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Inhibition of AB42 Fibrillation and Toxicity with (3-Asarone
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Amyloid-3 protein (AB) is a pathological component of Alzheimer’'s disease (AD) by participating in the senile

plaque formation in the patient’s brain. Although the

exact mechanism of AP toxicity is not fully elucidated, it is

considered to be closely related to its fibrillation process. For prevention of AD, recent studies have suggested various
small molecules which inhibit A@ fibrillation. In this report, 3-asarone found in acorus plant has been investigated as
an anti-amyloid molecule. 3-Asarone was demonstrated to prevent in vitro fibrillation of A3 by inducing the oligomer
formation that obviously decreased cytotoxicity. Therefore, 3-asarone could be suggested as an inhibitory agent of A

fibrillation and toxicity, which would help us not only to
but also to develop a controlling strategy toward AD.

understand underlying principle of amyloidogenesis mechanism
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A& AAA ADE AH3b= AT =85S A&sta 9

"1 AT 27)0l& B-blockerst & 2 FElo| =8 o] &3}
o ofdRolE HAFAY Fx FAE Asiste adsc] &

HA, H2 Az A thekst small molecule®] 453} A
3 A7 FES B e 8F9 33t A S} 3F 9] Fo}
Agole g thd A77t mu HU. 53] o] A
2 8e B2 ARY Y 4T Af3 AP S TR
o As) A1Z F Avhe HolAo] Bauxo] A A 24 A

ol¢} #Hste B AT ADY ARG Ao A%
E B-asarone®S AD X 22 9% T8 EZZ A A5}
e A= 2 BALS T3 e ABY 4 LEur] F4 2
o] wWE oldRol=E Afrgte] wXe &¥E AHHEYC
Asarone> oHZ #7] SFFEZA trans? a-typed cise] B
-type¢]  EASH=U]l  B-asarone(Fig. 1) A% E(acorus
gramineus soland)?] F& Ao 2 I A Utk HFx= A
Qe &ste thdA 229 B EVIZ Jfofd Xd= [
B, B, (LRIE o Z%e] e Aol
In vitro A& o)A B-asarone 4732 A =
42 E2jaH o] frgo] BAHAL o] FERA SIS ?:_1
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Fig. 1. Chemical structure of {3-asarone (cis-2,4,5-Trimethoxy-1-

propenylbenzene).
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1. Amyloid-B42(AB42)¢} B-asarone FHI
Human AB42%} [-asarone(cis-2,4,5-Trimethoxy-1-propenyl-
Sigma-Aldricholl A 943t SFREF AT A= 1
70 ¢ E}O]i/\](tyrosine) ™75 A AlE 20l 7] 238k 276 nm

benzene) =

9] T3z oA 1450 M'em™ 9] molar extinction coefficientS ©]
43 = HFL a9, wekr DMSOe 8412 A
42w o] HHE 53 0.6 mMe FEE A T FA(aliquot)

3l -80C ol A3} T

2. AB42 3} kinetics &%
AB42%E 0.1 M| NaClo] 971 Tris-HCl (20 mM, pH 7.5)%
ol g5t 40 mMO ®:xz A T 37Ce A AH

(quiescent)oll A vl F SFATE Wl FZF 2] AB42E 20 ml &9 A3
3ted 50 mM Glycine (pH 85)d =olgle 25 mMQ]
thioﬂavin-TQ‘r SHA = X3 200 mlE Ho] FUt 55
% luminescence spectrometer(LS-55, Perkm—Elmer)E
04 450 nm2| excitation 710l 482 nm<| emissions

. o] & =29 33 2] HF plottingS E3l| Ap42
3} kineticsE <At

S8

s

3. Transmission electron microscope(TEM)
ABL2 SRAAELS TEM(JEM1010)S o] &3te] #&E e} 5
=0

mle] AB42 A ES carbon-coated copper grid(200 mesh)ol

==
<9 F 2% uranyl acetate(Electron Microscopy Sciences)Z 14
2 g el 24 dAst .

4. Circular dichroism(CD) spectroscopy
AB42 $FAEY 24 F+ZE CD spectroscopy (J-715)2 £
A =t} CD spectras 1.0 nm9] step resolution® 1.0 nm<]
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bandwidth ¥ 20 nm/min®] scan speedZ 1959} 250 nmol| A
0.1-mm pathlength quartzZ ZA =AUt} F 599 scans A
3t H% CD spectras gr3909”.

5. Nl Zuj e

Human dopaminergic neuroblastoma cells(SH-SY5Y,
ATCC number CRL-2266)= 10% fetal bovine serum”} 37}%

DMEMOIA 5% CO,, 37C %722 ujekalgrt.

6. MTT assay

AB42 SRAEY 9 in vitro AXTEHL MTTHS o] &
ato] AT} 5x10° cellsE 96 welldl] B3] 24417 &
T ABR SFAE A LA F7E owg F MIT(I
mg/ml) £ 50 mlZ 7} welld] BF3AT?. o] 2 thA] 443t
Hjok & ujokel S w% Bl DMSO 100 mlE ¥ 570 nmol
A FREE FARAT
7. BAEA &4

Z ARARE 33 o) APE WHESI A& AEE o &
ato] mean + SD. & EAI3FA L, FATA £ SPSS version
14.09] independent t-testg 433}] p < 0.058 FAHo=

Fo4el gl

Aoz Bysdh

2

2 ¥}
1. Ap429] A-53lo] th3l B-asaroned &

AB429] ol 2ol HF&d v X+ B-asaroned] S v}
}8ta2} Thioflavin-T(Thio-T) 2% FFR & o] &3t d9d

o

o}
3 kinetics 48S 33 A3+ Fig. 29 2ok Thio-T 2%
33 AP A 40 M| ABREZT 37CE MFNS A, & 50
AZE Ft HE A sigmoidal 4 FE 9 ofd 2ol HF ¥
do] #F HAJh(Fig. 2, O). Eg 150 uM <] B-asarones 7}
3k A9, obdZol= Mf dAo] 150 pM 2] B-asarones 3 7}3}
2 ke o wlske ov] IA AsjE AFrt ey thFig. 2,

@, p <001, p <0.001). 5] B-asaroneTt< v FE o=
thio-T¢] ¥%o] A9 UehtA] ¥k, 40 ptMe] AR42=2 vt uj
&gk woll Histe on = ztolE HATH(Fig. 2, 4, p < 0.01,
p < 0.001).

2. B-Asaroneol] &3l Ap429] S A

B-AsaroneS 718l 40A)7F i kS AR429] AEIE Ay
Bz s TEM 44 t$t 2= Fig. 3o Yeisich B
-AsaroneS H718HA] 94& 7%, Fig. 2 A9 ABRE 4047t
= TEM &4 ZellA A7 oF 10 nm9] o} Zeol= AfFA7F ok
2 wae whelod(Fig. 3B), 150 yM 2] B-asarones H7+3 74
T, 2L g 21 A, oJd 2ol HiAe A #EAHA &

% T Fel(spherical form)e] & uw FERAET] EA)

e

A
g
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Fig. 2. Fibrillation kinetics of AB42 in the presence or absence of 3
-asarone assessed with Thioflavin-T binding fluorescence. Data
represent the mean + S.D. from three separate experiments. *p < 0.01, *+p < 0.001,
significant compared with A342(40 uM).

Fig. 3. TEM images of (A) B-asarone-induced AB42 oligomers and
(B) amyloid fibrils.

3. B-Asaroneo] 93] FEH AP42 2T a1H 23} X

B-Asarone®] 7 27 A 4047 M F § F4H
L@ an o Fx4 EAS A 98 CD A4S
= Fig. 49} 2t} B-Asaronedl] 93] F=¥ Ap42 &)1
]3] 197 nmolA] minimum ellipticityS H P ZH F2H9
(random) 9] 23} FZE 713 ¢] &= A th(Fig. 4. straight line).
28 disordered structure® Zt+ AB42 E=m (Fig. 4. dashed
line)ol Hla] F2F FA9 FFL& tih @2 Holoh B
-Asarone®] {1o] 40417 v dE AR429] Z$-, 197 nmol A<
minimum ellipticity= 3] AFFA] 2 220 nmol| A9] ellipticity
7} 2718k A& A B-sheet +2E UERY AT
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Fig. 4. CD spectra of AB monomers (dashed line), B
-asarone-induced A(42 oligomers (solid line), and fibrils (dotted
Iine). The spectra shown are representative of five spectra yielding similar results.

4. B-Asaroned] 2|3+ AB429] B4 A A}
AB429)] )3t B-asaroned] E4 As| E3E ZAEH7] 8
A 73op MEZFQ SH-SY5YY cell viabilityS MTT assay™’2 2
A A= Fig. 59 2T} B-Asarone §l0] 8A17F vl St AB42
o 7%, SH—SYSYSL] yzgo] x| o 50%5T(Fig. 5 p <
0.01), B-asarone §lo] 40417t wFSH AB429] 75, AEE0] U
Z79] oF 68%ATH(Fig. 5, p < 0.05). 6}7\]“} B-asarone¥} &7
40X 7t vl F3F AB42= SH-SY5Y S| A& go] thxa9 <F 85%7F
A FEHAL, hxol HIs) FAZHOE o3 Aol & e
A ¥t} 3¥, B-asaroned A 40A)7F wjoFE AB42= B
-asarone §1©] 40A17F w3k AB42¢] Bl Foldt =712 e
WA k(Fig. 5, p < 0.05).
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Fig. 5. Effects of (3-asarone on AB-induced cytotoxicity in SH-SY5Y
cells. Data represent the mean + S.D. from three separate experiments. #p < 0.05,
##p < 0.01, significant compared with control; *p < 0.05, significant compared with
only AB42(40 hr).

g ABel % < ABS % %5}9} ol #dH| itk
ROt RS AB424 Aot 8 AEEAA Bt
o] AERE AB42 A3} kinetics 37, Transmission
electron microscope, Circular dichroism spectroscopy @ MTT
assayE 53l ZAMSA T

Thio-T= Td o] WE-¥F(B-sheet) 72 A¥3t=
B 2AZN, ABRIL FHeE oPUOE PRAE W3
A W Fog o]Folx S17] Wil ThioT 2% 3% &
2 5o oluzol=g FaaAl By & AT AN 40 1M
o AppErt WiFAE Ae, T 50 A st WIFAR
sigmoidal =4 Feje] ofdRol= Hf FAo] AFHANL, ©
o} xF o7 40 pMe] Ap429) 150 uM 2] B-asarones 3 ]-31-
A%, oFdzol= A W40l oJul A ANHA. ol o}
Zol= AA9 B-sheet TX0| SolHoZ A3sl= Thio-TY
833 A 717F A Ul A &E ASE Kol B-asarones Af42
9] B-sheet 7+ AL tu ZAyHog oL gol= HHA &
A w3 AA e 2371 Je Aow FuH gKol, B ‘E
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Ao} - o189
Fo| A A& kinetics HoEE HZ AT Ruggd Ax
SH*) o] Basaroneo] obB o= HA odAlE F3 ABL2e)

=4¢ AT ¢ A

TEM &40 o3t

A kgt

AF A o8, B-asarones 73k
7%, AB2E 40A7F wjk F oldzol= AFAY o
HAQ0}, B-asaroneS H7}E AL, oldEolx A
S A7IGA Ggokar Selan FxAET] EAEAT. <
ﬂA4L4ﬂﬂﬂ°ﬂﬂEHM°i%%l€ﬂ§%
A ATFolA BaE
3Fole 4 919131, B-asaroned A1342«] S2aH P&
A78E A Zel? AP AY. o
3o Aol YXse AEZ B-asaroned]
A As) A7 Ay P

AB42 £H)aH 9 T2 EAS 2] 93 CD
Al33t A3, B-asaroned] o3 FEH Ap42
minimum ellipticityE 2 Y224 randomdt 22} 7=
gl =9 o, disordered structureE Zt= AR42 &
TEH A9 FEE oA $e Holdlh &
o] 40417 vl FE AB429] -, 220 nmoll A ellipticity7} & 713}
of AYHA B-sheet 725 HT o] Ao= Thio-T 349 3
TEM A &) B2 e} A8t H o, o]= B-asaronedl| 23] A
B429] A48 A BPE v Fi.

AB42¢] o &t B-asarone®] 574 A3l AFHE A7) 913
27l MEFQA SH-SYSYY cell viabilitys £33 23, B
-asarone©] §lo] 8A17t Hj ksl AB429] 7, SH-SY5YS] HEE
o] izl B3| FAHSE o] A FASFAL(p < 0.01), B
-asarone $1°] 40417t B 3 AB429] BE-= AEEo] 2T
Hlal oJu] QA ZHA8ATHp < 0.05). 3R Uk, B-asarone® 37
40A17F Hl ket AR42E SH-SY5YS] A& go] o] H3 &
ogh Aol & U A ottt &3, B-asarone $HA| 40A]3F wl
&g AB42+= B-asarone §1o] 40A17F Wi T Apd2el HIEH £-of
& 7 Yl AtHp < 0.05). 5 B-asarone™} 74 40A17F Wi
k3t AR42E B-asarone $1o| 40A)7F Hjokd Ap42d] HlE =4
1 A9 gle A2 eyt o= B-asaroneo] FAE AR &
Zur 2 A 548 gAY A7 Aoz dddEn.
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