA)ollA 913+, iNOS, COX-2, NF-kB p65, p-JNK,
p-ERK, p-p38 % B-actin®] A} Anti-mouse IgG conjugated
horse-radish peroxidase™= Santa Cruz(San Diego, CA, USA)°lA +<
st AREStth.  BCA  Protein  assay kit 2 Enhanced
chemiluminescence kit(ECL kit)~= Thermo scientific(Rockford, IL,
USA) AlF<= Tdst] Aol o] &3ttt
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Table. 1 General compositions and salinity of tuna heart

General compositions

Tuna heart (%)

Moisture 65.63
Crude protein 29.86
Crude fat 1.06
Carbohydrate 2.3
Crude ash 1.15
Salinity 0.4
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Z+zy 10819 95% 2 80%
ogtE<S 7tk & wRHZ](H-0820, Dongwon science co., Busan,
Korea)E ©]83td A2oA 24A17F ¢ F=33 . ol& A&
7](UNION 32R, Hanil Co., Incheon, Korea)E ©]83ts 3,000 rpm?]

A 1087 QAR F FAL A%a, BAE o83l olg) F

Ao

4 BRoE 23 WEste F=EIT FESHY 22 FSde o
Hato] 37ColA s =7]1(RE200, Yamato Co., Tokyo, Japan)& <&

3 5 Ax3AT. AxE ASE -20CANA Basty Ao AHE-3t

3. 449 WH

3-1. ¥9F B4 54

3-1-1. A= ujjF

Murine®] WAMEZFQl RAW 2647 HEX&= =AM ZF23Y(KCLB
40071) ol A WFrbol ARk o™, DMEMell 10% Inactivated fetal
bovine serum} 1% Penicillin-streptomycin< 3 7}3F v} A& Hj A o
® 37C, 5% CO, oA widsisitt. ddade] Re Axe
80~90% A= WE=E Agts o At v, 20 Passagess @
714 &8 M ERE ARSI

3-1-2. ¥ B4 =34
N5 AEEARS Hrtatr] 98l Park 5(2006)8] HS oFzF Wy

|
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&lo] MTT assayS A A8t RAW 2647 cell 1x10° cells/mLE
well plated] &F3tal 20413t A ik +, 1 pg/mLe] LPS9} &=}

£
HE.

HANY FEFES 5H(0.1, 1, 10, 50, 100 ug/mL)Z H7}3}
o 37T, 5% CO, incubator(MCO-15AC, Sanyo, Osaka, Japan)°ol|A] 24
AZE A eFstd T Ml ¥, 5 mg/mL =9 MITT Aeks F7bsho
2AIZE A wReFSlaL o] F 47C, 2,000 rpmol A 1083 YA E2](UNION
32R, Hanil Co., Incheon, Korea)st| 4ZH-E& AASIAT. 1 *, 7+
welldl DMSOE #7}8kal ©]& microplate reader(Model 550, Bio-rad,
Richmond, USA)E ©|&3l 540 nmolA &35 (optical density
(OD.)E SAHSAT. A XS4 52 tha Aol s AtstAt

Proliferation Index(%) = (sample O.D./ control O.D.)x100

3-1-3. Nitric Oxides Y& 53

NO¢] Fx+& WYY We nitrite §%F5 griess BF-3(Lee et al,
2000b)S ©]g3te] ZAFA ok RAW 264.7 celle& DMEM HIA| & o] &
&lod 25x10° cells/mLE ZH3 5 24 well plated] HE3t1 5% CO,
incubator(MCO-15AC, Sanyo, Osaka, Japan)ollA] 20A]1%F 2l 93}
ok AlZe] 1 pg/mLe LPS$t 0.1, 1, 10, 50, 100 ug/mLe] T== F
2Rk g A FEES A4 Adste] 2443F A AT
Mg el FEsdes 4 F, FF griess A%F(1% sulfanilamide +
0.1% naphthylendiamine dihydrochloride, 1:1)= X 7}ste] 420l A
103t ¥E-§-A171aL, microplate reader(Model 550, Bio-rad, Richmond,
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USA)E ©| &3t 540 nmolA 35S ST, AE wigd U
NO<®] F%+& sodium nitrite(NaNOy) o] FEH EFHd3 ¥ W3t
A=A T

3-1-4. 9% #H cytokines EHF ZH

d5 ¥ cytokined ®HIFES AT fsl RAW 2647 cell&
DMEM H| A& o] &3} 25x10° cells/mLE Zd3F 3 24 well plate
of HZE3ta 5% CO; incubator(MCO-15AC, Sanyo, Osaka, Japan)ell A]
18417 A wjkstdh. A=l 1 pg/mLe] LPS$ 0.1, 1, 10, 50, 100 n
g/mLe] FrEAE gl XA FEES Adste] 1243 A A st
Jok AEZejrd e TNF-a, IL-6 ¥ IL-1B cytokine2| 1]
ELISA kit(Mouse ELISA set, BD Bioscience, San Diego, USA)E ©|&

filo

st SAstAT. o] & fl3l ELISA microplate®l capture antibody®
anti-mouse TNF-a, IL-6 & IL-1B & ®&F35t9 4TolA 35w &<
coatingAl At ©]& 0.06% Tween 20°] 3Z3¥ PBSTE A3t 10%
FBS &9 © & blocking &}t PBSTZ A% 3k 5, Z} microplateo] Wl

F FFoe BFEI ALl A 241F WS AT A PBSTE A%

ok
4n
30_1

213k biotinylated anti-mouse TNF-q, IL-6 detection antibody
9} streptavidin-horseradish peroxidase conjugates % 7}3slo] A-2of A]
1A W AIAT. IL-189  7d-F, biotinylated anti-mouse IL-1B
detection antibody & H7yekar 1413k Ele =,
streptavidin-horseradish peroxidase conjugateE 7}t 30& Hb-S

NZAG. 1 %, o]E tA] PBSTZ A& g th2, OPD &4& 37}sled
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AeolA 308 T S AR 2N HS0.2 wheES 243 F,
microplate reader(Model 550, Bio-rad, Richmond, USA)E ©|-&-3}

490 nmo A FHFEE SAIO

3-1-5. iNOS, COX-2 5! NF-xB ¢3d%F 373
INOS, COX-2 5 NF-xB &do] WA= A5 35 ofrr] 9
3l RAW 2647 cell= DMEM A& ©]&3t4 iNOS, COX-29] 7%
1x10° cells/mL, NF-xB&] 7% 4x10° cells/mLO.& Z&A&te] 20 Azt
moF ATk AMZel 1 pg/mLel LPS}F 0.1, 1, 10, 50, 100 pg/mL
of FEAE 8l FAAME FE=5 A Fske] INOS, COX-29| 4% 18
AlZE, NF-kBo] 7% 30 A wlFstdet. wigel 2 A5 st
o 33] PBS(phosphate-buffered saline)= |23 &, Sheeba$}
Asha(2009)¢] HHHol wah, A4 8] INOS, COX-2 ©Hd 385
#13+ cytosol  lysis buffer(50 mM HEPES (pH 7.4), 150 mM NadCl,
5 mM EDTA, 1% Deoxycholate, 5 mM Phenylmethylsulfonyl
fluoride (PMSF), 1 ng/mL_Aprotinin, 1% Triton X-100, and 0.1%
NP-40)E H7}etd 303t 4TCollAl Lysis AF 2™, NF-xB p652] 73
% 3 e NFxB pesb @d Z4& 9t ®A hypotonic lysis
buffer (10 mM HEPES, 10 mM KCI, 1.5 mM MgCh)E % 7lste 15
HZF 4T A lysis AlA crude cytoplasmic fractions AAT &, G2
pelletell nuclear extraction buffer (10 mM HEPES, 100 mM NaCl, 1.5
mM MgCl, 0.1 mM EDTA, 0.1 mM dithiothreitol (DTT))& F 7}3}
lysis A1FH T I % 12,000 rpmoll Al 202%F A& st Al=zet A
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i 55 AASEHY. @WE FE=& BCA protein assay kit(Pierce,
Rockford, IL, USA)E At&3ted AHEFstgoem, 30 ulLel lysates
Laemmli(1970)2] ¥ < AL-83le] 10% SDS-PAGEZ E&] sttt £
L3 o o Towbin 5(1979) 9 U= ZF 15}
PVDEF(polyvinylidene difluoride) membrane(Bio-rad)ell 200 mA°l|A 1
ANZE & AAAIZL F, 5% Skim milk7} 323 TBST(tris buffered
saline; pH7.5) &4 O & o4 2417k &<t blockingdtth. iNOS,
COX-2 % NF-xB p659 2 = HESZ] £ FA=Zs
anti-mouse iNOS, COX-2 % NF-kBE A3l 1:5000.2 3| A3t
2ol A 2/ WgAZl & TBSTE 33 AASATH 22k FAE
HRP(horse radish peroxidase)”} A% H anti-mouse IgG % anti-rabbit
[gGE 1:20000.2 3|43l d2olA 1A1ZF HE-EAIZl 3, TBSTE 33]
Al ste] ECL 71834 1~3% Xt ¥hs & ZZpo] did W=+ Gene
tool(GeneGnome5, Syngene, Cambridge, UK)E ©] 83} 7}A138} 313
o},

3-1-6. MAP Kinase (JNK, ERK, p38) 23z =4

MAPKs®] 3o W x&= Ago] G Lolry] 945 RAW 264.7
cell& DMEMH|AE o] &3te] 1x10° cells/mLO. & 18AI1F Aujek 3}
¥ FEAN g AN FE2ES ¥4 (0.1, 1, 10, 50, 100 ug/mL
glate] 302 £ Wi sler, olF9 4P 3159 TY
2 239} pINK, p-ERK, p-p38e &d & HESY
% FAZ= anti-mouse JNK, ERK % p38& o] 83l 1:5000°. =
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DRI PARCEC R =8

3-1-7. 1 ¥ 54 2 =3 #3F

ezt 225 4 28E, FANT FE=9 ddSs 2HE in
vivo RS o]&ste] HFsH7] At 47 Kim 5(2002a)¥, Saraiva
5(2011)9] LRl YgAstY AFF 4 2 =F #FES JAPs3H
ICR vhp-2of FEAE 8 FAHNE es FE=< 10, 50 3 250
mg/kg-body weight 5% 200 uL¥ A Fof 3tth =
T2 prednisolone< 10, 50 mg/kg-body weight2 Al59} & 2+
Fo stdt. & A F, LEE A9 25% croton oil& 20 plL/ear
FTERE EX3AY. A FAE croton oilS AHEEHA 5AIE T &4
k1o croton oil AT F FAL FUIE HFY IHo=E UF
S} AT

%7 JHE ICR 1}$28 92F Fo 22EL 100 mg/mL 55
2 20 pLY =xZ351H 2™, control = prednisolones 0.08 mg/ear©]
FEE 20 L =X359 T 158 F, 5% croton oil= 20 pL¥ =331
o} 6A1ZE ), diethyl ether® wFHALN A17131, A Z2AS FAStA 10%
formaldehydeo] 72 Azt nAsAH. 14 F dehd £E5& s

B AFS A Fo oFEHA A Al 2014-1365(2014'd 7€ 309 AW
— 19 —
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A) ‘ookF T FAANFIIF Y Seok 5(2014)°] ATUHES MRS

2 A3¥8<s s Balb/c PH2E AF AE Ao 4643t A=
A

i)
1>
>
oY
ot
-3
nN‘
_,d
3
Ne
Y
o>
o
-3
rn
fjo
i
G\
i
o
(O8]
(@)
S
N
(@»)
(@)
(@)
Ne

< 5ZF9 n-hexane(C¢Hys, Hex)

o
N
—l—l
O
i
£
=
o
(@]
-

o
=]
- 4
2
N9
>
N
ol
r o

shaker(Dongwon Science Co., Busan, Korea)ol| 4] wHIgH & %545
FHst] o3, 7UE =3l n-hexane 8-S dRom, A3 YHO
= chloroform(CHCL), . ethyl  acetate(CH;COOGCHs,  EtAOc),
butanol(CsHyOH, BuOH) &8 < 43Ut CHCL& &2 st5d s F st
o™, EtAOc % BuOH #32 435S #3taih

3-2-2. Silica gel column chromatographyo] 2|3 F= A%l
4

Hozdl  oEs  FEES n-hexane w8 ES  CHCLolA

M

n-hexane =& 9

methanol(CH;:OH, MeOH)Z &"l A& DAZC=E WA AH

_20_
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silica gel column chromatographyE At 8 &S Ayt &4
3}¥l silica gel(70 - 230 mesh; Merck Art, Darmstadt, Germany)ell
CHCl3& 713t slurry® RHE3L glass column(5 x 10 cm column)l]
X 3 ¥ o|F CHChLE AMAsAY. FEAH Hex E£9&&
column®l| loadingdt¥th. CHCL¥ MeOHS &wiAZ 3sko] 501,
20:1, 10:1. 5:1 B2 cAH R FEsY 779 E8E= AT
st 37ColA -3 Ax=AZ 5 &

S
AC)
(i,
S
ot
il
rlo
iy
zd
off
A

3-2-3. Sephadex LH-20 column chromatographyo] <% &2 &
3

Silica gel column chromatography®l la |zl 7719 +8& <
o] =2 4 EF S o]835le sephadex LH-20 column
chromatography & %33t A& &ul= CHCLY MeOHS 1:11%
E3ste] AHE E= MeOH= ol &3stdon, AR &ulE o] &35}
sephadex LH-20(Amersham = Pharmacia Biotech AB, Uppsala,
Sweden)E slurry® %HE3l glass column (25 x 90 ¢cm column)®l
FXgd & 49 BE¥ES column©]  loading st o,
CHClzMeOH=1:1= &A= st 6719 &£8< 53tk 1 =
FaFs Aol 7 =" 58 £33 sephadex LH-20 column

chromatography(MeOH)<= ©| &3} A A3} .

3-2-4. HPLC
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Sephadex LH-20 column chromatographyoll ¢J&l #2ld &S 3
A8t preparative HPLC(ODS column, 10x150 mm, 25% aqueous
MeOH, 3 mL/min)E AA|3}o] grasshopper ketones 2] AA 3t
At

_22_
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S. fulvellum ethanol extract (SFEE)

H,0 n-hexane

[ ‘ CHCl,

n-hexane fraction (41.3%) ‘ i

CHCI, fraction (2.3%) ‘ ‘ Butanol

EtOAc fraction (2.6%) ‘

Silica gel column chromatography Butanol fraction (2.3%)
(CHCl;: MeOH = 50:1,20:1, 10:1, 5:1)

| | | | | |

Fr.I Fr.I Fr.II Fr.IV Fr.V Fr. VI Fr. VII
(117.2mg) (659.6mg) (O5mg) (259.7mg) (77.8mg) (131.6mg) (150.5mg)

‘Water fraction (46.5%)

Sephadex LH-20 column chromatography (CHCI; : MeOH=1:1)

| | | | | |
1 3 3 4 5 6
(mg) (8mg (Ymg (Img @5mg 4mg)

Sephadex LH-20 (MeOH)

Sephadex LH-20 (CHCI; : MeOH=1: 1)

Preperative HPLC
(ODS column 10 X 150 mm, 25% MeOH, 3 mL/min)

| I |
B 1 Frel Eri3
(~12 min) _ (12 min, peak) (12 min-)

Grasshop]:;el' ketone (6 mg)

Fig. 1. Procedure for the purification of a bioactive compound,

grasshopper ketone, from Sargassum fulvellum ethanol extract.

_23_
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o] HexZollA £&¢ CMB-2 (Fr. 2)] 33}

HFHEAdE dere FEE
TZE T3} s 600 MHz FT-NMR
=]

Spectrometer(JNM-ECA600, Jeol, Japan)E Ah&3st3om, A&
A& 913t LC/MS spectrometer(Agilent1100, Agilent, USA)E At

&3t

© A3 Ao i Foxk A4 SAS software(SAS Institute,

Inc., Cary, NC, USA)|A]
multiple range testi ol @} p<0.05 <+

HA4ks E4HEA 3 3, Duncan’s

2R
dHEy geEs 523 #34e A% vE =231 2AES fsl RAW
Alzel tisll MTT assays 2A8FAT FEARE 2 JX44

264.7
®g FEES 01,1, 10, 50 ¥ 100 pg/mL2
s JJr(Flg 2A, B), RAW 2647 M E9] F2l50] BLE

_24_

Collection @ pknu



o7

Jo

FZE= A7 Al RAW 2647 AlEZ F2]%5°] negative control¥}
A Aol & 7HAA Kol AE FA 0] R
metA o] $-2] RAW 2647 A5 o] &3 AT &3 54 AdddA

FEamE g FAAG deE FEFES 01, 1, 10, 50, 100 ug/mLe

_25_
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(A)

125}
ND
100 = - = = =
X
3
£
c 75-
2
[
= 50f
9
o
25t
0
Sample . 0.1 1 10 50 100 (ug/ml)
(B)
125+
ND T iC
100 - =
X
3
£
c 75
2
8
5 sof .--"
= RS a3 ¥
ST S

0

Sample - 0.1 1 10 50 100  (ng/ml)

Fig. 2. Effect of Sargassum fulvellum ethanol extract (A) and tuna
heart ethanol extract (B) on the proliferation of RAW 264.7 cells.
Proliferation index (%) = (sample O.D./control O.D.)*100.

"PMeans not significantly different (p<0.05).
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1-2. Nitric Oxides A A &3

NO+ L-arginine®] L-citrulline®.2 3= &= FAH 4 iINOS2] 2§
of os) A== wH3Adol A oldA A Z ot (Yum, 2009).
olZ gk NO= AA oA & ol #dosted dhS =4dsta, Al
52 AEJY Aaxdgoly g+ A& 2 tdd AYrls

& B8 A7 A2 uAsAY, A PoldET e ste Aoz A

b

oA wl$- Fa3 9SS IHHan et al, 2014b; Kubes, 2000;
Schmidt & Walter, 1994). L2{u} A &2 Ql dFHkgol o HJo=
AdE NO+= 4 =7F AYH nitriteNO,), nitrate(NOs) &< <Y
st== <A sHA =, A ¥4 3 A=
peroxynitriteanion(ONOO) 7} H5= Yo 7]3(Castillo et al, 1995;
Southan & Szabo, 1996), MX U HAFES ofr|sled 237 &4&

FUY WY ollg, BB AL IANA FTL 5N 9F 9

243 Az & FEab gl AR dEe FEeEe 5201, 1,
10, 50, 100 pg/mL)= A&t AHdH NOE griess A Fa ©] 83+
gtk FEARke 7

7
= oEHom NO Bulge] A gasts Ae Jstgon,

|\

off
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J[m
ol
-

PS ©@= A2 Al 16.42+050 pMe] 1| &S B P o, FEAHE
Aehe 22 50 pg/mLe] $E2 A Al I 3224050 M
HFHE Ho oF 80%9 % NO #¥] dA &35 7HAe As &
AstATE ol EAHEE bl &3l oE ZARFQ AAe]
AheE ol &S FEEY Ao Wt NO &RV ZHad A (Lee, 2010)
o}, Q&7 EAHEO 2 HE EE 3 fucoxanthin®] & NO A<

7B AT At 3T (Heo et al, 2010). &2 &, oAM=

I Xed S4do] BF §EH= Ae® Hud nh A=H(Lee et al,

2009), 53] A=/ dExzH AL MAQ fucoxanthine A7 2t

=
dH A O™ (Giovannucci, 1999), =3k A xFol| FHI 84 O3
F¢1 fucoidan®] RAW 264.7 A|=Z oA NO A3 iNOS &3S o
dh= EI(Kim et al, 2008a)2 H|FojE w), o]zt HEo| ZAZ2F
Ql FEapike] NO A Asjaztel 9Fe v Aoz Agdn.
5o g2 IAANG &S F5=2 79 (Fig. 3B), negative control®]|

87054 M= & EulgS HP oY, LPS HIE A
o]

3 4dE ZHE AL FASAL. AARA FH o @

nf
o|N
l:op
_‘Y;I

of thdt A= FA oA 3 eicosapentaenoic acid (C20:5, EPA)

_28_
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9} docosahexaenoic acid (C22:6, DHA)E °]&3% dAF7F =& o|F1
A (Khair-El-Din et al., 1996; Lo et al, 1999; Weldon et al., 2007).
gy E AT ARRE A AR A o] @id Ao
Z FAHol 9loH, EPA, DHASH 22 Ad 49 d&F2 ¢
Al 54 = A (Table 1).

AANA FA A dwE 2o oig 1z HuHE v glon,

e

o] Fol= s A& A peptide’t =] O (Erdmann et al.,
2008), °l5 A4 peptide—t— AN F2E 753 2 A
systeme ZA3tE AR dHA AT (Meisel & FitzGerald, 2003).
Cheong (2007)2 Al AsqoA kst GAS 7HA= peptide?d
L-anserine? L-carnosine< &2 BA3tR o, 53 Hwang 5(2012)
¥ Lee 5(2012)= 44 F=E3 vix=He) st A= 72l peptideZt
LPS 5 RAW 2647 celle] €5 HksolA NO Aibs edAlste] o<
T 2¥4E /Rl Husiin.

metA 2 ATelA yebd A AR CdEE FEEd dds 529
= A AR o e B E f2f peptide A EolA 710 A

o2 AlsHEt.

_29_
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(A)

20

a
-
b
15+ T
s c
N
g 10+
2 d
=
4
51 e
e T e
0
LPS + + + + + +
Sample - 01 1 10 50 100 (pg/ml)
20
15+
a
ab
2 N oI
N
b
§o s
o
o
s
r4 c
sk I
(o]
T C
0
LPS + + + + + +
Sample - 0.1 1 10 50 100 (pg/ml)

Fig. 3. Inhibitory effects of Sargassum fulvellum ethanol extract (A)

and tuna heart ethanol extract (B) on production of nitric oxides

in RAW 264.7 cells.

““Means with different

(p<0.05).
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1-3. 95 #H cytokines A4 A &3}
Aol A dF ®bgol dojy®, NO, PGE, 53 &2 €< "7

ol AsATY ATe s Wl g

o

T
o,

o

cytokine©] #H]==H], t3E2 Q] pro-inflammatory cytokine®l| <= IL-6,
TNF-a % IL-1°] AoHKim et al, 2013a). ©]2]d HEFA cytokine
z7] 945 W #Asa U= A2 d#A Jd=dl(Tizard, 1986),
O8] AlZze AZE< LPSt TNF-q, IL-69F 22 cytokine®] #
de Fxlsta, I A3 iNOS, COX-2¢F 22 wwiz o] F713lof
et NO, PGEyF A4dd =X dFo] AH3tHA dv(Kiemer et al,
2003). ©]# g cytokine F IL-6&= T3T, thAM=E, &4std A=

offl
:L_Il

2 oA AZoA EHlEE ASE B AE7E plasma AlE=

He 9AE AN EN FA ERlE SAAMA 548 dF

Ao
2

=
filo
2

o
o

A EF R A= AES St (Hibi et al, 199;

A

im et al, 2011la; Wang et al, 2013), #% A4k Al A A3, =

m
F Y dst g FF 59 o8 e adetH, ok dWolA

N

wH ol FUtste ASE &#A. AT (Chae et al, 2007, Delgado et
al., 2003). TNF-av= FTY¥AARIAIE 3tH, @all 78, A2 9 H|
WA Zo A HAEE Aoz, AFSANA R FAo A4H Fge Fho

A HHAA S7HE TS Hole AoE vy dS5ESI 4

rr
>}L
Hﬂ

A A AH(Djeu et al, 1988, Kim & Son,
2012; Park et al., 2014; Moon et al., 2013). ©]# 3% TNF-a& WiH]
2 EHAZ S AN 2 thyAE2] TNF-a F&A el ligand
2 ZAFstd 9% ul/l AARIAR] NF-kBe] p50/p655 LA sHAIA
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TNF-a 2 IL-69] cytokine®} iNOS, COX-2¢9} 22 dZ w7 <xl2
Tde S7HAA 5 AsAZIH(Tracey et al, 2008; Giuliani et
al., 2001; Medzhitov, 2008; Tak & Firestein et al., 2001). ©]Zgt

TNF-qo] =427 Z7l= o BE dzx E= Zo] = ulgo 7=

| =
A FEE FIANA AR EFE At A 22y &3S Tt
A& THLee et al, 2003). w0l B2 ATFE°lA TNF-ao 28S %

g 454 A& AEHE AASEL Yth(Tracey et al. 1998; Beutler
et al., 1989, Kim et al, 2011b; Wang et al., 2013). v}A| 2o & JL-18
+ IL-6 3 TNF-a¢t &7 thEF 54 cytokineo = T3 AFA
A5 8]l ost FAsE GElT, X AME, B AE, FAGAE
s EHEE Ae=, B AIEY A, T A2 43 9 NKAZ
o] A 3}o| #AAste] HAAE AS38H, AFHEoNA NO A=

Totar, AGEHRe] AR ste AMASHE F =Sk cytokineo| T

(Kim et al.,, 2011a; Chae et al., 2007; Delgado et al, 2003, Masters &

Jo
=]

Simon, 2009).
b Rk 5l AU s FEE0] 454 cytokine?] A

Aol Al e LotR7] st RAW 2647 Ao LPS ¢
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A A= 40% ©17de] TaE RYoH, 53] 100 ng/mLe %
] Al, ®ulgFo] 7}z 35.88+11.10, 10.91+1.73 pg/mLO.Z, LPS

A Al Z+Zb 350.27+5.55, 69.76+0.00 pg/mLS UERA A Hlus)E
wl oF 89%, 84% 2 HadEATE Sdee FASAT TNF-ao 7d-%(Fig.
5A), LPS ©& X 2lA 1,733.56+68.89 pg/mLe| EB]FS HQl Ao
H)3] 100 pg/mL F=Z *2] Al 143.21+8.83 pg/mLLZE 90% ©]/2)

DAE R FHEAE e F=Eo] [L-6, TNF-

RURNC]
I &
2 o%
AR 124
> oW
kol
—E—’Y‘—j'
B o
e\
[68)
% T
g
o 2
ISR
NI
L !
GoX
W
=
=
UJO'\
A
)
(@)Y
T
U&%
B
HE
R
o
=2
Rl
=
"
5

Lo Ee Hulw
l::_
o -

Z+7y 110.60+4.88, 676.31440.20 pg/mLLoZ UEY 70% o142 T4a&

S X Ov(Fig. 4B, 5B), IL-1B2] 74 $(Fig. 6B), LPS T g Al

50.14+3.47 pg/mL® EH|FS HAO U, 50 ug/mLe #== A2 A

50% o]4e ZAES How, 100 pyg/mLe T2 Ag A 76%<]

HFAaES B 95 2345 7S Fdsdnh

Autr oz FA7] 94F WgolA TNF-a 2 IL-1BE 43 288 &
S7tele Ao ®2 ¢4dA =t (Mathiak et al, 2000), &

EtE FEFELS LPSA 93 f=

13ttt o]E ZuHlH FEE9 RAW 2647 AlXol| Tid Fd= &
7 Aol TNF-ao &EulFe] &5 H7l v5 & s
— 88 —
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Rom, olo] wet IL-139] EHlF =3 HAAZ Adel {FAEY S
™ (Lee, 2011), &Y EA F=&2 o= IL-6, TNF-a 2 IL-18
5o A axE Hol A3} FASHATHHwang et al., 2011).

ool Atz FmA gl FAMNF dvE FEE HYe IL-6,

TNF-a % IL-1B cytokine® &E#Z <l &M AAEIAE 7HAH, o]
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(A)

400
a
_
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Fig. 4. Inhibitory effects of Sargassum fulvellum ethanol extract (A)
and tuna heart ethanol extract (B) on production of IL-6 in RAW
264.7 cells.

“"Means with different superscripts are significantly different

(p<0.05).
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(A)

2000
a
g
1500 - b
—~ T
-g c
E T
u§_5 1000
3 d
500 - e
f
g ﬁ
0
LPS + + + + + +
Sample - 01 1 10 50 100 (pg/mL)
(B)
2000
1500 3 2
7 b
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E 1000 - g
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Sample - - 0.1 1 10 50 100 (ng/mlL)

Fig. 5. Inhibitory effects of Sargassum fulvellum ethanol extract (A)
and tuna heart ethanol extract (B) on production of TNF-a in
RAW 264.7 cells.

“"Means with different superscripts are significantly different

(p<0.05).
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(A)
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Fig. 6. Inhibitory effects of Sargassum fulvellum ethanol extract (A)
and tuna heart ethanol extract (B) on production of IL-13 in RAW
264.7 cells.

“*Means with different superscripts are significantly different

(p<0.05).
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1-4. iNOS, COX-2 5! NF-xB &¢d <] &3

AHkA 02 mammalian celloll= type I, O, M4 37}A iso-form]
NOS7} &A38t™  type I (nNOS, neuronal NOS)¢} type I(eNOS,
endothelial NOS)= AZWlA ALHHo=  EA7]  wZol
cNOS(constitutive NOS)Z & 75, type I <?! iNOS(inducible NOS)
© LPS, cytokine®} 2 54 ASAAte] =& Aot 2HdHG.
nNOSH eNOSet= & iNOS+= LPSY interferon-y(IFN-y) 52 T
I A AT Y3ANE A, o] HEIAHE, Aol E,

s gAAE So AMEA FHHIL e NOE A4

A el AAEA B HE 5o QWSS ZANAF FA )
A TS FXFOEHN ASHES S U ASAI I HKim et
al., 2002b; Tezuka et al., 2001; Yun et al., 1996).

=2 2 COX+E Arachidonic acidE prostaglandins(PGs) 2. & %1 A

N

|5 E4EH COX-13 COX-22 EFHth. COX-12 AF4AEd Ay
of BE M=o EAEHEA daw A, Y Rs, AF J)E
o AGAJ] AA s FEE FA Jlse sHAT, COX-2&
34 9% W8olA LPS ¥ cytokine Soll 23 AFHEY ZAAN=E

oA FEH dAF w7/l EZQ prostaglandinsgE A5t 55 2
|

A

Jo

SHHS S 3tk (Duerksen-Hughes et al, 1992; Hume and

Wells, 2007; Lin et al., 2005; Kang et al., 2013). @&}A] Z}& COX-2
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AHAZ HEH 29 AFAZ ol§HT gom, ol me AFA
4o A8F 93] NOS PGEl #=d B4L A 93

1
up-stream TA] INOS ¥ COX-29] TS A= Aol 583 &

ok

x2 AdAHIT dth(Hseu et al, 2005, Camacho-Barquero et al.,
2007).

o] g INOS ¥ COX-2 &L up-stream TAS] HAARIAS] NF-kB
o] ZAsle] o FEH=E, ©lE NF-kB= ©dE cytokine,
chemokine, growth factor® A4S ZAste AARIAE(Ghosh &
Hayden, 2008), p503 p659] o|FA = FA=E™ A dejdlA = 1kB
of Ao = EFAGS B2 EA Y, LPS 59 Aol o) Al

FHE  toll-like  receptor 4/myeloid differentiation primary

ke

response gene 88 (TLR4/MyD88) HAE=E &3l ZA3 ¥ inhibitor
kappa B kinase (Ixk)oll &lall IkBele] ZAglo] BAAHA 3 WR=E
E0]7} iNOS, COX-2 ¥ 5 #d cytokineS FAS F=3ts HAF
AApe] Ao k= Aoz dHA AtH(Majdalawieh & Ro, 2010). =
A dSEESoA BEH= &4 F INOS, COX-2, NF-kBs} 22 o

Be Sdstel ez Ty 2o ofm WEA A

2o Wik 7)Zhe dotrR7] fsle FEEe FERE AT

housekeeping gene?l B-acting Z=43}A T Negative controlol A&

zb e wErE A FEEA Fgkey, LIPS AHE T positive
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ol
o|N

controlol| A Tl WHo| FAT 7behs gl son, FE AR
Nee FEE A 93] iNOS, COX-2 ¥ NF-kB2 @3 Fo] %
oEzHo B 7AFS FUsATHFig. 7A-C). 53] 100 ug/mLe F%
2 A Al A2 87%, 65% H 50%2] A EHE /1A ERIstA
ole} T AFAZE, Jin 5(2010)2 v} FEEo U
(2007a)2] B AFUF-ol A #E] g poncirin ¥ Kim 5 (2008b)2
ol A &2 3 isoliquiritigenin®] FHF B g AFAAE ZF A

o
re
-
S
7
=

of

o
)
5 B
ACH

59 7ol 93 iNOS, COX-2 ¥ NF-xBe #do] 7% oJ&EFo=

AAH= BEsH, o]E T8 ddF &3 E VIRt Rasiid.

COX-2 ¥ NF-xBe| HdPFo| FE5= 75 SR
3t9e™, 100 pg/mLe 2 Ha] Al ZhZbe) B o)
38%, 61%, 60% AT SAstA. FA A7 &
He Ede & P oA FRA 7T AL
HZ o] AFAEe] T AR E 7HA = peptideol] el F53}
3 ok Lin 5(2010)-2 M $ 2 peptide7} NE-kB AL # 3| 5]
TNF-a EHE JAZTn 2usgeh FA% A32 Park %5(2004)2
melittin®] LPS f% 9% HESol A, IkBe &4 Ao 3+ NF-kB
subunite] 3 UZe] o|F3} DNA ZF S Aslste] iNOS,
COX-2, cytosolic phospholipase A, @& W& PGE, NOY A4
S ZaNA FdF 232 AP Rausgo £33 Ahn 5(2015)
S Ao JhEA =] @ido] JheEEAFES] tripeptide’t iNOS,
COX-2, NO ¥ PGE2& A8k, 1L-6, TNF-q, IL-18 A4+ A 3|3}
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Fig. 7. Inhibitory effects of Sargassum fulvellum ethanol extract
(SFEE) on the protein expression of iNOS (A), COX-2 (B), and
NF-xB (C) in RAW 264.7 cells. The levels of iNOS and COX-2 in
the cytosolic protein and the p65 subunit of NF-xB in nuclear

protein were determined by a western blot analysis.
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LPS (1 pg/mL) i + 4 4 K =
THEE (ug/mL) 0.1 1 10 50 100
iNOS - -
COX-2 — — v c— - -
NF-kB p65 - _—L-— e -
[3-actin T R
A B C

COX-2/B-actin

L0

IPS + + +
Sanle - - 01 1 10 5 100 (mgmi)

NF-xB/B-actin

08

o
>

13
i

o
)

H

PS +
Sanole -

il

+ +
a0 100 (ua/ml

o
o

H

al1.

1

+ +
5 100 (ngml

Fig. 8. Inhibitory effects of tuna heart ethanol extract (THEE) on

the protein expression of iNOS (A), COX-2 (B), and NF-«B (C) in

RAW 264.7 cells. The levels of iNOS and COX-2 in the cytosolic

protein and the p65 subunit of NF-kB in nuclear protein were

determined by a western blot analysis.
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1-5. MAPKs ¢3@ A &3}

A ZAA LPSe] A=ol 2ol dojy= AT AERA=
TLR4/MyD88/NF-kB 7dE o]2o|% mitogen activated protein
kinases (MAPKs) Z7} th LPS Aol 23 MAPKse] <l4tste=
319 9] activator protein-1 (AP-1), cAMP responsive element binding
protein, activating transcription factor-2, NF-xB&} 22 HA} 1A}
serine B! threonine 7] QIHstE AlA FASA 7= A4 Az A
2 EAE, ZRFIAAE FE= cJun NHi-terminal kinase (JNK),
extracellular signal regulated kinase (ERK), p38 protein kinase (p38)
o] &#A Ut}(Johnson & Lapadat, 2002; Dong & Davis, 2002).
RN g FAMG e FE2=9 FAS AE°] MAP kinases

2 z
o BHgol U AF HAs] 9istel LPSE AF wsL

B

=3 RAW 2647 A xol] F=&5S A28t JNK, ERK, p3829] <l
3} d=E Western blot analysisE &35t sttt 71 23, F=

AL A ¥E FE2E9 A $(Fig. 9A-C), p38, ERK H JNK2| 2IztstE
A

lo

FEAbE cgE FEE A7F v AEHOR JATE Il
m, 53] 100 pg/mLe s==2 g A 2zt 57%, 70%, 57%°] A
s Hds It olet AR AR, Joung & (2012)2 F
A e Ao dFR E/N BANe oA EclE £

o] 53] p-ERK®| TdS JAste] &S a3/ kil HAsky
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o2 dAHE S st e, 53] 100 ng/mLeE A& Al 22+ 30%,
43%, 43%° 4A 'S 7S FJsAn. AR 23E, Kim 5
(2015)2 LPSE 53 RAW 264.7 cell®] €5 WSOl Al tat-biliverdin
reductase A @ Aol AN W& Tt p38, INK, ERK| <I4HstE
AAet= 7128 T3 COX-2, INOS ¥ cytokine ¥ & A A T
B 313k T

Ao AdaE FTEE = o, FEAE 2 XA de§@E FEE0
LPSel ol3] dojy= MAPKse R4Hst dAE F3) 43 9=

23E A= Ae Fdsit.
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LPS (1 pg/mL) + - 5 7 i + i
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Fig. 9. Inhibitory effects of Sargassum fulvellum ethanol extract
(SFEE) on the of MAPKs in LPS-induced RAW 264.7 cells. The
levels of phospho-p38 (p-p38) (A), p-ERK (B), and p-JNK (C) were

determined by a western blot analysis.
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LPS (1 pg/mL) + - + % + 4 i
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Fig. 10. Inhibitory effects of tuna heart extract (THEE) on the
phosphorylation of MAPKs in LPS-induced RAW 264.7 cells. The
levels of phospho-p38 (p-p38) (A), p-ERK (B), and p-JNK (C) were

determined by a western blot analysis.
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(Jeong et al., 2012).
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of wet T

mast cell 5° 3 2

=i
=

o
o
E

cytokine, prostaglandins S7}& ¢

=i
=

=z
=4

Th(Park et al., 2014). wz}A]

H

23N H FA TFe F=5H

w2 A

10, 50 % 250 mg/kge] EEE 200 uL¥ AT F

2010; Hahm et al., 2008).

319t} Croton

% croton oilZE

1

o] g

B

oil®] =

2 d#HA Adth(Veras et al, 2013; Mo et al,,

2013).
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mg/kg®] FEA positive controlT-¢! prednisolone 50 mg/kg *

T vt ie W FARE E3E YEhd S #sin. ol =4

Zt A M= YESETE, croton oil2 BFS FEgE vk A

Zlo A croton oil¥he A2 A -g-ol wls] FRARE & F
m

100 mg/mLe] TE= =X
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7tA B2AES JHAE AeE BRuE HE lo v (Dogne et al, 2006;

Makins & Ballinger, 2003), WetA] FHZolle AAEZFE Y A4

HAd M2 &5 Asde] 240 2abs] JP= 3 o &

T A BF Al e 4P AA 1T Hol, FmAu I
SRR
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Fig. 11. Inhibition of Sargassum fulvellum ethanol extract (A) and

tuna heart ethanol extract (B) against croton oil-induced mouse ear

edema. ““Means with different superscript are significantly different

(p<0.05).

Collection @ pknu

_50_



Fig. 12. Photomicrograph of transverse sections of mice ears
sensitized with topical application of croton oil 5% (v/v) in
acetone (a-c¢) or vehicle acetone (d), stained with (A)
hematoxylin-eosin and (B) toluidine-blue examined under light
microscopy (magnification: 200%). Treatments(20 uL): vehicle 2%
tween 80 (a), prednisolone 0.08 mg/ear (b) and Sargassum fulvellum
ethanol extract 2 mg/ear (c). The numbers 1 and 2 indicate dermis
and epidermis, respectively and the arrow in (B) means infiltration

of mast cells.
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Fig. 13. Photomicrograph of transverse sections of mice ears
sensitized with topical application of croton o0il 5% (v/v) in
acetone (a-c) or vehicle acetone (d), stained with (A)
hematoxylin-eosin and (B) toluidine-blue examined wunder light
microscopy (magnification: 200%). Treatments(20 uL): vehicle 2%
Tween 80 (a), prednisolone 0.08 mg/ear (b) and tuna heart ethanol
extract 2 mg/ear (c).. The numbers 1 and 2 indicate dermis and
epidermis, respectively and the arrow in (B) means infiltration of

mast cells.

_52_

{¢/Collection @ pknu



in vivo A@A Frz}

)
=

A in vitro

ol

1-6. &7 54 H7}

o

5,000
5 #

_]

A
o

T

| .

427 A ol
lﬂ'

=

(2014)&

2= A
=
o

boh mhebd 715 4F AAEAY 28 7}

o
oA olAaEo] @

} A Th(Table 2). 74+ Fo

[

1,000~2,000 mg/kgely, oA 75
e}

S
| .
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=
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=
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Table 2. Mortality of mice treated orally with Sargassum fulvellum

ethanol extract and tuna heart ethanol extract

Days after treatment

0 2 4 6 8 10 12 14

Control 0o/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5

1)
weight THEE? 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5
weight THEE— 0/5  0/5 0/5-0/5 0/5 0/5 0/5 0/5
5000 ma/kgbody ~ SFEE ~ 0/5 0/5 0/5-0/6 05 0/5 0/5 05

weight THEE «#70/5 0/5 "0/5  0/5". 0/5 "0/5 0/5 0/5

1)Sczrgassum fulvellum ethanol extract.

2Tuna heart ethanol extract.
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2, FEAE dgE& FTEZEZHE Grasshopper ketoned Eg %

A

CHCl;, FtAOc, BuOH % H,OZ /9 ZEujsle] <=3}
TY& Atk BYEY FE&L AdEe FEE g}
o, H,O B8 E0] 465%2 #S B 71 &8 £4&& Uehdon,
Hex(41.3%), EtAOc(2.6%), CHCL(2.3%), BuOH(2.3%) 2.2 &<
&2 HAth 7 BE8ES s A4S H7Iskr] fsl RAW 2647
AEZE LPSE &4 A+, 24 £9&55 50 % 100 ng/mL 52
A7 st IL-6 2 TNF-a9] #9lo] vX & F3Fs AvrRgtg. 1 2
7}, IL-69] 79-(Fig. 14A), LPS ©5 A& Al 360.98+4.87 pg/mLe]
H S BER o, Hex #89E 9 CHC #8E5<S 100 pg/mLE A g
Al Z+7F 63.29+6.82, 60.54+8.78 pg/mLO.ZE 80% ©|’4e IL-6 wH| <
A 'S EHPOor, TNF-ao] 7Z-9(Fig. 14B), LPS ©= Xg A
2024.86+67.60 pg/mLe ZEHIFS BRSO, Hex B CHCL 8=

100 pg/mLE A2 A 105.14+9.67, 205.03+13.52 pg/mLe] Hu|#FH<
Ko 747y 89%, 94%<] TNF-a #¥° A E3E /1S A
Choi 5(2013a)2 2" #F2] Hex, CHCl;, MeOH2 A5 £3 ZF Hex
FE=E9 FEF EAo] 7 EoF Hex =55 G2 E silica gel
column chromatographyE %1333 2™, Yoon 5(2007)2 ZHI&E =

ZSES o83 3R F A Hex ¥ EtAOc, 3 E°] NO, iNOS ¥

'—
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(A)

. 50 g/l
350 3 100 pgmL =
300 -
E 250 -
i
2 200
N’
@
= 150 -
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N H
0 = T
PBS LPS _Hexane ~CHO,  EtOAc BuOH  Water
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2500
N 50 g/mlL
3 100 pg/imi
2000 -
£ 1500-
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N
Z 1000 -
=
0 T Iﬂ II|=| T

.

PEBS  LPS Heane CHO, FEOA BUOH Water
Fig. 14. Inhibitory effects of serial solvent fractions of Sargassum
fulvellum ethanol extracts on the production of IL-6(A) and TNF-a
(B) in RAW 264.7 cells.
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2-2, Silica gel column chromatography©l] 23t ' E A4l n-hexane

M e d9F FA4E 29 Hex @ CHCL BIE 5 $80] 71
2 953 Hex 3 ES CHCLY MeOHS &ulAZ 3sled 50:1, 20:1.
10:1, 5:19] HIE&EE =AH S 2 silica gel column chromatography € 4
AlBte] silica-TLCE ol &3t F 7719 £8=S Atk 7 E8 &9
FdHZT A4S HUIs7] Y3 RAW 2647 A& LPSE &4 Az
7 BYES 50 2 100 pg/mL =2 HIbea IL-6 2 TNF-a9
EHlo P A= FFe AHEUT. 1A IL-69] 4 -F-(Fig. 15A), LPS &
= A Al 485.01+0.97 pg/mLe] EXIHFS BIou, Ao 7MY F
S 4 2 59 o] S 100 pg/mLe F=ANA ZH7: 14.37+19.49,
4.72+585 pg/mLe] ERIFS B ZZfF 9%, 97%°] wHl AAES
BTk TNF-a9] 7-%(Fig. 15B), LPS & A& Al 2,637.43+31.86
pg/mLe] HHlZFS Ho, &Ao| 7H E& 4 EIYES AS
100 ng/mLe] FEolA 41.50+4.83 pg/mLOZE 98% ©]d9] £y JA|
&S Rtk &) $5elEE 48 2 58 BIE = £g80] 2o g
i BEYe ol &5ty te dde s
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(A)

IL-6 (pg/mL)
g

PBS LPS _ Frl

(B)

N 50 g/imL
3 100 pg/ml

Fr.ll Fr il -Fr.lV Fr.V F.M FrVI

2500 -

1500 -

TNF-o. (pg/mL)

1000 -

PBS LPS Fr.l

Fig. 15. Inhibitory effects of fractions of silica gel column
chromatography (CHCl; : MeOH = 50:1~5:1) of hexane fraction of

Sargassum fulvellum ethanol extracts on the production of IL-6(A)

N 50, gm
3 100 pgimL

Fr.ll Fr.ll Fr.IV Fr.V F.M FMI

and TNF-a(B) in RAW 264.7 cells.
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2-3. Sephadex LH-20 column chromatography (CHCl; : MeOH
1:1) o 9% £3dE &4

Silica gel column chromatographys AAIg $ FHF &Ado] 7
Holwd 49 £33 & olgsty FdT B4 78 =d<5 By 4
3 sephadex LH-20 column chromatographyE CHCl:¥ MeOH< 1:1
2 E &ME ol&ste] e/lel B3e AUtk I A3 (Fig. 16), 4,
5 611 &80l 2 A4S HYS FelstArh IL-6 u ol A (Fig.
16A), LPS ©@5 *{2] Al 373.38+14.62 pg/mLe] EH|FE Kl © W

rlo
i

al, 4 5 ¥ 6 EIF=S 100 pg/mL FEE A Al 77
49.51+12.67, 57.09+5.85, 46.75+4.87 pg/mLOZ A HIE ZF 84%
ool EHE HIYY. TNF-a2 Z$(Fig. 16B), LPS &% 2 A
2,477.66+49.25 pg/mLe] EUIFHS BRSOt 4, 5 2 6 & 100 u
g/mLe ®T== A A ZZF 31.26423.17, 21.7+21.24, 13.51+0.00
pg/mL ©2 98% ol &a¥}E BYS Itk WA IL-6 %

TNF-a ¥8 JA&ZFH7} 71 53 4, 5 9 6 ZIE ZF M £

'—
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8
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3000
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- N T 100 pgiml
:g 2000 -
g

g

E 1000

0 T T |H ll'=I=| -fE'_i'__

PBS LPS 1 2 3 4 5 6

Fig. 16. Inhibitory effects of fractions from sephadex LH-20
column chromatography (CHCl; : MeOH = 1:1) of hexane fraction
of Sargassum fulvellum ethanol extract on the production of IL-6(A)
and TNF-a(B) in RAW 264.7 cells.
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2-4, Sephadex LH-20 column chromatography (MeOH) o &3 &
8o &4

AAEE Fol7] Hsted MeOHE &"lE 3} 23} sephadex LH-20
column chromatographys st o™ TLCE o] &std EIF=S
BABAT 42 28E& o83t LPS F% RAW 2647 AlZ] tidh
IL-6 ¥ TNF-a &¥H AA&H}E gsdvt. 1 A(Fig. 17), £9=
o] H7t TE EHLOE cytokine EHIFo] dAE AL FRASAS
™, £3] 100 pg/mLe] =2 X2 Al IL-6 ¥ TNF-aE ZtZ 71.15%,
98.07% AAFES &ste] 53] TNF-ao] #H oAl gk a77} &
54 T

3R

o
ro
ol

_1 (0

o
=]
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Fig. 17. Inhibitory effects of fractions from sephadex LH-20
column chromatography (MeOH) of hexane fraction of Sargassum
fulvellum ethanol extract on the production of IL-6(A) and TNF-a
(B) in RAW 2647 cells. “*Means with different superscripts are
significantly different (p<0.05).
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2-5. HPLC &4 93 A Al
s 23 =49 &£y 2 ABAE 9l 2z sephadex LH-20
column chromatographyel &3] &el®¥ E&& preparative
HPLC(ODS column 10 x 150 mm, 25% MeOH, 3 mL/min) &4
ZPstAtt. 1 A3 (Fig. 18), wavelength 254 nmollA YERYE=
retention time 12 min®l peak”’} YEFY 12 min ool Yet= 2

< peakE< ¥A fraction 1, 12 min® PeakE fraction 2, 12 min©]

9] 22 peakE<= fraction 322 |33 S, fraction 1 ¥ 39
Aol EAE] @2 Al AEdS Fsdth 8 ¥ fraction

298] AAE BFE 93t preparative HPLCE 133} 01, Fig.
199} #Zo] E Fdo| 4 Y Td=dds AT oA

CMB-28} 1 == st
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Fig. 18. HPLC chromatogram of a fraction of sephadex LH-20

column chromatography (MeOH).
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Fig. 19. HPLC chromatogram of fraction 2(CMB-2).
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2-6. Grasshopper ketone®| #73 +x 9 EAF
2-6-1. NMR spectrum +4

FEA e FEE25EH GAd =20 CMB-29 dtetrx
S syl Ss 'H N

NMR Spectrum< =438 A3} (Fig. 20), 582 (1H, s) ppmollA g 7|

MR, “C NMR Spectrum< =43ttt 'H

9] olefinic proton, 420 (1H, m) ppmolAl 3 7§19 oxygenated
methine proton, 2.19/1.38, 1.92/1.33 ppmolAl F 709 methylene
proton, 2.18, 1.37 (x 2), 1.14 ppm®lA 4l 70 2] methyl protono] 32t
Hth ®C NMR Spectrum< =43 2 3Fig. 21), % 13719 ¥ =7}
#AZ =AY S 2115 ppmolA allene carbon, 200.8 ppmolA]
carbonyl carbon, 119.9 ppmol A sp® quaternary carbon, 101.1 ppmoel
A sp” methine carbon, 724 ppmolA]l sp’ oxygenated quaternary
carbon, 644 ppmoll4 sp’ oxygenated methine carbon, 49.9, 49.7
ppmoll A ¥ 71¢] methylene carbon, 37.0 ppmolAl sp’ quaternary
carbon, 32.3, 30.8, 29.3, 26.5 ppmo°l|l A Yl 7}¢ methyl carbon°o] 2

= Aot
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Fig. 20. 'H-NMR spectra of the purified bioactive compounds

(grasshopper ketone) from Sargassum fulvellum ethanol extract

_67_

Collection @ pknu



ﬂﬂj‘l‘l.ﬂ .‘4:|H!|.D 1‘!3-!3 ISI:I.D IT(I(I lﬁfl.ﬂ 1'<(|.l] ].-IEI.D lmﬂ 1 D llﬂﬂ Tﬂ 'r]ﬂ ‘hl)l.o “X -IOI.D“‘I )‘fl]:ll\ :{II.D
= f] = = % FEI IEEGI
54 3 g 9 B )\ D=% ERE=G
= 2 = §F |\ $3% sosad

Fig. 21. "C-NMR spectra of the purified bioactive compound.

_68_

Collection @ pknu



2-6-2. COSY, HMQC spectrum ¥ HMBC spectrum 4]

Spectral  assignment~=  COSY, HMQC(Heteronuclear —multiple
quantum  correlation), = HMBC(Heteronuclear = multiple = bond
correlation) spectrum #41-& &3] 213ttt 'H-'H COSY spectrum
A AI(Fig. 22A), 1.92/1.33 ppm®| methylene proton¥ 420 ppm
°] oxygenated methine proton AFo]olA] cross-peak®] ¥ZHE <AL
420 ppm® Oxygenated methine proton¥® 219/1.38 ppm]
methylene proton AFo]oA] cross-peake] #ZE It} o] we} Fig.
22Be} #& HE Fx2E g3ttt HMQC(Heteronuclear multiple

quantum correlation) Spectrume 483 AI(Fig. 23A), EE

P

A<

proton-bearing  carbon('Jer)S  TFHEE  F ASUTh

I
b

o
ok

HMBC(Heteronuclear multiple bond correlation) spectrum= =
A3} (Fig. 23B), 5.82 ppm®| olefinic methine proton2 =FEl 2115,
200.8, 119.9 ppm&] carbon®ll, 218 ppm®| methyl proton® Z5F-E
200.8 ppm&| carbonyl carbon®| Long-range correlation®] ¥%Z%= At
=3 137 ppm& Methyl protonS=FE| 1199, 724, 49.7 ppmY
carbon®l, 1.14, 1.37 ppm®& methyl proton2EFE 119.9, 49.9, 37.0
ppme]| carbondl long-range correlation®] &&= Ut o] AFHYZH

o

Bl & 31352 grasshopper ketone (= icariside Bl aglycon)d-& &%
3T °]+= Ren 5(2013)7 Otsuka 5(2003)°] EI1gk Grasshopper
ketone®] proton, carbon chemical shifte} A &3] X3S F<UsHA
o). Fig. 22Bol|l 3}§E&E grasshopper ketone®| 3}&+% Y proton,
carbon NMR peak®| #&<= UEfHlon FEA Jets FEE5=2
B &¢¥ Grasshopper ketone®| #HF &A%+ Fig. 243 Z o}

0
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(A)

(B)

Fig. 22. COSY (correlation spectroscopy) spectra (A) and partial
structure (B) of the purified bioactive compound (grasshopper

ketone) from Sargassum fulvellum ethanol extract.
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Fig. 23. HMQC (Heteronuclear multiple quantum correlation) (A)
and HMBC (Heteronuclear multiple bond correlation) (B) spectra
of the purified bioactive compound (grasshopper ketone) from

Sargassum fulvellum ethanol extract.
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Fig. 24. Chemical structure of the purified bioactive compound

(grasshopper ketone) from Sargassum fulvellum ethanol extract.
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2-6-3. Mass spectrum 4]

NMR £% 2427 d& 3572 FQls At mass £4
= AABAT ESI-Mass spectrum= =43 43 (Fig. 25), m/z 225.0
ol A [M+H]" peak’} #Z o] Aol 224(CisHyuOs) Dad e &

AL, o= NMR &FE40 ojste] 2A=d slstrx9 H&3] <o
Aghs FAs AT
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Fig. 25. ESI-mass spectrum of grasshopper ketone.

_74_

Collection @ pknu



3. Grasshopper ketone?| &3 34

3-1. Al F4 A

HEA e FE=25EH 83 grasshopper ketone®| TH2]A]
Zo gt MEZEFAZES SASH] st MIT assays AAISHA T
grasshopper ketoneg F=%(0.1, 1, 10, 50, 100 nug/mL)E A 2]3}
Hj &gk A (Fig. 26), AlEZ F4 FoAA EE H7FsEA negative

controlst €29l FFold HolA ol ALZAHL A Bt AL

st
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Proliferation index

0
Sample - 0.1 1 10 50 100 (ng/ml)

Fig. 26. Effect of grasshopper ketone on the proliferation of
RAW 264.7 cells. Proliferation index = (sample O.D/control
0.D)*100. ""Means not significantly different (p<0.05).
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3-2. Nitric oxides A4 A &3}
A e 2ZEZXHE 2 grasshopper ketone®| IF9EZF

3

i

o

dotR7] fa] LPSE AF<= F53F RAW 2647 A2 NO

H

—_—

AALEdS SHsA . I A (Fig. 27), LPS A8 & 3HA &2
) ZFolA] 1.16+0.71 tML.2 }& Eu|gFs HPor} LPS Az Al
18.12+050 UMO.Z NO ®u|7} ZFAsA =r713e golsigon,

Ao

grasshopper ketoneol] &3l 7} #% oEHOoZ A3 Fags &
A3tAF T E3] 100 ug/mLe F=2 A Al 0.96+0.14 uM2] NO +#
H|E X controld A2l zol7l 9= HAEE NO EBH|E A
= FstA . 100 ug/mLe] grasshopper ketone> ¢F 224 pM(M.W.
24w Yyl o glow, olF  ZXVMA  EAWK(Sargassum
micracanthum) | A 2] 3 sargachromenol= 100 uMe] F=& A 3}
Fe @ 61.6%°] NO JAEZHAE HSl AI(Yang et al, 2013b)} H]

wal & w, FEARA Z2| 3 grasshopper ketoneo] ThE AZXFE
B 223 Fds aH=d v FE sRAAE dAG] =2 &
TsEAE 7HE e A AT
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Fig. 27. Inhibitory effects of grasshopper ketone on production of
nitric oxides in RAW 264.7 cells.

“®Means with ~different superscripts are significantly different
(p<0.05).
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3-3. ¥% #H cytokines ¥4 A &

2 AFA Z8d FES FE=E< grasshopper ketone allen
71E ste A8 A carotenoidd] YFOE, A Xt W
71(Romalea microptera) | A s &8 SAHEHJUSH, TE allenic
carotenoidE AH3AS W tirAtE= AAHE 242 48A AT
(Hoffman-Roder & Krause, 2004). ©]2]3t grasshopper ketone®| AJ¢]
GPoEE B B FTF F St Awaakamaiol A o] =<9 B}
a%E UEh ™ (Kato-Noguchi et al., 2012), & WE-E& FEEA]
HeHol olEy XNgadxs JHAe Zoez Hid #H d(Park,
2010). ol9lel= AA(Ahn, 2013), Aglaia silvestris®] Fu] % 7}A
(Hwang et al., 2004), *8°}(Chenopodium album)(DellaGreca et al.,

2004), AA YU+ (Edgeworthia chrysantha)(Hashimoto et al., 1991)°l &

S50 9= Aoz AdHA Qom AT o ARBiAE= A

ZE ARk A B2l H grasshopper ketone?] &35 Aol tisll Lo}
B7] Y8 dFwrsol Fo mAAE ZFeslE cytokined EHo T
3 JAa9E A HEqtth [L-6, TNF-a % IL-139 EH| &S

Ay
o
ok

A

Lo

A3} (Fig. 28-30), grasshopper ketone?] A7 F& & o= Z]
cytokine®] &¥|7} oA o g2 AAHES sttt 53] IL-69 35
50 pg/mL (112 pM)e] FEoll A oF 90%°] A EFEZ Hgow, 100
ug/mLe FEE A2 Al negative controld} 231 zto]E EHolA
XSS Fosdrt. =3 TNF-a} IL-182 A% 100 pg/mL (22.4
M) =2 Az Al 4 F 97%, 78%2 JA EFE BHIS FQl

N

u
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ST

FEA w37t A 2 deFe] dFQ #Hujr]  2ANK(Sargassum
siliguastrum) 2.2 F-E #83F fucoxanthin F+EA4¢ -5, 60 ytME A
2] Al IL-6 B! TNF-a®| &£HE 42 37.9%, 42.06% <A A 3}(Heo

et al, 2012)E w|Fo] Eo}, grasshopper ketone¢] uj-¢- 53 &
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+
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0o
»
Fig. 28. Inhibitory effects of grasshopper ketone on production of
IL-6 in RAW 264.7 cells.

““Means with different superscripts are significantly different

(p<0.05).
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—~ 2000
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f = e
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Fig. 29. Inhibitory effects of grasshopper ketone on production of
TNF-a in RAW 264.7 cells.
“"Means with different superscripts are significantly  different

(p<0.05).
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—g

IL-1B (pg/mlL)
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de
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e |
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L
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Sample - - 0.1 1 10 50 100 (ng/mlL)

Fig. 30. Inhibitory effects of grasshopper ketone on production of
IL-13 in RAW 264.7 cells.
“*Means with ~different superscripts are significantly different

(p<0.05).
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34. iNOS, COX-2 ¥ NF-kB 9#| &3}
HRARE S FEEolA Ee3} grasshopper ketoneo] oj#
B2E YEEAE oty 93t iNOS,
COX-2 ¥ NF-xBol|l thdt JAaxE AuuEgity. 1 23, RAW
264.7 cell A/ZZ Ul2] iNOS 2 COX-2 @& TdS 100 pug/mL
ol =2 A A control7+ol| HISH 2+ 60% Z 58%2] A &3}
2 R2YS #9ETH(Fig. 31A, B). T3 RAW 2647 cello] 3 U
NF-kB/p652] ©@#d T3S AHE A3 100 pg/mLY TEZ A
g Al oF 69%°] A EHE HAS FJstAt(Fig. 30C). FARRE
A3%=2  Yang 5 (2013a)2 S.  muticum®l| Al =gk
apo-9'-fucoxanthinone®] NF-xB &4 35 JAFe =4 INOS %
COX-2¢ ©¥id Be o AAsty &5 a34E 7t Hilst
Atk 2 234E T3 CGKIF 95 A& F
g NF-xB 43} 7|22 AT 2H <

COX-20] WAL HAaAA BH%E EAE 7HAE AL FAs A

LR/MyD88 H=E &

OIN —J

4 cytokine ¥ iNOS,
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LPS (1 pg/mL)
Grasshopper
ketone (jug/mL) - - 0.1 1 10 50 100

+ = + + + + +

NOS N .-

o2 il LS N -

NF-KB - — — —

B-actin P —

A.z B-.z C 12
iINOS COX-2 NF-xB
1] p— 1] p— - T p—
a8 _ o8 LY
£ g g
:‘l Q g 08 -L‘g 08
) o~
g 5 2
= oa S5 Z 04
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LIPS - R R . % . Fs + i 5 N N v + IFS Yy E i + v N N
Sapke - = 01 1 0 80 00 (ugmi) Sanpie & of 1 0 50 00 {ogml) Sanpe - p) 01 1 0 50 00 {ugiml)

Fig. 31. Inhibitory effects of grasshopper ketone on the protein
expression of iNOS (A), COX-2 (B), and NF-kB (C) in RAW 264.7
cells. The levels of iNOS and COX-2 in the cytosolic protein and
the p65 subunit of NF-xB in nuclear protein were determined by

a western blot analysis.
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3-5. MAPKs A &3}

MAPKsS] <l4ksle] wiX& Z3E dolrr] 93le, LPSE F =

g RAW 264.7 cell®] €% ¥HEolA p-p38, p-ERK % p-JNK T

2ol BHE western blotS Ea Lolrsith 1 AI(Fig. 32A-C),

Fzhe] ©ald g LPSTH X 21& control7oll WISk 50%, 60%, 46%
AANEHAE 7HHS A £ A7 T AAE, Heo

5(2014)>  Sargassum sp.2] LFR S, siliquastrumol A el

N

(]

sargachromanol D7} LPS % €% ®WrgolA NF-kB¢ JNK, ERK
o] diEE AAdG o= Fd BHE VR Husiglen, &
gt Lee 5(2013)2 S. siliquastrumol| 4] &2} sargachromanol E7}
EKR % JNK¢| phosphorylations @*3] At S, p38el T
M= & aFE HolA Fertal Husla. webA S fulvellum
2HE F2l¥ grasshopper ketone< Fig. 33¢] YEHH nvE9} 2Eo|
NF-kB 3 MAPKs °]& HA AE2E Alsto 3 Fd95 &3

el st att.

= 7Hd

o
o

_86_

Collection @ pknu



LPS (1 pg/mL)

+ = + + + + +
Grasshopper
ketone (ug/mL) 5 - 0.1 1 10 50 100
p'p38 —— S—— ——. ——
p-ERK —— G ——
| — —— ——
p-JNK P e — | — —
[3—act\“n —— e NS YEEES SN WSS ——
sz B 12 c 12
-p38 = s
ol o PrE ol p-ERK Wl B p-JNK
o [ ] _ 8 _ s
:%%a gﬂne én
04 04 04
0z H 02 H az
% + |'_| ¥ * * + - e |-_| + + + g |_—| +
Snpe - - a1 1 10 @ 0 (g Ei;LPrSrplE ; 5 01 1 0 i) 10 (g S;LF:DE - 3 a1 1 10 @ 00 (g

Fig. 32. Inhibitory effects of grasshopper ketone on the of MAPKs
in LPS-induced RAW 264.7 cells. The levels of phospho-p38
(p-p38) (A), p-ERK (B), and p-JNK (C) were determined by a

western blot analysis.
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AN

TRIF MyD388 TRAF6

v /
Syk/Src IRAK1/4 — TAK1
/ MKKSs
v N
NF-«xB ERK p38 JNK
Nucleus \ ZL

,X/ \){ ]
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X \ A
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Fig. 33. Schematic diagram of a potential inhibitory pathway used
by Sargassum fulvellum ethanol extract, tuna heart ethanol extract,
and grasshopper ketone during the LPS-induced inflammatory
response in RAW 264.7 cells.
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1-3. Pro-inflammatory cytokine £4]3F

g Froll A IL-6, TNF-a

Collection @ pknu



i oF

0]

Al

A g

T2

H A

=

=

)l

K

25 100 pg/mLé

g =2
A

Al

I 70% <13 A
100 pg/mLE 2] Al iNOS &&-< control7-ol| H

0]

o 7%,

I8

=}
ol

]_

cytokine®l T

1-4. iNOS, COX-2 ¥ NF-«xB 3%
ng/mLE A A COX-2 ¥ NF-xB Tz
NF-kB Hd-& JAIFo=Z4 iNOSLF COX-2
1-5. MAP Kinases 3

A

o 7%, 100 ng/mLE 2 Al JNK, ERK

22

p38¢] A7}A] kinase®] U4Hs)

)

L
=

!

1

9
yal

o A
T T

o
-+

sk o

S

50% ©l& <A

=

=

BAT.

=
=

=

N

)

!
e

p—

)

Aayds AHE A3t croton oil AT+

_90_

Collection @ pknu



R
El
>
Jo
1o
iy
o
fru
e}
i
ofN
o
12
N
it
o
ot
r o
ol
82
o
e
4
>
Enl
td
4

m
g AERt e FARYT EF 2HBFIAE Fw) 2 2

=]
3 FAE EFFom AA Y, AZH 29 mast cell FHo] A

1-7. &7 54 H7}
Aoz 9 FXAA s FEE ATEAHES Lolry] s,

vh3 2 ol dte] 27 W] SAWAE GG 1 Ast, F A

Hex, CHCl;, EtAOc, BuOH, H,OS &WAIZ st AlE £33 doj
Zyzrol FAFEdes S-S 43, Hex #50°] 100 ug/mL %9

IL-6 @ TNF-a°l] thal]l 80% o]’de] EHl JA&HE RAT.

2

2-2. Silica gel column chromatography

2 F9F 24 S B Hex #8<S o] &3t silica gel column
chromatography (CHCl; : MeOH = 50:1, 20:1. 10:1, 5:1)& A A|3}R L
M, 44 o] ¢ adE BT
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2-3. Sephadex LH-20 column chromatography

53 95 A E B silica gel column chromatography ] 4%
3 & ©]83t sephadex LH-20 column chromatography (CHCl; :
MeOH = 1.1)& AAst IL-6 2 TNF-a JAEH}E SAH3H o,
T2 833E HQ 58 #8E& o] 83t sephadex LH-20 column
chromatography(MeOH)E 13] © AAlste] AAHd &85 do &4
T &94& SAsFom, E3] TNF-adl thsl 98% o]/de] mj-§ -3

3t

2-4. HPLC
daz a9 =49 &7 AAE 98 HPLC analysisE st
A~

™, retention time 12min®| peak (fraction 2)& 2]l &F &

AAE @Y EF CMB2E F53h

2-5. NMR % ESI-MS
e AAE ddsaH} =4 FxE4S fIsh NMR 3! ESI-MSE
2 A5t 2.1, grasshopper ketone$d-S 82133 T

3. EARo 2 HE R g Grasshopper ketoned] IFHF &4

3-1. Al =4

Grasshopper ketone< F%=% (0.1, 1, 10, 50, 100 pg/mL)= ] A
RAW 2647 ME9 Az F4] o 9F= FA &= AS It

AT

o
v

AEZZ4e 7HAA Es<

ol
i
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3-2. Nitric oxide Ay &

Grasshopper ketone #H7Fsx7} Z71g ol whel NOEHI o] F2F
o8 Z4%E FdstRoem, 53] 100 ug/mLY == H7F Al 90%
STt

011
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3-3. Pro-inflammatory cytokine £4] %
LPSZ dSHHSE FE3 RAW 2647 A3 IL-6, TNF-a ¥ IL-13

HlE g o AAsty FdsanTt daes FASA

e

3-4. iNOS, COX-2 ¥ NF«xB 3%

Grasshopper ketone®] A% HHE-9] signalol| WA= IS A3 R
A HARIAR] NF-kB 8 454 &% iNOS, COX-2°0 gk &3}
€ A& 23, 100 pg/mLe= Ag Al ZGZpe] thsle] control ThHH

69%, 60%, 58%° AA &= 7HH <= st

3-5. MAP Kinases 43 %

NF-xB 2]& ZHZ o]9]o] MAPKs signalell g oA &35 AnE
A3, p38, ERK ¥ JNK¢ <QI4+stE 100 ug/mLeE # & Al, control
of wlsted 24z} 50%, 60%, 46%°] 3 A EHE HAS Fls
At

-

o]l Aol wet B AFeMs FEAbEE 5l

2.1_{1
o
X
=2
n
o
4y
i
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£°| LPSE X% in vitro type F% WHEEd oA NF-xB ¥ MAP

kinase @43 HAEE A, INOS ¥ COX-2¢9] Td NO ¥

T IR odes FESEZHE FHSEI =49l grasshopper

i}

ketone< AAStH oW EE]H grasshopper ketone®] A EZ =S 712

A
52
lo
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