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Alzheimer’s disease (AD) is a progressive neurodegenerative disorder of insidious onset that causes gradual loss of
memory and cognitive function, and it is the most common form of dementia in the elderly. AD is characterized by
neuritic plaques and neurofibrillary tangles in the brain, together with loss of neuronal cells. The major neuropatho-
logical hallmark of AD is the accumulation of extracellular neurotoxic -amyloid (Af) peptides, such as AB1-42, in
the brain. In the present study, we investigated the effect of sargachromenol (SCM), sargaquinoic acid (SQA) and
sargahydroquinoic acid (SHQA) isolated from Sargassum serratifoilum ethanol extract (SSE) on A production in
vitro using APP751-transfected Chinese hamster ovary cells (CHO-751). CHO-751 cells were treated with various
concentrations of SSE, SCM, SQA and SHQA, and the level of extracellular AB1-42 was evaluated by enzyme-linked
immunosorbent assay. SSE and SHQA reduced the production of AB1-42 in CHO-751 cells. Therefore, SHQA iso-
lated from S. serratifolium has potential as an inhibitor of neurotoxic AP peptide production.
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8l 0] sfLfolt}, zsjoln] Aol AT ANE Baf Hx
2 shola) ol Quielnt b S 5ol thehbid], 2 el
HH(neuritic or senile plaques)x} A1734-7-th(neurofibrillary
tangles)©| 17l o]th(Marr and Hafez, 2014). B 2] §1Q159]
= 7] A A Q71 AR T Fol A e A1 58S e
L v efoll 2 o] = (beta-amyloid, AB)Ek= T H o] 1]z 2o
225l Alo] otzatoln] AT WAL FH aolow
& #] QIth(D4 Mesquita et al., 2016).

HEfol 20| (AR type | HRHEEHLAR) o g zo]= 2
“Al(amyloid precursor protein, APP) iU Z HEl §49]
Agog ghgojzict dutAor A9 HEA M= a
disintegrin and metalloprotease (ADAM)-10 = ADAM-

179} 22 g-secretase] 2H8-© & APPEHE] APPs-0.2} C83
(C-terminal ZTHE9])S AA5k= non-amyloidogenic 7=
7} $-AlSHAl YEeRdtHEndres and Fahrenholz, 2012). Non-
amyloidogenic 25 7] % APP+= HElolU 20| =5 A5}
A okow, A AdE?0 APPs-04= 23] 2] 417 /g = 417 B
S avE 7HRtkal 215 o] Qlti(Thornton et al., 2006; Cor-
rigan et al., 2011). RFAo| Gr=slo]m kAo Ho| A= AB
Fi= AP, , 2t -2 HlEtoPd 20| & HlEfo| Eo] AfAJo] Hot|
+ amyloidogenic 7 27} -A5HA UERUAL o] et =9
/ol ol AFAMEZS] 2A4S dorA Het o]t A=
A Hglopd Zo| == B-secretase] 2|3 APPs-p2} CO9= =
2|3 5 YA EH C99+= y-secretase2] 210 ]3| 4] HE}o}
Azo|=5 A H=d, olFA A4E Hetotdzol=
= A= gA -S3 = o] oligomert fibril 25 /st 47
Bal|w) 7] ok A28 742 A ®ltk(Kayed et al., 2003; Heneka
et al,, 2015). webA| A AES G =stolm ke E9Y

ko
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BAIZ SIS A B A AsE] 917t 2| & O = B-secretase
L} y-secretase®] 25 AT 5 = AsiA| 7ol gl
Q= AFto|tk(Na et al., 2007; Weggen et al., 2007).

FY XA Sargassum serratifolium)2- SRR} &5}
et Ui Aol A Alshs ZxFolnt thE HANERS} v
e o, 7ol EAste] o] o]&sl oA B
T Stk 38 AE 7, BA717E vhdEelal £7] 7t
Aylo] o] FEe 7HIE WL ek Aol HS A A
EJo]tH(Oak and Lee, 2006). ©]4 2] AFoAE= FUE
ZE 4 F=Z&(ethanolic extract of S. serratifolium, SSE)
ZRE A7l R & (sargachromenol, SCM)1} A7 =2
Ak(sargaquinoic acid, SQA), Al7}5lo]| =2 7= @] AK(sargahy-
droquinoic acid, SHQA)S 2|3} tHGwon et al., 2015).
AA7HA] ol & FEE9 E 7HA A@Ad S0l RE=
o, Al 3}t = aFASH(Pérez-Castorena et al., 2002)2} &
¥Z(Kim et al., 2014; Joung et al., 2015; Jeon et al., 2014) &+
Ko] B A 0% Selusich. 22)9] 42Tl ot B
B, SCM2 31319 4| (anti-photoaging, Kim et al., 2012;
Fernando et al., 2016), &= ¢ o] A H|2}A (anti-cholinesterase,
Choi et al., 2007), A17324 Z=Zl(neurogenesis-promoting,
Tsang et al., 2005)2} 22 gH4do] 1%, SQA= 1wk
(anti-adipogenic, Kim et al., 2008), 417344 Z%I(Tsang and
Kamei, 2004), &-<H(anti-carcinogenic, de la Mare et al., 2012)
BH4o] BaEglon, SHQAL 3HH|9HKim et al, 2008)7}
&he(Kim et al,, 2012) SHdo] BUE|ch Ea Hlo]
SQA2} SHQA+ peroxisome proliferator-activated receptor
(PPAR) a/y2] A 8572 (agonist) 2 <1 %] 2 th(Wang et
al,, 2014). o131} Zro] SCMt SQA, SHQA 9| i Ae| &
dEo] Bk o] QIR d=sto|m A gkn} 72 B g 41742
Shof| thgt Aol tisA= A-tE BE7} itk whebs] 2 At
oflA= Fzstolmzghe] W o] 2o AdjlEdRE Ui Sl
+ H|gtopd 2ol Agof thgt AR anE Fgstarat shel
t}. APP751-2 t}2 isotypes (APP695, APP770)x} 37 e}
obgzo|= A whl o] 28l Fefolsi, o] 2 Turd A7)
chinese hamster ovary cell (CHO-751)2] 73-%- w|glol 2 o]
T A1} A okt d7F Hars o] 9lek(Goldgaber et
al., 1987; Pahlsson and Spitalnik, 1996; Xia et al., 1997). u}2}
A, B Ao A 0|3t CHO-751 Al EFE 0] 83131, o]
off FU AN &= 9 2 e A2 skal o] 5 H|eto}
LZE(AB, )2 /%] HBHE Ao 24 E|8) /g 2 eke]
oA E= ARS8 skLAL s

2 o nh Rl

-

Mz W U
A=

Dulbecco’s modified Eagle’s medium (DMEM) 7} fetal bovine

serum (FBS)< Life Technology (Carlsbad, CA, USA)of| 4] =
2131922 Dimethyl sulfoxide (DMSO)+= Sigma-Aldrich Corp.
(St. Louis, MO, USA)ol| A 5-€13}31tt. CellTiter96® Aqueous
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium (MTS) kits= Promega
(Madison, WL, USA)of| 4] 7-¢] 319 32 human f amyloid (1-42)
ELISA kit+= Wako (Osaka, Japan)oj| 4] - s}4ict.

SHZEAHICZREH siet=9l 22

FYAHE A|R9] Al o] 9] il (Gwon et al., 2015;
Jeong etal., 2015)2] Wl o & 4=345}¢ic) 2015 5o FAE
71l B, F) Bl vt e gl A
AT 47} STk AR AR Aol R
NhG 4] Ei= Aol A Aelzix T, viafeto] Qe 2820
kg F7(95% olgh3) § Lol 971 70°Coll 4] 4417k 23] w2
sto] BRYZ F5T T, DI 57|12 40CoA TS
AARE &, FEH IARA 2355 2049 g2 A AHGwon
etal,, 2015). o] A & FULANWE 4 F5=(SSE)> 4C
2o AR psHHA Ao gz ARESHIH: S5E
FEE 15 g& E/0R2(9:1, viv)e] Z-grfiofl ¢l 5 Phe-
nomenex Luna RP-18 (2) column (250 X21.2 mm, 15 um,
Phenomenex, Torrence, CA, USA)©] A-2-H HPLC= 3719
8] Z(fraction 1-3)°.2 Z2|slitt. A=ntE 1 u] 2] o] 54}
© 2= 0.1% formic acid7} &5 ofgh-&o] ALE| 91, G4
< 7mL/min2 4453 01 270 nmof| A 7] 25 2l
FgntE 2 242 28 A/B (90/10)-A/B (94/6)2] H%=
2 3387H A/B (94/4)-A/B (100/0) =2 287 A4S 1Y
Skt F 252 w25 =017] $18he] Luna RP-18 (2) col-
umn (250 X 10 mm, 5 um)©| A2 HPLCZ 4 3 mL/min
© % AsIL, 2t 80| A £AL the} ek, Fraction
1 (SHQA)2 A/B (85/15)-(87/13)l| 4] 26%-7F, A/B (87/13)-
(100/0)o| A4 2E7F, A/B (100/0)0.2 627+ Aol 3o A/B
(87/13) %= & 1057F 88 5} 319 11, fraction 2 (SCM)=A/B
(91.5/8.5)-A/B (92.2/7.8) == 26527t A/B (92.2/7.8)-A/B
(100/0) =2 2587k A/B (100/0)= 6571 H ol Tof| A/B
(01.5/8.5) w2 101+ A4S Bttt Fraction 3
A/B (93.4/6.6)-A/B (93.8/6.2) 52 207t A/B (93.8/6.2)-
A/B (100/0) 5X==2 2871 A/B (100/0)2 657F Ao $of
A/B (93.8/6.2) == 1087 ZlS HEs)eoit. A=nE
T3] autosampler® A5 O 2 AR5 FYsH= HAo =
50-1002] HA5to] HigFe] E2lES Aol
MIZHI 2 X2

CHO-751 A3+ 10% FBS%} penicillin (100 unit/mL), strep-
tomycin (100 pg/mL)SE H7Fet DMEMS AE-8131aL, 5%
CO,, 37°CollA] wiFalodct. siofgAlel CHO-751 A&7}



Hetopd o] = Ao o

70-80% 4= 2% phosphate-buffered saline (PBS)Z 3t
H Alojll & Al gsteict. SSEQF SCM, SQA, SHQA=
DMSO°] 501 ARgsFAAL, B A & 2] Hofl mj#]of 5]4]
afo] Al elaRaict.

ME=d Al

CHO-751 A|2ZE 96-well plateo]] 2x 10* cells/well 2 2=
SEaL 37°C oA 24A17F 54 B oFskRiTh. o] ol SSEQ} SCM,
SQA, SHQA7} 5= 2 3]4% DMEM H) 2 & 35t 30
ATt E2F vl et Sof] Al 2ARe] ’fR o] wheh Al 2 EES 7
A5kAh MTS 242 FBS-free DMEMO]| 5% (v/v)2] =
2 A0} 100 uLA A28t} 14]7F &0 microplate reader
(Glomax Multi Detection System, Promega, Madison, W1,
USA)E ©]&-5t0] 490 nm 3ol 4| S35 45T
= A DHOJE A{EH

KeRATuLES buc =t

assay, ELISA)

CHO-751 A|2ZE 100 mm plateof] 2 X 10° cells/well2 2
811 37C oA 24A17F 52t v ekshGiTh. o] $-of SSE2F SCM,

(Enzyme-linked immunosorbent
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SQA, SHQA7} 5= 8 & 5]415l DMEM ujj 2| 2 A3}ef 30
|74 5k B ek Fofl AFE XS ol A% F7HK| -80°Co
ek ASHIR o] RIS AB, 0] & ELISA kits
ARg-5o] A 2ALe] WP o whet AllS 2181519 31 microplate
readers °]-§-5to] FF =5 S

S AMe|

& AT A2 9 AR, S HlolB = Hat g =R
(mean =+ SD)E AAtsto] b olek. Ad 7he] 594 A%
2 P<0.059} P<0.01 =04 o g4hE4] (one-way ANO-
VA)E o]-8-5to] 553t

s Aol AGE BUBANGA SRS oo Te
ZEAE B Sargassum)ol = EASHE SO BHlE]
At 23 AxFEE TR (Sargassum  macro-
carpum) (Tsang et al., 2001; Kamei and Tsang, 2003), H|&
) A Sargassum micracanthum) (Hur et al., 2008), 27}

140
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0.25 0.5 1 25 5
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Fig. 1. Cytotoxicity of SSE, SCM, SQA and SHQA in CHO-751 cells. Cells were treated with SSE (Sargassum serratifoilum ethanol ex-
tract), SCM (sargachromenol), SQA (sargaquinoic acid) and SHQA (sargahydroquinoic acid) for 30 h. Viabilities of the cells were measured

by MTS assay and their relative viabilities are shown.
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A| B A Sargassum micracanthum), Z12]3 ) RARK Sar-
gassum yezoense) (Kim et al., 2008; Kim et al., 2012; Jeon
et al, 2014). Z12]3L SA4AZ 24 Holo| #E38)= Roldana
barba-johanniso| = ZA|5H= A0 & 3ol ¥ ¢ tH(Perez-Cas-
trorena et al., 2002). &l EApko] 4] Eeldk SQAE 417
£7] A% A= e a(Tsang et al., 2001), 3] PC12D A
320] 4] nerve growth factor (NGF)ol| &g A7 4|22 2.9] F35}
off tet Z2p7F SQA A 2]l M F7tele ALz 2l
o} (Kamei and Tsang, 2003). B St 220k A E2]3F SQA
©F SCM 2] 7 7o) F-415H= 1A 2.2 apoptosis& %Al
7|2 2] BRI AL, o= FTAoll ofet vk A=
of Ay Y Aoz HE It Hur et al., 2008). ZH7}A| 22}
Hhe] SHQAL: 712 ol 82 melofA] Hi7| Ao 242
FEFeRH o] dAEEE A she Alo] FH
oArk(Park et al., 2008). 023 B4 ¥1E Y ¥]5| o o}
€ HEAS g7l 62 Ao Al oAt
Hho] v gh&(methanol) &5 4 +2]% SQA2} SHQAS] &
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AL ARQIALe] A%al PPARa/y F7HA ol FAlof 2Hgghe.
EM PPARy &/d3lo] oJgt A2 S0 A et
AJ(insulin sensitivity)2 =01F= G35 el = 7102 &
Q=] 9It} (Kim etal., 2008, 2012). o] 2|3t S 28 i W
T TAb AR ool TakAel Ao AT B
ofmAEkae SHQAS ol &3 oAl 3 5icsle olA|e
TE=FESEAH W O 7)Ao BarEitHJeon et al., 2014).

= Ao A= WA CHO-751 Aol H2jah AlRo] 54
& 3Rlaly] gia) AZAEES BlsiA 4 EhyA]
oF= W 9le] S S AF 55 2 AgseithFig. 1). CHO-751
AZolA] A= AB, o Thek SSESHSCM, SQA, SHQA
9] a1 Hrlel7] YaliAl SSEE 2.5, 5 ug/mL, SCM= 2.5,
5uM, SQAL} SHQAE 1,2.5 uM 9] =2 30A]7F 52t A2
SFAL, SRS Kot A EAYS AT At
of w2 vl F v A]ofl 5 ug/mLe] SSEL} 2.5 uMe] SHQAE
A2 3k ), A1 9] AP, 2] o] o 20% Y a5t
A2 shelg 4 Q9o SCMt SQASARE frolel 7
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Fig. 2. Effect of SSE, SCM, SQA and SHQA on A, ,, production in CHO-751 cells. Cells were treated with SSE (Sargassum serratifoilum
ethanol extract), SCM (sargachromenol), SQA (sargaquinoic acid) and SHQA (sargahydroquinoic acid) for 30 h. Extracellular level of A,
., Was analyzed by enzyme-linked immunosorbent assay. All data are presented as mean=SD of three independent experiments. **P<0.01

indicate significant difference compared to non-treated control.



Hetopd o] = Ao o

= Vel 929kth(Fig. 2). mebA SSE A 2lo] oJa) L
wletop ol = A4 of4] ATH SSES] 741 415-2] SHQA
o] &gt Aolet =53 4= QUSIT). HEfopd 20| == APPE R
E] B-¢} y-secretase®] endoproteolytic ZHdofl &Jaf AYA T},
APP9] & Buk-S A== B-secretase} TFE 7|, y-secretase
= ofe] Faof 285k A o= A A Qlom, == Vald0xt
Ala420] 2-8-51o] ZF2F AR, ©FAB, & A8/d3tth(Sisodia and
St George-Hyslop, 2002; Weggen et al., 2007). o] A 2] H 110]
w2 opifeldlo] B-secretase?! BACE12] &L A A7
Sz Hetopt 2ol =] HAS FaAlXItk= W-&(Paris D
et al., 2011)¥} Yx1&glo] BACE1¥} y-secretase?] presenilin-1
(PSEN-1)2] I A& 5o Hetopd Zo|=0) S Ta
AZITH= 8(Nie et al., 2011), 12]1 =x}o] 7}e|7] A&
E0°| BACEl a4 84 AIE 53l Hleterdzo|=9] 44
S ZQItt= W8(Jeon et al, 2003)2] =EEo| Kk o] 9
o). w2kA SHQAZ} o] 213t secretase®] W& oL} A4THAS
AAA7] =40 A= o AE7F B ResHAT 919 BiE
I} vk WA o =2 wetold 2o| = o] S RIS Aozt
zEEIT) wak Aol gt AN, dstolu] Bate] A
3 9] wlgtop go| =] 242 qhFo|ut AkshA &4t
ko o] ik o4 2] HarofA SHQA} tumor necrosis
factor (TNF)-0.2 &= %= HaCaT A2 2] P53 A4
Z1th= W-8(Jeon et al., 2014)2} 3H4ket B8 7Hxlthe W
£-9] =5 (Pérez-Castorena et al., 2002)o| 4 & 4= ¢1%0], 9]
©j SHQA®] @53} aH48Ha 540 FobelZo]=(anti-
amyloidogenic) 2/d 3} o174 &=sto|w WS o ek ALt 2l
2 A A7 =H 785 o842 Aol Azt

AL AL
o] =t FA e ARa Ao ehE AR|(2015 )0l ofst
o] AFH U5
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