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Cytoprotective Effects of Phaeophyta Extracts from the Coast
of Jeju Island in HT-22 Mouse Neuronal Cells

Dong-Bum Shin, Eun—-Hye Han, and Sung—-Soo Park’
Dept. of Food Science and Nutrition, Jeju National University, Jeju 690-756, Korea

ABSTRACT

Marine algae have long been recognized as a health and beauty food, based on its anti-tumor, anti-in-

flammatory and anti-obesity activities. In this study, methanol extracts were prepared from 10 different phacophyta,
after which DPPH radical scavenging and cytoprotective activities of HT-22 cells against B-amyloid protein (Ap),
which has neurotoxic effects, were investigated. In DPPH experiments, Ecklonia cava and Ishige okamurai showed
strong ROS scavenging activities, whereas eight other phaecophyta including Petalonia binghamiae (P. bin) showed
weak ROS scavenging activities. To validate the cytoprotective effects of 10 different phaeophyta in AB-induced HT-22
cells, protein expression levels of APP, BACEI, iNOS, phosphorylated ERK1/2, phosphorylated p38 and phosphorylated
INK1/2 were determined along with MTT assay. In the MTT assay, P. bin showed the best effective cytoprotective
activity at a concentrations of 25 pg/mL, whereas Sargassum confusum, Colpomenia sinuosa, Myelophycus simplex,
and Sargassum hemiphyllum showed potential. Determination of protein expression levels related to AB-induced neuro-
toxicity in the five selected phaeophyta showed that P. bin inhibited BACEl and iNOS expression in AB-induced
HT-22 cells. These results indicate that the cytoprotective effects of P. bin are mediated by suppressing the pathways

involving Ap-induced ERK and p38 activation.
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2l BHA, BHTRE.t vl 4 YeERtHO). HI=
ZRE 92 farnesylacetone =4 oAE
& A&A]7]1= cholinesterase® T 714 &)
cholinesterase®} butyrylcholinesteraseE A A]A X vl
oA &37F 71 =2 AeH10).

ARk o= Aufjo = g=3slo|m X ujet Pk X
7 dlEARd, 3 Aule HEY, HEFT 5 HE T
ol 7k A LAt X ulE ek d=stolw ] X uj=
A7 Ao g o g Qlete] WA= X =914 A
u #219] 60~70%F A8 vrol7t 75 o] gl &
< Ao deA ).

o] acetyl-



Ho Hy|dd ERogE= ANAMNE & H
219k (senile plaques)® A AEZ ] A 3EA
A7 o] g (neurofibrilary tangles)E &
wolubd o] ;AL ol Zo|l= HTA| whl
Z (amyloid precursor protein; APP)2] &3] Aol #
g oldZol= WEl @A (B-amyloid protein; AR)<]
2 el ofal A% ARt A A A 5402 2851
AAMEAA FFHbgo] FX A A7 A A L] AME
S Joy|A Hrh. wheba] g=stolu o] Fa Wl AR
Az o)A 5 9dek(12-14).
d=sto|mr o] WA ARE THSS A2E &
Az o] A %307]L Aoz dejx =t AB"
AN 5L e o] 2 <3 /‘ﬂ
< dor)a, é%‘?l% Al Aol F7} 8=
INOS9] @& o] Z713tel mhep &dqkaie] 4%
34 A (nitric oxide; NO)7F 18 A= 12 NO2| AF=ol
& AEZAZ A A A2l mitogen activated protein
(MAP) kinase pathway”’} Zt&s5H & A2 43 A At
(15,16). ABE APPY Al oA AAEE 4R Eo=
A 39~437 W& ot Aito® o]FX FElo] =olth
(17). oE =™ Aslrt d=solw o] ) o]t
A ot dFd 7Hd o] ol T ofdE o= u
E} 7HA& AB7F =3t o] Wy 1o 2 283 Flolg)
= A4 FAE dste] 7 LY EE dukA o g gro}
Eo4A 5L TH(18).

ABS AT @l APP 770709] ofvlmito g A
o] A E}o] =2 amyloidogenic pathway®} non-amyloi—
dogenic pathway®] F 7FA &= 21 thatapAe] 218 €,
Amyloidogenic pathways AR’} FAEE FAE=E B-
secretase®} y-secretased}i= Tl B3 g lol 25l
APP7} JALE] =4 A B-secretasecl 23] APP7} sAPP
B9} C-terminal fragment-B(CTFR)E #3l = a2 CTFR7}
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Al y-secretasedl] 93] AR CTFy® E3lE+= F2E
AZ ). Amyloidogenic pathway2] HARAESl AR7|F 417
M S 1245101 NANE 248 oA Al ﬁxi]ﬁg]
ST ASRESS ST A AAMEY AFES 7
o} d=3lol M-S Ao 71t} Non—-amyloidogenic path-

wayt a-secretase®lal 4# ¥ @A B aivt B4 st
o] APPE 33} A2 a-secretases ARY 16~17
WA el ZH-g-ste] sAPPaet CTFa7F A4 =H, CTFa
= t}A] y-secretase F-go 9@ short peptide(P3)<}
CTFy® UAF¥It}. Non-amyloidogenic pathways= A9
JFato] U A FHol ABS] FA o] W E™ tiAME
9l sAPPa= AI¥ A% 2 Hg 288 HQIri12,13,19-21).

AR @Al HolslE T4 9 B-secretaset™ aspartic
protease®] ¥F S22 BACE1¥} BACE27F &4 o]AaL
gl o BACE1(B-site APP cleaving enzyme 1)< ©]A},
H FollA wEo] Hu, M2 AxAet TAA L} ES

o] NANE BREaw 225

APP7} W& == 23 22 X ollA TP E ) ol
hippocampus, cortex, cerebellumol| A 1 @& gko]
(20-24).

MAP kinase®= FA ERK(the extracellular signal-
activated kinases), JNK(the ¢c-JUN N-terminal kinase),
p38 Eo] oh;lr ERK(ERKI/Z)l‘— )Hz} EEEQ] A ixqm—o]
F2 Folat Alxze] T2 W sl T3l A4S 91
gtr}, HbA o) stress activated protein kinase® 75 &=
p383% INK= ©|F & M &5 2Eg 24 A=
o3 &AstEm HFRES, AXEANE SOl A= 9]
(25-27). °]5 MAP kinase®} HAZAE AFETe] A ¥4

of sl < A77F s X8 Fld E=sholw W )
&St B24e) H el A MAP kinase®] #40] 57159
3(28) A7t A=-9o] o p38F ERKE A sHAI71H A
S-S T2t AAFAE] Aldo] dojyA e
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2 80% wehe
+= 1 mg/mL7} FA dimethylsulfoxide(DMSO, JT Baker,
Phillipsburg, NJ, USA)ell &oj 4 Ade] AH&313lt.

M| ZEHH 2

Ao A= 33 9] HT-22(hippocampal neuron cell
line) A& AF&3F Y. HT-22 A3+ 10% fetal bovine
serum(FBS), 100 unit/mL penicillin-streptomycin®|
% Dulbecco's modification of Eagle's medium(DMEM,
Gibco-BRL, Grand Island, NY, USA)& AF&3te] 37°C,
5% COy 27 o2 v]¢7](MCO-17AI, SANYO Electric
Biomedical Co., Ltd, Osaka, Japan)oll 4] v} %35}it}. Aty
%2 trypsin-EDTA(Sigma-Aldrich Co., St. Louis, MO,
USA)E AHg3te] 2~3Ue] & WA Aja)skqlch.
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Table 1. List of 10 phacophyta
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Binomial name Korean name Sampling date Location
Sargassum confusum (S. con) o] B2k 2005. 03. 09 Oedo
Colpomenia sinuosa (C. sin) 2472 2005. 03. 11 Sinchon
Myelophycus simplex (M. sim) HL-9] =< 2005. 04. 07 Bukchon
Petalonia binghamiae (P. bin) n| & 2 2005 .04 .07 Bukchon
Ishige sinicola (I. sin) He 2005. 04. 22 Samyang
Dictyota dichotoma (D. dic) Fasuegd 2005. 04. 26 Sasudong
Dictyota coriacea (D. cor) A7t g 2005. 04. 26 Sasudong
Sargassum hemiphyllum (S. hem) -0l | 2Pk 2005. 05. 23 Sindo
Ishige okamurai (I. oka) =) 2005. 07. 19 Gimnyeong
Ecklonia cava (E. cav) Fags| 2005. 10. 14 Wimi

X3 0{s(DPPH) £

ARpE 59 542 Blois®] HH(BH)S WPt ALE
FS T 0.2 mM 1,1-diphenyl-2-picrylhydrazyl(DPPH)
180 uL, 1 mg/mL §%°] ZZxF{ FEE 20 uLE 4l
ZaFo] 200 L7} H Al 96 well plateo] ¥F3Far ¢FA oA
0% WS ¥ VersaMax tunable microplate reader
(Molecular Devices, Sunnyvale, CA, USA)E A}-&3}¢]
517 nmell A FF s S8R fxaoes de| 4y
A Qe T4 F4skA9l butyl hydroxyanisole(BHA)S
ALt o HApFosE g 22 o R ALls)
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4, o] ol Zol= HE}le] o] 5/ 07 HE
A7z AE W ARGl WA= FEgs AFetanat 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide(MTT) #£41& 333tk MTT &4H 2 Al
o AFES SAHSE WHOEA Holgls A HESR
=2jo} ¢l dehydrogenase?l &4 =84 =4 MTT
(Gibco-BRL)®ll 93l dark blue formazang AAlsh= ¢
g2 o] FAE= AEE FFERE SHATOZHN Yol =
W ol th(35). HT-22 MEE 96 well plated] MEF7
5x10"/wello] 7] BFato] 24417k wj %k - njool
78}l fetal bovine serumo®] Eg%A] gF2 uj A S
gk % 200 uM ofE Zo|= He} T A(AB1-4e) 1 Lo}
F F=E& 25, 50 ng/mLE A st 37°C, 5% CO, =72
2 1ol A skt 4841 F 5 mg/mlL FES
MTT reagent 10 uLE 3o 4417k vl F3Slar 35
S AlA% 3 100 pLe] DMSOE #H7}éle] 5% A% in-
cubation A7 A4 % blue formazang ¢+ 3] =olF
VersaMax tunable microplate reader® 540 nmol A
HAEE SHAT AR A2FRF FEE AT AB
1-az AP AE AEES ABpd 2XF FEES A

ot g HT-22 M229] M AEES 100%= 43t
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okth. HT-22 Al¥E(5x10%)° 200 pM o2 o] = e} &
WA (AB1-42) 10 Lo} 25 pg/mLe] #xF FEES A3}
o] 37°C, 5% COz w71l A wfFatiet. 48417 - ulj
3t Al 325 4=83lo] PBS(phosphate buffered saline)® 2
3] AlZ 3 500 pL9 lysis buffers H7}slo] 234
712 48 + 10,000 rpmell A 1583 YAEE sl 1
ASdE Fe & dld FX= 2D quant kit(Amersham
Biosciences, Piscataway, NJ, USA)ZS o]-&3}o] A3l
t}. 30 ug9 lysateE 12% sodium dodecyl sulfate poly-
acrylamaide geldllA A7]95& o]&3te] T AS &

31 eH(36). E2¥ Wl A8 PVDF(polyvinylidene fluo-
ride) membrane(Millipore, Bedford, MA, USA)l| 200
mAE 2417+ &<t transfer 3 ¥ 5% skim milk7} $-F-8
TTBS(Tris buffered saline containing 0.1% Tween 20)
of Yol 4o A 1417t &= blocking A7l & TTBSZ
1087F 33 A& sttt APP(1:5,000, Sigma-Aldrich
Co.), BACE1(1:2,000, Sigma-Aldrich Co.), iNOS(1:
10,000, Abcam, Inc., Cambridge, MA, USA), ERK1/2(1:
1,000, Sigma-Aldrich Co.), phospho ERK1/2(1:1,000,
Sigma-Aldrich Co.), p38(1:1,000, Sigma-Aldrich Co.),
phospho p38(1:1,000, Sigma-Aldrich Co.), JNK(1:1,000,
Sigma-Aldrich Co.), phospho JNK(1:1,000, Sigma-
Aldrich Co)® 3|41 12} A& A 2late] A2l 14]
2 WS AIZL & TTBSE 10%7F 33] A2 gk thg 23 34
2% HRP(horseradish peroxidase)”} 2% anti-rabbit
IgG(Bio-Rad, Hercules, CA, USA)9} anti-mouse IgG
(Bio-Rad)& 1:5,0002.% 84 3}o] AF2ol| Al 1A1ZF wkg-
A AT I % membranes TTBSZ 10%3F 33 A% 38k
t}2 ECL(enhanced chemiluminescence, Amersham
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Biosciences) 7]&3 5~10%3F ¥k8 3 X-ray &
(Eastman Kodak, Rochester, NY, USA)el| 7333} t}.

SAIXz

RE AEe 33 g o R o]Folyg o 1 AiE SPSS
software(Ver. 12.0K, SPSS Inc., Chicago, IL, USA)&
Abgste] AElskin). 2t v Hd ) REHAE A
o BalR A & folxrt 9= A% Duncand EP%‘E”H
HAHo R X0.05 FodlA Fods HAgskslt.

B Ao e Z2F 1059 wErS
=2 ;<1— oijz a;g-/\é z‘%/\ §]_;<ﬂo] BHAES 2
DPPH &tz 2758 S48 B dthFig. 1) 1 A
Z72 83.68%2 DPPH &tz AA TS B ZZ2F
T M =2 &4 B AL Del(Ecklionia cava)®
78.24% % txa-¥ vle A4S YEAY. 1E]a &
Z5F % 9Ushige okamurad= 59.69%2] =A< YERY
A ZEeF gEo] A A AIRA TS YERIL S
VA Z2FE 50% kel ghold %S YERA
g AAS ol9lo] Ay sEHS A HE 3o
upAl sl Ao 2 1ot
%%% o O:]?—oﬂ}ﬂ 6‘]—/\]-§:}. :al/ﬂg] _?__"‘)H.Q_
YeRN =4 53] fucand} 22 33} thd-2 polyphenol
sHEY gEo] st 4S5 2te AxRFe F8 AR
2 dHA JAN37). E(Hizikia fusiformis) A< d o eh-&

FEE& o83 DPPH &HZ 2A %54+ 1,000 ug/mL
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Electron Donating Activity (% of control)

Fig. 1. Electron donating activity of methanol extracts from 10
phaeophyta in the concentrations of 1 mg/mL. All data were
obtained in triplicate and are presented as means+SD. Signifi-
cant differences between treatments with the Student's t-test in
an one-way analysis of variance. BHA: positive control group.
P< 0.05 compared to control.

A w) 85%, 100 ng/mLY Wl 77%2) 2A%S YERlo] &
25771 A FdArstA A o] AL Ths Aol S BT
(38). =3 Ax7Fol AR Auk(Sargassum kjellmania—
num) L. 25 223 phlorotannins A &o] $43F %2 3}
2bel oA antE Beltka v H=u(39) T =3HE W)
Zgk oy 7R Q1] Aol free radical®] 4tste] 9
gk Z19de] B8 #]ar 9lo] phlorotannins7} 458 2372
AT w3bE v g Ay oy

o] tH(40).

(e}
2 rgold A

= o] Ao st A AAE BES

S SAHATGo RN AExFo HT-22 AlE Hogds Aru
TH(Table 2). vl eFst Alazdl of 2ol = HE} Tl A(AR
1= APeta Z4x2F FEES 25 ng/mL HE5ES o
AB1-427HS A3 woll M= 85.88% 2] AAME AEHS
B9l ow u A& (Petalonia binghamiae)ol A= 120.34%,
vk = (Myelophycus simplex)& 116.49%, Ed7]¢
(Colpomenia sinuosa)< 108.47%, 2 R AWH Sargas—

Table 2. Cytoprotective effects of methanol extract of phacophyta in AB-treated HT-22 neuronal cell line

Cell viability (% of control)

Phaeophyta name

25 pg/mL 50 pg/mL
Amyloid-beta (con) 85.88+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° 63.194+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) 93.3949.88 54.02+12.65

Mean+SD. The mean difference is significant at P=0.05.
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sum hemiphyllum) 102.17% % AB1-427rS ﬂﬂ?ﬂ' ol 1]
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st e PC12 AlEoA ] 545 o
T3 Al A= o7 A3, S 2 AADFE FEE
200 pug/mL7MA 9] XA AEEo] 100~120%S A
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Fig. 2. Cytoprotective effects of selected 5 phacophyta on APP
and BACEI protein expression associated with A accumulation
(A) and iNOS protein expression associated with NO generation
(B) in Ap-induced HT-22 neuron cell line.

ATA 2249 FHAhavel giEo] 2454 E420 AR A4
717 F @A B8 249 BACE19] #4S Adgoz
A AR RS A= 29F BtHFig. 2A). Fxtl
A #2149 catechinZl $}3+E<°] BACE1S A&ttt 11
7F A A TH44).

A A AFukgo] dojd wf L= o] A3Ee] AE
#ofsh= INOSE tixdtel vls) 2427 FEES e
b BSR4 i ). o] A¥=

ZW(Codium fragile) =
Ao 2 Oﬂ:rLoﬂ’ﬂ‘: RAW264.7 A|3Zef X4 ;ﬁoﬂﬁ r
T¥ LPSe B2 FEES Mg 27 NO 848 dA3
TaAA 2 30“3-?% Z234E YERen INOS &4
A A Bk JTh45).

A7 A F 2 *}"é# Tl H MAP kinase®] €7d3hE 7|
o Wy S AHHUTHFig. 3). PCI2HEN A AB2
2] & ERK$} p38< %3l iNOSe| wdo] Zrsttis A
A7} A 3(16) MAP kinases pathway”} &> &Fo] v 1
o] Wl AR DAdgh Aol glrk= W Bl At
(28,29).

2 Aol M= AR 245z Q8| AldM A &
dstEl MAP kinase9 As|¢ds &4t 1 A3
HT-22 M XA ERKS} p382] ARl 9|3t &35 A 3|
gt Slx2RE vdH e v Ao, o] F Y=

Lo

xu;oi /V\o]‘— zHF2 deA %E}(Flg 3). Ntﬂ%g
ischemia model°l|4] ERK &4 3} A=+ ischemia’l ¢
% FA F-2l(schemic core)oll A& ZAastARE 8 H-9)
(penumbra)ell A= & shgo] defA ot te A4
o] = ischemic coredll = ERK &A3}7} S71sto] Hal
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ERK1/2 and P-p38 MAPK protein expression associated with
NO generation and P-JNK SAPK protein expression in AB-in-
duced HT-22 neuron cell line. P represents phosphorylated form
of MAPK.
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