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In Vitro Screening for Anti—Dementia Activities of Seaweed Extracts

Hyun Jung Son, Min Young Um, Inho Kim, Suengmok Cho, Daeseok Han, and Changho Lee

Division of Functional Food Research, Korea Food Research Institute

ABSTRACT We investigated that methanolic extracts of 20 kinds of seaweeds from Jeju Island for their antioxidant
activities, acetylcholinesterase and P-secretase inhibitory activities, and neuronal survival in order to evaluate their
potentials as anti-dementia agents. Ecklonia cava extracts had the highest total polyphenol content among the 20 seaweed
extracts. The antioxidant activity of seaweed extracts was measured by using 2,2'-azino-bis-(3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS) assay. It was found that Ecklonia kurome extracts had the highest ABTS scavenging activity
(IC50=0.07+0.01 mg/mL). As a result, Ecklonia cava, Ecklonia kurome, and Myelophycus simplex extracts were found
to be the most effective in terms of acetylcholinesterase inhibitory activity. In the B-secretase activity assay, Ecklonia
cava and Ecklonia kurome extracts were effectively inhibited (84.41+1.70% and 81.1742.43%, respectively). As ex-
pected, neuronal cell death induced by H,O, in SH-SYSY cells was diminished by Ecklonia cava, Ecklonia kurome,
and Sargassum yezoense extracts. Taken together, these results showed that Ecklonia cava extract has potential anti-de-
mentia activity, which suggests that it might provide an effective strategy for improving dementia.
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Sdo] Raugd wel dAE A1k /o] du=A] ik
3 Aok FH v EEAR] farnesylacetone =4
el AChE¢} butyrylcholinesteraseS 2 Ast= & 37}
A oz HuEon(16), e dieckol AW
AChEE dAeE o= YelRTH17). 12y 3|27/
X G5 H7Hs G d|FFol sl o] Folx o,
T2 AChE A& &Adelwt 2xlo] gtolx] Ut}

old] & AFolAE sxF FE2E 205 oz FE
¥+ g3 ABTS radical 227 &4, AChE 94 &4,
B-secretase A &4 L 2k} ~E g 2of 23k A7 A E
B3 G398 SAs] s 2F7Y X o 2 R A EA
o] 7k & HAESISIT.

f

2 A A8 dE2RF FEES AlFEax=gA2Ue)uy,
Korea)oll A Al g gto} AFE-3t1 om, Z7hA| M o) 25D (Dic-
tyopteris prolifera), Zdl Y AW Sargassum pinnatifi-
dum), el (Ecklonia cava), W2 (Chondria crassicau—
lis), =7 (Ecklonia kurome), ®w| 7] AW Sargas—
sum siliquastrum), EZ 32 (Ulva conglobata), 74
(Undaria pinnatifida), v 94| (Petalonia binghamiae), ¥}
A2 (Myelophycus simplex), W5 (Petrospongium
rugosum), =8 7% (Colpomenia sinuosa), &) ZAMRE
(Sargassum patens), &%0) 2 AW Sargassum confusum),
N R AW (Sargassum yezoense), A 3Ve|(Enteromorpha
linza), A Zo)(Sargassum thunbergii), 2 AW Sar—
gassum hemiphyllum), 2150V (Dictyota dichoto-
ma), ¥ (Hizikia fusiformis)2.2 % 20%Fo|t}.

A s 2{F FEE2 EsS vl A4 24
Az wRE &80 A5 dE o] Z(Whatman No. 2, What-
man International Ltd., Maidstone, UK) ¥ #ds3
(LABOROTA 4000, Heidoph, Schwabach, Germany) %
FAAZ NN Aew AN AAL dimethyl sulfoxide
(DMSO, Sigma-Aldrich Co., St. Louis, MO, USA)°ll d#
Few g Al AlRE AT

[N

FE2 s &2 Folind Denis9 WH(18)] whet 5
Aottt 944 s&9 xR/ FEE 0.5 mLE Hato =
A9 6.5 mLe 2 N Folin-Ciocalteu's reagent(Sigma-—
Aldrich Co.) 0.5 mLE& 7}t - A20lA 33+ #-S-A13
o} 1 3 20% Na.CO3 1 mLe} 575 1.5 mLE FH7Fshe]
WRkE Thg Aol A 1A F< WAAIA UV spectro-
meter(V-530, Jasco, Tokyo, Japan)& AF&3}¢] 765 nm
oA FFEE St AR FEYdE FHFS 0~

0.5 mg/mL & %9 phloroglucinol(Sigma-Aldrich Co.)<
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ABTS radical &AHs &3

ABTS radical 27 &4 Arnao 5(19)9] #HS W3
st A3 2.5 mM2] 2,2'-azino-bis—(3-ethylbenzo-
thiazoline-6-sulfonic acid)(ABTS, Wako Pure Chemical
Ind., Ltd., Osaka, Japan)¢} 1.0 mMe] 2,2'-azobis(2-
amidino-propane) dihydrochloride(AAPH, Wako Pure
Chemical Ind., Ltd.)E 1:1(v/v) H[ &2 &3}3}o] 70°Ce]
Feazo A 303t AT - WAAA REES G
Zt}. Phosphate buffered saline(pH 7.4)% o]-&3}e] 734
nmol A FFE ghe] 0.62+£0.027}F H 2% A &
= AZ898 20 ul #H3sked ABTS radical solution 980
uLE 7hek $ 37°Cell Al 103 WH&-A1Z1 ok UV-spec—
trometerE ©]-&3lo] 734 nmolA FIFE=E FAH5SI T}
oldf 2EHAZE TroloxE AHE3F oM, 2/ FE&

o] ABTS radical &4 4L ICs0 #hoZ 32713130

Acetylcholinesterase X35l &M =X
Acetylcholinesterase(AchE) A&l €432 Ellman'H(20)
S Wysto] 5433 Cuvetteol 2.36 U/mLe] AChE
solution 25 uL, 0.1 M phosphate buffer(pH 8.0) 50 uL%}
A2F FEE(1 mg/mL) 25 pLE 2 Egsto] 37°C, 10%&
ZF ¥EA171 3 3 mM 5,5'-dithio-bis—2-nitrobenzoic acid
(DTNB) &< 125 pl.¢} 0.075 M acetylcholine iodide 25
s A71eted 412 nmollAl &3 = (microplate reader,
Epoch, BioTek, Winooski, VT, USA)E 43} t}.

f—Secretase A X &M =H

S ZF FEE2 B-secretase B4 A2 BACEL(B-
secretase) FRET assay kit(Panvera, Madison, WI, USA)
S Abg3le] =A438k9 ). Black 96-microwell plateel 10
uL reaction buffer(50 mM sodium acetate, pH 4.5), 10
uL substrate(750 nM Rh-EVNLDAEFK-quencher in 50
mM ammonium bicarbonate), B-secretase &4(1 units/
mL) 2 7} sj2F FEE(1 mg/ml) 10 uLE AR A7t
3Fo] 1A)17F ¥ A1 & stop solution 10 uLE 7}8fe] vk
A A A ZA ). Substrate?l Rh-EVNLDAEFK-quencher
B-secretase°l o8l #eld FFS UehnE FFE
& Al(Infinite M200, Tecan, Mannedorf, Switzerland)&
o]&3}le Ex 545/Em 585 nm o2 HJHALE F43}
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B Aol A A}-&-3F human neuroblastoma SH-SY5Y
MAEZ(VA 20108)= ATCC(Manassas, VA, USA)ol A &%
dhol AFE3FSITE Al E vAZFA-S Dulbecco's modified
Eagle medium(Gibco, Carlsbad, CA, USA)dll 10% fetal
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bovine serum(Gibco)®} 1% penicillin streptomycin(Gib—
co)E F7bate] ARE3Fl o™, incubator 271 37°C &%
ol A, 5% COx7t g ¥ o] AlxZujeke] Adstes A3
=3

HoOp X 2ol &3t slzf FEEY AFAE B a3
MTT assayE °]-&3dte] 5743k tH21). widd SH-SY5Y
AEZE 96 well platedl] 2x10* cells/well 52 B335}
24 A7t &<t pre-incubation ¥ 30 uM =9 H.0.5 #
gt AEEFE et sz FEES s 2H00,
100 ng/mL)E A gJsto] 24A17F o] wj kel A EABEE
545 $3 MTT solutions A &8t 37°C, 4413t 53t
W3 Al 3, DMSOE #7bste] mepdoz xd for-

mazans &8 570 nmol A FHEE =Asc). Al x=F

FEE 83 A AHEE DMSO= Al EA ¥ 0.1% 5%
HZ Agstgda, AFAE AME 2 B35 g3 J3S n)
XA O}% 7o w2 3relE ). Cell viability: control®]
AEgo de Mgz Jehy o

SAX2

B E A¥+= SPSS(version 18.0 SPSS Inc., Chicago,
IL, USA) A 21388 o] g35lo] Ht
WAtk 72 At 7k fod A5 "a‘% B R s
(one-way ANOVA)E o] &3 Q13|
Fo 2 Tukey's testES AA

o
_&
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"EE'JEH'E g =9
HEA S3FES A EAd O BXy 23

3} 2 phenolic hydroxyl(OH) 7]& X% ct 24
Adl 2o A Agete 428 2 v #AsAd S5t
52 st a9 5 oge Ve s 2 3R oA 3
o, o] SIS ksl &4 Wik ek
HRItH(22,23).

w2 /‘E‘iﬂoﬂ’ﬂh 20% A7 F=E HuE g FE
A& ghS A48, 2 A3E Table 19 YeERAATH
20%9] A xF{ FEE 5 FHe FEHdE &%) 123.00

+4.31 mg/go = 7§ %o, AE e 110.34+5.80
mg/g, ¥ul 7] EAEE 47.3847.01 mg/g, HEARHF 36.19+

3.88 mg/g, A4 28.96+0.70 mg/g 0. & FZ2HE
ol 2 Ao FAHAT v BT FEE
dx2F/ FE2E T 7

& &2 1.52£0.13 mg/go 2 203
i 7A4 o8 UrEH’kE‘r

2 sfz=Fol s o
& Ao dHA 9l

% Kim &

Table 1. Total polyphenol contents and ABTS scavenging activ-
ity of various seaweed extracts

Polyphenoll) ABTS scavenging

Scientific name

(mg/g)  activity ICsp (mg/mL)
Dictyopteris prolifera 21.26+2.87 5.36+0.65
Sargassum pinnatifidum 7.59£1.05 27.92+0.34
Ecklonia cava 123.00+4.31 0.08+0.00
Chondria crassicaulis 28.96+0.70 42.39+3.54
Ecklonia kurome 110.34+5.80 0.07+0.00
Sargassum siliquastrum  47.38+7.01 1.46+0.10
Ulva conglobata 18.08+2.58 11.94+0.62
Undaria pinnatifida 8.67+£0.93 18.37+1.17
Petalonia binghamiae 13.18+0.36 19.24+0.31
Myelophycus simplex 8.21£1.21 40.46+1.84
Petrospongium rugosum  11.39+0.49 8.21+0.30
Colpomenia sinuosa 1.52+0.13 149.37+£21.80
Sargassum patens 7.12+1.87 27.47+1.61
Sargassum confusum 14.43+1.55 2.67+0.11
Sargassum yezoense 36.1943.88 1.33+£0.13
Enteromorpha linza 10.62+3.10 21.43+1.11
Sargassum thunbergii 5.33+0.75 30.27+0.37
Sargassum hemiphyllum  21.7343.05 2.06+0.05
Dictyota dichotoma 10.93+1.15 2.79+0.08
Hizikia fusiformis 5.10£2.15 27.60+3.27

Data represent mean+SD of three independent experiments.
DThe total polyphenol contents were determined with reference
to the standard curve of phloroglucinol equivalents.

mg/gl. 2 2 AFoA SAHE g AR A5 YERS
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Q1 kst 23] o, EvERT %—Bl = o] &
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& 7leA AE AR A ﬂbﬂol 7]t e}

ABTS radical &A1

ABTS assay™ potassium persulfate®} ABTS7} W&
o] A=A ABTS radicals dAsta, A E ABTS
radical& A 87} 2k 3halsl Ao 93] B9 F=40]

A BAR FASE AL o1 SPUOE 2543
ARy BA T AG ARsE Pl ol A% FFE

9] ABTS radical A7 H|1s }93\0“3] 1 A3}E Table
1o AABHTE At e FEE9] 1Cs 302> 22
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g oHE S2F FEES RYste] ACKE A8 2YE F4
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Fig. 1. Inhibitory effects against AChE of methanol extracts =o ACHE A3 84S Jehigdth Gao 5(32)8 227
from various seaweed. Data represent mean+SD of three in- N [ . AES. = Ry o1
dependent experiments. Acetylcholinesterase inhibitory activity 2FE F%3% fucoidan &S AR Fol AAdEENA o
of each seaweed extracts was measured at 1 mg/mL. A7\ 7F B33t Axl ¥ ZA oA ACh =S =7}8}al cho-

lineacetyltransferase(ChAT) $t&2 74 %o] AChEY
B skl gl A= Zom Bttt Lin & 33)—8— x5
9] F}R2E] o] =72 fucoxanthin®] AChE &A1& A a3}
Acetylcholinesterase A5l & E Ao 2 Rt oo nif¢d FEE FH-F fu-

]cﬂeﬂ /:/\]- =i o];q x}o]]
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AHAEEZAQ AChe] £31E 7] 93 AChE inhibitorE
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71% M &ael ARdATE dE e Busa
(28,29).
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Fig. 2. Inhibitory effect of various seaweed
extracts (1 mg/mL) on B-secretase activity
Data represent mean+SD of the three in-
dependent experiments. "P<0.05, " P<0.01,

P<0.001 compared with control group.
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Fig. 3. Effects of various seaweed extracts on H,O, induced neuronal cell death. (A) Effects of H>O> on the viability of SH-SYSY
cells were estimated. (B) Cells were treated with 30 pM HyO, and various seaweed extracts for 24 h. The maximum concentration

of DMSO in cells was 0.1%. Data represent mean+SD of the three independent experiments. "P<0.05,

with the H,O, only treated cells.

“P<0.01, " P<0.001 compared
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