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<Abstract>

The Inhibitory Effects of Brown algae Extracts
Derived from the Coast of Jeju Island on

Amyloid B Protein—Induced Toxicity in Neuronal cell

Eun-Hye Han

Department of Nutrition Education, Graduate School of Education,
Cheju National University
Jeju, Korea

Supervised by Professor Dong-Bum Shin

Ten kinds of methanol extract of brown algae derived from the coast of
Jeju island were conducted to test the antioxidant activity as well as the
activity to reduce the toxicity to the neuronal cell HT-22 induced by amyloid
beta protein(AR).

Ecklonia cave and Ishige okamurai among ten kinds of brown algae
showed outstanding DPPH radical scavenging antioxidant activity. MTT
assay showed that brown algae extracts had the ability to reduce the toxicity
to the neuronal cell caused by AB compared to the control. When the brow
algae extracts were added to the cell line 25 pg/mL, it showed the higher cell
survival rate in order of Petalonia binghamiae, Myelophycus simplex,
Colpomenia sinuosa and Sargassum hemiphyllum. When added 50 pg/mlL, it
showed the higher cell survival rate in order of Sargassum confusum,
Petalonia binghamiae, Colpomenia sinuosa and Sargassum hemiphyllum

According to the result of protein expression patterns relating to the death
of the neuronal cell caused by AR when treated brown algae extracts, the

expression of APP, the precursor protein of AQB, did not decrease, however



the expression of BACE], the degradation enzyme of A, decreased. The
expression of iINOS induced by inflammatory reaction decreased as well. The
experiment of protein expression patterns of molecular components of MAP
kinase showed the most inhibitory effect of ERK by Sargassum hemiphyllum,
JNK by Colpomenia sinuosa and p38 by Myelophycus simplex.

In these results, brown algae extracts showed high antioxidant activity, and
they had the activity to reduce the toxicity of neuronal cell induced by AR in
the Alzheimer’s disease. Therefore it is considered that brown algae lived on
the coast of Jeju island will be the useful biological materials that have the
activity to protect neuronal cell, the anti-Alzheimer’s disease activity and the
anti-inflammatory activity, and also they give the useful basic informations to

develop the functional food and medicinal materials.

Key word : brown algae, Alzheimer’s disease, amyloid beta protein(AB), APP,
BACE], iNOS, MAP kinase
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4 o & (neurofibrilary
tangles) & 5 T Utk olF =k AAE ofdRol= HA @A
(amyloid precursor protein; APP)2] &3]3 A el ol dZol= wE}
Z (amyloid B-protein; AB)2] =2 o] <fslH A

=
Agate] AAMES] AFuge] FAH L AT NAME
=

A MEe &S S Jogja dF W Al AEUY] 27t e Aoz &
7 INOS9 odS F7FA It 283 INOSe @ o2 free radical?] dE<]
NOZF thef AgH I NOe| Aol ejs] AEAE A= AACL MAP kinase
pathway7} 25 == Aoz ey gl

£ B A7dM AER ol§ HT = Apel 44 A=Zsk iINOS 183
MAP kinase pathway©ll ¢]3F AAA L] AbE HAo] thgh A AI}E QoFF

gl stlen, ARE ARgE 2R W 7€ A7 ddes 4 st

1) AZAL

|

ARAAA AlEZ= ARG oste] AlE F2o] ofFojxa AdA7IZ F¢ A

A A FoJA 7sS Fae T A EAcell death)ES P o 7=t o]&d A EA}
o = apoptosis®} necrosis® 27}4 FH 7} A5k fﬂﬂr(zg).
apoptosist= &9 WA 9 A HAHolvp WAME FoA EHaEK AE

necrosisi= 9 U2
oA FE = A MEAT & 5 At necrosis A Aldl= AXUE
extracellular ion ¥} water’} F4% o] AlES] F23F homeostasisE MEH Al

¥o 58S EA4ANZIY T A X9 plasma membrane®] w3 o] M EHo] E



skl 9l lysosomal enzymeo| AE ROl Aoz FHlETh 1 Ay

necrosis7} Aot celle] 9% ZAH L ZA3t J=ue S uky @GP,

2) ofwol= gl Wl o] g AAAE A

obml Zol= e} Bl (AR ol Zol= AT7A wulA(APP)e] A} Ao
A AREE QREo g 39~437) 9] ofwmato @ o] 7 MElo] ot}

O AB7E dxstolmme] why gloz g Aol ofURolx wWE /1A
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A ol Fo M =S oY 7HA AP FAEC oste] ¥EHoR Wols
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ABel A dmA APPE= 770709 olmmAtom A HolW HEol==
amyloidogenic pathway®} non-amyloidogenic pathwaye] + 7[A = I tiAl3
Aol APHAT}. amyloidogenic pathway< AR’} FA %= 7dZ % B-secretases}
y-secretasedti= @A B g Aol o ste] APP7} WAE+=d WA B-secretase
o <2J3 APP’} sAPPRB9} C-teminal fragment-B(CTFR)= 3% 12 CTFR7}
ThA]  y-secretaseo] 93] ABet CTFy= #3%+= =9ttt amyloidogenic
pathway 2] tHAEECl AR7F AAAE FHOoE Ao AAFAE SAE o]
AA ABAEL 43 Asitses S A7l A= ABAZY AHES 7HA
M o] Welo] Frt} non-amyloidogenic pathway™ a-secretase@} il
R gud B 47 FA 3 o] APPE EdstE Ao Z a-secretases
AB9 16~17HA Fiol 2839 sAPPa®t CTFa’} A4 =™ CTFa: ©A y
—-secretase Zk-g-of| o] & short  peptide(P3)¥  CTFy=® ) A} El T}
non-amyloidogenic pathway: ARe] dFHo] Zey7tA o] 1 A o] W
o] hAEEQ] sAPPaE AlE A4 2 B3 2§ mogthE )

ABS Ao 3= & A< B-secretaser= aspasrtic proteased] YFOF
BACEl1¥ BACE27F A HojAxar dom BACEL(B-site APP cleaving
enzyme 1)& oA}, ¥ oA o] Hw Mz AxAL} ZA AL 2
APP7} @35 = 3ty 22 XA A E Y. oA &= hippocampus, cortex,
1 ),
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cerebellumol /] 7 1H3] Zo]



3) Mitogen-activated protein kinases(MAP kinase) pathway

o

MAP kinase pathway© A3 919 A% &2 cytokine, stress &9 A=
AE7} FEANE Fto] WolEo] A x| Y AEW 7z A= A
ote] A& A EAA Ao o] FA wolEd FHE T4, w3} A4

3 7)%5S T £ A FAAE HAAD oz LA Bk

R4

ke

iﬂ
>

MAP kinase= = A ERK (the extracellular signal-activated kinases), JNK
(the c-JUN N-terminal kinase), p38 Al 72 EHFZ= & 47} vt ERK

(ERK1/2)& 4% 522 Asdde F2 gojam Axe F4 2 &l F
FA el 988 witstrh, "hH o stress kinase® EHF 5 & p3kel INKE o]& 1
2 MEF- ~EYAA Aol o8] B3 Hu FTuks AEAE 5
mj A gre] elx AkP . o] MAP kinase: HAAAE AET ABAL
Aol B AFrh A& FAd Gzato|m i theFF e Fabe] Mol A

MAP kinase?] #Ao] Z7159 1% AR7l A=%o] ¥ o] p387} ERKE &4 8
AZIHA AZ0S S §E3te] A XA} o] R A A HrhE Bz ok o) 9}

2o A3yEE Hol MAP kinase pathway7} &x=3slojmHe] = g2l AR A
Aol BE3 #AHo] AFS & 5 3l

4) Inducible Nitric Oxide Synthase(iNOS)ell €3 A X 9] A=wt$
NOE w7171 7F wl$ #& free radical® ¥ Z A oA Arxrd wEs AFAE,
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o. A= 2 ¥y

2 %% 1 mg/mL 7} A dimethylsulfoxide(DMSO)dl| 5o Al 3o AL-&3}
pras

Table 1. List of brown algae

g+ = A R A 7] A R A

Sargassum confusum (S. con) o] B A4k 2005. 03. 09 =
Colpomenia sinuosa (C. sin) =47 2005. 03. 11 Al &
Myelophycus simplex (M. sim) vF9] =4 2005. 04. 07 5=
Petalonia binghamiae (P. bin) i 2005 .04 .07 2=
Ishige sinicola (1. sin) B 2005. 04. 22 Ak
Dictyota dichotoma (D. dic) 2 Eurer 2005, 04. 26 AtE
Dictyota coriacea (D. cor) A7t aEue 20050 04. 26 AT
Sargassum hemiphyllum (S. hem) 2 0] & =}k 2005. 05. 23 Al =
Ishige okamurai (I. oka) o) 2005. 07. 19 A4
Ecklonia cava (E. cav) 4y 2005. 10. 14 217

2. M| EHHS

o ATdA e 3 Fe HT-22(hippocampal neuron cell line) AX2E AF&-3F

tt. HT-22 A*X+= 10% fetal bovine serum(FBS), 100 unit/mL

_10_



penicillin-streptomycin®] 3%  dulbecco’s modification of eagle’s
medium(DMEM) A}&3}o] 37T, 5% CO; 7oA wjdstct. Ald) uj 2
trypsin-EDTAE Alg3&lo] AEE BFAZ & 2~3Yo] 3 A A&t}

3. DPPH radical &4Hs &3

DPPH (1,1-Diphenyl-2-picrylhydrazyl) radical 27 %29 =4 Blosis9 =49

S WMEste] ALY ARFo sl A5 flavonoid 2 polyphenold &

2 Tl Wg FAkst #go] AR dHAd der, oyt EHE] free
radicals FHA7IAY FHr7]= 0] = oldd I dE SN A

E HES bE e Wiz &7 SA4S 71U & e A ellA free

radicale]l & w382 oA = HAE= o4 4 b’
%=

0.2 mM DPPHS 180 pl, 1 mg/mL %9 ZZF FEE 20 uLe 4o &%
©] 200 uLo]l = A 96 welloll =73k Fd Al 30 & ¥Hg F 517 nmelA &

FEE SAAY. dxvezs 98 48HA Ade A4 EAskA <l BHA(butyl
hydroxyanisole) S A}&3t1 oW HAApFolse vy 22 HHo=z ALY

o,

s s (%) = (1 - Al89 F3% / Blanke §35%) x 100

4. MTT Assay

Az FEE0] ofdRol= HEd o3 SAHoRmNEH MAAEY HE H A
ol M AE 9FS #HE 1 MTT (3-(4,5-Dimethylthiazol-2-y1)-2,5-
diphenyltetra-zolium bromide) assay & Al3stAth. MTT assays AlXe A5
= SAste WHewA doidde AFEe vEIZEZor Wel dehydrogenase”t
A =84 ZZe MTTol 9a dark blue formazans At Q8| & o] 3

gl

_11_



A5 e ALE FPEE FHFoRN Jolre Wyog® HT-22 AZE %
wellell 5x10'1E ®#F38te] 24 Az v & wjFAS A AsAL fetal bovine
serumo] 3 E A &2 wgAS FF3 F 200 uM o Zol= HE} Tl (A
Biaw) 1 pLot A2/ F5= 25 50 ng/mLe AHgste] 37C, 5% CO, 7]l
A st 48217 & 5 mg/mL F %2 MTT reagent 10 pL& #3519

AZE w st ASAE AAS T 100 pLe] DMSOE X 7bste] 5+ A

I

:
H

&

E[o{t
ki

incubation A7 A E blue formazans ¢A 3| Zo5F 3 540 nmol A
F 355 AT AR e HETY ME A
ABipSt ZZF FEES AY3A ¥S HT-22 Ax AE AEES 100%=

detal ofol tha] FrHAd AxE BEEE FBkSl

(i
rlo

o
=

5. Western blot

fhzol= WEl GuAARe] Dot AAMEY HHL A FEF

ke
o

o] A7 A3

= o A A2 F AeHE FES ¥olR A Western blotg
53 APP, BACElL, iNOS, MAP kinase®] @@z wutd s Ao Hgdc)
HT-22 AXE (5x100) 200 uM opdZol= wet Tl = (AR 4») 10 pLe} 25 p
g/mLe Zx7F FE55 Aeste] 37C, 5% CO; wiF7]olA vl F3tA Tt 484
7t 3 et AEE gste] PBS(phosphate buffered saline)@ 23] A& %,
500 pL ¢ lysis buffers #H7}ste] =S 7|2 43 % 10,000 rpmol A 15
w1 A et O ASds HAS ¢ dWE s 2D quant kitE o] &5}
of A=k stk 30 ug9 lysateE 12% sodium dodecyl sulfate polyacrylamaide
gelel A A719% & olgstel wuAg  Resdu. Ee® dwz

PVDF(Polyvinylidene fluoride) membrane®] 200 mA=Z 2A|ZF &<t transfer 3+

o

% 5% skim milk7} &-+% TTBS (Tris buffered saline containing 0.19 +
Tween 20)° o] 24 127+ A% blocking 171 § TTBS® 10 #3F 39
A=A sA . APP (1:5000), BACE1 (1:2000), iNOS (1:10000), ERK1/2 (1:1000),
phospho ERK1/2 (1:1000), p38 (1:1000), phospho p38(1:1000), JNK (1:1000),
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phospho JNK (1:1000) 2.2 3|43k 1x} &AE Agsto] ALolA 1A7F wkg-A|
2L % TTBSZ 103t 33 Ax3 ts 22 FAZ= HRP(Horseradish
peroxidase)’} A3%H anti-rabbit IgG¢} anti-mouse IgGE 1:5000°.%2 3] 4514
2o A 1AIZE W3- At 2 & membraned TTBSE 10%7F 33 A% 3 o}
o

5 ECL(enhanced chemiluminescence)”| &3 5~10&37F ¥H8 & X-ray Z &0l

FHATh
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m 2% 2 13

F FEEo] ofdRol= Hleg wrwlAd o3 AANE BAHS
AAst= B2 TS s 2tuZd A2A 24 (DPPH radical £27A%), AXE A

&= GFMTT assay), AFAHEZ HA47 #AdwE diide] Uy AL

N
2
=)

(Western blot)E ZA}sFA T

olr
JI)I'
0%

1. DPPH 4A

gurxo g Azl A FAkstAel BHA(butylated hydroxyanisole) 2}
BHT (butylated hydroxytoluene)< 50 mg/kg/day ©]7d A3 A AAEL L X
e Wtz Ay kS FRAIA Al H54S 7T Bawo] glo] Hd
garstA e Aol e FHm Y. B AT 2xF 1059 HEe &

23 dutdoz & 4#H A kAl BHAE dlxa+e =2 3to DPPH

radical 27%5S =AHe EYvhFig. 1). L A3 thx+ES 8368%° DPPH

D

radical 27155 HAAL Zx7F T 71 =2 245 2 A2 #AE(Eckionia

<3 A3E yeuddd. a8 2xR 5 9
(Ishige okamurai)™ 59.69%¢] 2~A%S WENA ZEfSF gEo] dA FAEsHA
24 JhsAe Jehggen Adl dA7eA 100 ppme  RAEH(Sargassum
fulvellum) "<& FZE7 1000 pg/mLe] A Zol(Sargassum thunbergii) ™ &

& ZZEo] oF 70%9 radical 2AFS KB A FAE AnE mgrP

U ZzFE 50% "7 radical 2% S YEFWA radical &A% o] <99
g sE& ZA8 He Ao] ngEAE Flo=w Bt

1>}
fucan® 78 33} & polyphenol 3HHE 3 v Eo] dakst SAS 2t 4%

~
Fo Fa ARoz odeld AT E(Hizikia fusiformis) A% H o ghe F3

o

=
< ©]&3% DPPH radical &~75 A+ 1000 png/mLA™ 85%, 100 ng/mL <
77%9) £ABE vEhle 2R BA FAAZA AT A5l s



w0 wel ZrxHol AvkRAu(Sargassum kjellmanianum) .2 5-E 22 3
58 AR A B Bovn wE g

< w=3kE MRS ofe] 7hA AW fdele] free radicalel gk Abste] of g

A Aoy oule] 2 =So] & Ao g

. =
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Fig. 1. DPPH radical scavenging activity (%) of brown algae extracts

on the concentration in the range of 1 mg/mL

S. con; Sargassum confusum
M. sim; Myelophycus simplex
1. sin; Ishige sinicola

D. cor; Dictyota coriacea

1. oka; Ishige okamurai

C. sin; Colpomenia sinuosa

P. bin; Petalonia binghamiae

D. dic; Dictyota dichotoma

S. hem; Sargassum hemiphyllum
E. cav; Ecklonia cava
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2. MTT assay

opdZol= WEl iAol Ao g ANAANE AETES SAFoEA Zx
7o HA4994 a9E A9 R okth(Table 2). vl 3 Ao ofdZol= ulel o
WAABrpE At ZdxF FE2ES 25 pg/ml AsdS oW AR WS
A oAM= 86.88%e AAAE AEES HIow w92 (Petalonia
binghamiae) | A+ 120.34%, B9 49 (Myelophycus simplex)< 116.49%, & dl 7]

e

W (Colpomenia  sinuosa)>  108.47%, &R (Sargassum — hemiphyllum)
10217% 2 ABpWS g3k o Hs] fFodoz =& MPAE YELLE B
At Lol mAuH(Sargassum  confusum)®  THEl(Ecklonia cava)E 27t
98.12%, 93.39% = AR o s Ak oo H|gte] =2 AAGME AESES HA
o FoHeAE Fdrh 1 9 dxFoAANE AEE] 80% HHor 54 I
A S b A 23 tH(Fig. 2).

Zdxw FEE< 50 pg/mL A s W ARiewe A LoAAM=

ol ake  11454%, wgHE=

ne

82.81%9 AFAET AELESL EHIx
113.02%, &7 105.77%, ZABAE-S 10253%2] WE&S 2ol AR o%
S A g Fol "l fFodoez =& NAAE AEES B UH A 659
ZxFNAE 70% vk A AEES YEbY ARl o8 54 oAl Folgt
245 YA 2 d(Fig. 3). AFHAD AF T 952 FE
of ABdl olste] frd PCI2 AEAA S 548 JAst=s &858 A+ 2%
MM = of7ld5e, sd R AT FE552 200 ng/mL7bA o] FxollA A

g0l 100~120%E HATS Fesddt?’. sz FEES gao=m

(il
o
s
oo
ol
ol

bromobenzeneo. = 1+ A4S FEe ¥ FHO in vitro AFoAE FE(Hisikia
fusiformis), BH| 7] 2 AWK Sargassum  siliquastrum), *%°](sargassum thunbergii)
FEBo] Iz A AL JAFITE AT AFrt Jenw gty
(Ecklonia cava)olX freld eckolo] Atst4 ZE# o] &F UT9-4 Al E &4
JA et Aoz yepgo™,

MTT assay A3 &Folmangt, =e7|%, nkejsd, g4, #dragieo] AR

o o3 NAAE A4S &

FP

H
X

qo2 oA 3

[

AoZ B thxTtol H
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Table 2. Inhibitory effects of methanol extract of 10 Kinds brown

algae on APB-induced toxicity in HT-22 cells

Brown algae

Cell viability (% of Control)

name 25 ng/mL 50 png/mL
Amyloid-beta 80.88+14.31 82.81+4.03
Sargassum confusum (S. con) 98.12+7.08 114.54+13.54"
Colpomenia sinuosa (C. sin) 108.47+6.93" 105.77+7.21°
Myelophycus simplex (M. sim) 116.49+9.13" 63.19+4.23
Petalonia binghamiae (P. bin) 120.34+10.49" 113.02+13.69"
Ishige sinicola (I. sin) 33.97£7.79 13.26£1.56
Dictyota dichotoma (D. dic) 75.51£5.6 32.40£7.61
Dictyota coriacea (D. cor) 52.51£4.88 22.21£4.56
Sargassum hemiphyllum (S. hem) 102.17+9.55" 102.53+7.47
Ishige okamurai (I. oka) 45.00£2.7 12.73+1.15
Ecklonia cava (E. cav) 93.39+9.88 54.02+12.65

* Mean + S.D.; The mean difference is significant at the 0.05 level
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Fig. 2. Inhibitory effects of methanol extract of brown algae at 25

ug/mL on AB-induced toxicity in HT-22 cells

S. con; Sargassum confusum C. sin; Colpomenia sinuosa

M. sim; Myelophycus simplex P. bin; Petalonia binghamiae

1. sin; Ishige sinicola D. dic; Dictyota dichotoma

D. cor; Dictyota coriacea S. hem; Sargassum hemiphyllum
1. oka;, Ishige okamurai E. cav; Ecklonia cava
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Fig. 3. Inhibitory effects of methanol extract of brown algae at 50
ug/mL on AB-induced toxicity in HT-22 cells

S. con; Sargassum confusum C. sin; Colpomenia sinuosa

M. sim; Myelophycus simplex P. bin; Petalonia binghamiae

I. sin; Ishige sinicola D. dic; Dictyota dichotoma

D. cor; Dictyota coriacea S. hem; Sargassum hemiphyllum
1. oka; Ishige okamurai E. cav;, Ecklonia cava
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3. western blot

l-H

MTT assaye &3l ofd=Zol= HlE dWMA(AR) st MAAE =54 A
g7 fFYgHer  Emdd  &Eo|mAUK(Sargassum  confusum), = 7|E
(Colpomenia  sinuosa), VFI59 (Myelophycus —simplex), V]9 2&](Petalonia
binghamiae), 22 2 A (Sargassum hemiphyllum) FZ 55 o]83to] A A A X

A gy g wE o

O
o
ftlo
ji
i)
=
2
v

dzstolmg e Welog el ABS Ho- wido] APPe APP=FH ot
2ol= HELE AAATE= oA B Ei<l BACEL(B-site APP cleaving
enzyme 1)o] @z 2d S A4y 2 A APPE tlxvto Hl§ ¢Eolx
Agrat B e Eds AYstds W =AY v dE S JEda, A
Aot AUQRANS A s wWE fxaEt e 3d S JE
THFig. 4). BACE1®] Aol gAl 744 2%

(Sanguisorbae radix) =55 7 ® SO39t SO,2= o] BACElLe ths] A 3|
32 e e, majelar He® CatechinZl 33EE BACELY ¥
A3 A JeEldTtE Ao B aE Yo e BACE assay system< ©
43 BACES &4 oA a5& A3k A3 #gtate] 495 (Ophiopogon
japonicus)®] chloroform F%%o°] BACE®] &l #Z=H3 A& S vebis A
a4l LB83190% LB831921t}h 2 A& A4S veh o,

Az A dF wbg Al FaAF o] Axe] At Folst= INOSE tiZatol

2 Kol xF FEEol AXELY 9455 F= A7I= NO9 A4 72

=
off
-

[

ki3

Lo

ot
n2

INOSE Al A7l a237F Aok A ZHCodium fragile)FZ < ©l
SNE Ay B AFoAE RAW264.7 Al X XFASHoA F &=

o|N

i
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S
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= Add A3 NO 242 dAs #AarA =
B}

Azt A8t @ Aefel w9y kAS Ay R th(Fig. 6). PCI12A oA AR A
2]2 ERKS p38< B3 iNOSe wde] Zztgtttes AxAzst ddn®
MAP kinases pathway”7} &=3lolm®e] W<l ARl HWH3sE o] Qdr=

B AT AddEse] gt

B AFor= ERKE ZZ2F FEES A3 FoA dAutxor A iy
%3, ERKIR T ERK27F vRI59 S A3t 22/ F55 AHgTolA @
& ey AdArS WYk &3 AEiQl phospho ERK:= ERKI1olA #AdxH T

ERK1, ERK2 R5FolA 71%
ZaE At o9k FAEE A Atz PC12 Al ¥EolAM ABel AEl2 ERK7F &4
3l 5 A7t benzothiazol®] =191 KHG21834¢] A e]& ERKe &A43l7F 2t
et Bt e INKe AS- &4 A A 2435 =L W 2

27 FEu A dxaddd Als dridew ve vwds B BT
< A7 S W s Ao INK7F v Fasts FAe JERT. 84
3t5]7] A p38el BEHE dxwd d2F FEEe AT o 19 FIF Ao

E Ho|x| ekAnt g3t AJEle] p382 phospho p3RolA & whzxzdel H|3| Z&
%]

2% FEES AURYe W Do gastdn m5g
3}

A AR AFAH A Trhshs e JEhAd. A@EE] ischemia
modell Al ERK €743} &+ ischemia’t ¥old 459 (ischemic core)ol A]
Ao AT FH 59 (penumbra)ell A= &4 317 ol & A Ak tE A
A3}o| A= ischemic core oA %= ERK &43}7} F71gte] Bad ®l Qi =
p387F A A M ES] AbHe] Hofdho] L# Xl AL in vitro AN A%
22l NGF AHoly #gel osf e AAQAxEAE ] p38 &3t 4l

Mol AES doFlo] My o]folt} FHte AFANE EW in vivo ¥

[

kil
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g

i

_23_



& EHo] A p38e] 9] microgliadl A &4 3t7F = p38 A& Al Ee]
S AAAE BE S-S ez Qe ARl o3 A A EA &4
3}¥l MAP kinases pathway®] A&k £x} 5 #dwxute ERK &4 A &5 g
o] 7b Wolwtal, EH7IEe JNKeO| &4 Asl, v+ d-S p3ge] &4 A &)
9o 718 438l MAP kinase pathway@] Al 7}x] Ag Ex2po] A 3 Al 24

F98 el
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(A)

APP

con S. con C. sin M. sim P. bin S. hem

(B)

7000
6000

ECON

NS. con
BC. sin
BM. sim
EP. bin
FAS. hem
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4000

intensity

3000
2000
1000 [

APP BACE1

Fig. 4. Inhibitory effects of methanol extract of brown algae on the
APP and BACE] protein level in HT-22 cells. (A) Detection of APP and
BACEl1l by Western blot analysis of HT-22 treated with AP HT-22
treated with AB14 and brown algae extracts. (B) The intensity of each

immunoreactive signal for these antibodies was analyzed using an image J

con; control S. con;, Sargassum confusum
C. sin; Colpomenia sinuosa M. sim; Myelophycus simplex
P. bin;, Petalonia binghamiae S. hem; Sargassum hemiphyllum
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(A)

- ek s

con S. con C. sin M. sim P. bin S. hem

(B)
10000
9000
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7000 | DCON
N
5 6000 F 3-09”
S 5000 - .S{n
o EIM.sim
S 4 P . bin
3000 BS.hem

2000 |

1000 | \
A

iNOS

Fig. 5. Inhibitory effects of methanol extract of brown algae on the
iNOS protein level in HT-22 cells. (A) Detection of iNOS by Western blot
analysis of HT-22 treated with ABi-4, HT-22 treated with ABi-42 and brown
algae extracts. (B) The intensity of each immunoreactive signal for these

antibodies was analyzed using an image J

con; control S. con;, Sargassum confusum
C. sin, Colpomenia sinuosa M. sim; Myelophycus simplex
P. bin, Petalonia binghamiae S. hem; Sargassum hemiphyllum
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(A)

R .

con S. con C. sin M. sim P. bin S. hem

(B)

BQON
NS.con
C.sin
E M. sim
E P. bin
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intensity

.

N

ERKI ERK2 pERKI pERKR

Fig. 6. Inhibitory effects of methanol extract of brown algae on the
ERK protein level in HT-22 cells (A) Detection of ERK by Western blot
analysis of HT-22 treated with A, HT-22 treated with APB; 4 and brown
algae extracts. (B) The intensity of each immunoreactive signal for these

antibodies was analyzed using an image ]

con; control S. con; Sargassum confusum
C. sin; Colpomenia sinuosa M. sim; Myelophycus simplex
P. bin, Petalonia binghamiae S. hem; Sargassum hemiphyllum
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(A)

_ INK1/2

con S. con C. sin M. sim P. bin S. hem

(B)

B OON
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B C. sin
B M. sim
B P. bin
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JNKI INR2 PINKT PINK2

Fig. 7. Inhibitory effects of methanol extract of brown algae on the
JNK protein level in HT-22 cells (A) Detection of JNK by Western blot
analysis of HT-22 treated with A, o HT-22 treated with APB; 4 and brown
algae extracts. (B) The intensity of each immunoreactive signal for these

antibodies was analyzed using an image ]

con; control S. con; Sargassum confusum
C. sin; Colpomenia sinuosa M. sim; Myelophycus simplex
P. bin, Petalonia binghamiae S. hem; Sargassum hemiphyllum
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Fig. 8. Inhibitory effects of methanol extract of brown algae on the p38
protein level in HT-22 cells (A) Detection of p38 by Western blot
analysis of HT-22 treated with ABi-4 HT-22 treated with ABi-42 and brown
algae extracts. (B) The intensity of each immunoreactive signal for these

antibodies was analyzed using an image ]

con; control S. con; Sargassum confusum
C. sin; Colpomenia sinuosa M. sim; Myelophycus simplex
P. bin, Petalonia binghamiae S. hem; Sargassum hemiphyllum
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