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Anti-beta amyloid (AP) plaques formation of bioactive compounds from essential

oils and some Thai indigenous plant for treatment of Alzheimer’s disease
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Abstract

The interest in bioactive compounds from indigenous plant researchs in humans has increased in recents
years, especially for the treatment of neurogenerative disorders such as Alzheimer’s disease. In this study,
the AP aggregation inhibitors of single, mixed essential oils and, extracts of some Thai indigenous plants
were evaluated by means of fluorescence thioflavin T assay. Monocyclic structural features of single
essential oils such as (-)Carveol, y-terpinene, R-(-)-al-phellandrene, and menthol showed attractively high
potent AP aggregated inhibitory activities. Their ICg, values are 12, 17, 24, and 27, respectively. In case of
mixed essential oils, and , tumeric oils, and extract of Glinus oppositifolius exhibited the good activities
(ICs, values 3 pg/mL and and 5 pg/mL). Furthermore, molecular modeling and docking techniques were
used to study binding interaction between each molecule of pure essential oil and AP peptides. The
results indicated that most molecules of essential oil binded favorably on hydrophobic domain of AR
peptides. These obtaining data suggest that these potential essential oils and extract of some Thai
indigenous plants might be able to develop as a valuable ingredient with functional properties for

nutraceutical food supplements using particular for elderly people.
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nguf 1 Gedagtuldidusinmlsndalowes 1iu donepezil waz rivastigmine Ludu udnmsinsany
sundzauvasmafalinvasenslungun 1 89 3 idumsihmfidaiome vhilveanisinsdadudlaii
*~ a ' v a ' § & % { a ' .
waly lutagtiudagaiunmsnamwenlungud 3 fis 6 Gadumsnmfiaungnan lasawiznga Anti-AB

. 1 A s % [ [ & 2’, 1 n:?
aggregation (Jungufinaulalumaiaiduninmlsadalowed nefiwnzaslunguibduasluana

o =] [l

@nuazdalifinatraufsaniaung y-secretase inhibitors Sndae ﬂ?}ﬁ;ﬁum tramiprosate %ammﬂnmag
494 clinical trial phase Il 5’mﬂumﬁﬁqw§3’urﬁmﬂm:mﬁwaa AB [22]

MINaReURNS anti-AB aggregation 91437 thioflavin T assay lagldans thioflavin T Faidusslu
N&y benzothiazole 1% marker ms@ﬁﬁgﬂwvwmﬁmv‘ﬁiﬂ%@mﬁﬁaﬁmmnﬁ@ amyloid plaques ¥ales in
vivo WRE in vitro [23] laglsnann3i5a9ua4 fluoresence Va4 complex ﬁLﬁ@“ﬁgui:%iN amyloid plaques Wag

thioflavin T @1uUn@ thioflavin T & 1815017a complex NU amyloid plaques LaZLAANNTIIDILES
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fluorescence laul#en emission WAz excitation NAMNLNIARULANITLANTAI BIENTNLINUNNINARDY
F1NINLVHINTITLAN amyloid plaques azvhldnnsifia complex 3217314 thioflavin T LLaz amyloid plaques
' ' ' A o Y o ' . T k]
ANRY FINARBAINNTLSBILEY fluorescence TIaNNNTANANTTA WIURAT % inhibition UaE ICy, tasa b
[ 6 a o
2. 7aniszasAzaIn1ive
e . . 4 . o
2.4 neasaunnimIdudInanznguuedlusiiu  beta-amyloid (AB) Taiduangdrdnyvaslia
4 a Qs Qs' Qq: H a QS' Qs { v ‘QV =3
anudFensiiadaloweivasaseangninedinwnaiidumvigniuazasanaf ldaninaiuney
A AD = a o [ 1 a ‘ﬂl v 1 a a’l
snpuszfriuiiosusrialudszindlneswawlitesnii 40 oiia thadudayalunssasiumanilng
Aorndutused insuazsiuyadfrsianu gidunfadmsiomaiudaly
a . . ! Af ot U k%
2.2 AN LULIIaeINILAN interaction SzwINIaITRENENINIITINIWNLIYTAUuaTaesdludaae
a . 4 ' o o o =~ &
3% molecular docking aidudszlomidanswameluddeldluewaalasltarseangndnisdrniniu
L wABULLL
3. MIARBNTIVY

3.1 R13LAULAZLATIN N M I UIRY WRAILANTIIN 1

A A A A Al a o
M13197 1 ’1SAAuazLATaIRaN Ml uI98

aduaziniosdie UIENHEG tzine
Thioflavin T Sigma-Aldrich USA
Trizma base 99.9% Sigma-Aldrich USA
Sodium hydroxide Carlo Erba France
Dimethylsulfoxide Merck Germany
Beta-amyloid peptide American peptide company, Inc. USA
96-well plates Thermo Fischer Scientific Denmark
Micropipette Thermo Fischer Scientific Finland
Microplate reader fluorescence Molecular devices USA

3.2 RIINARAUNGALAUNNTIE

sanasaunlsluuids uudldidu 3 ndu Ae shdunenszinouuLdel (single volatile oils)
U 34 THa INUURDUTHNRUULNEN (mixed volatile oils) 314 8 THA Uaz FIIRNANNNLLN 1UIH
11 190 A9uFAIluanT9n 2

3.3 mim]aamm%?niﬂ'usﬁlmim’wmjumm AB @283 thioflavin T assay [23-26]
3.3.1 M@y reagents ®17 positive control LLazmiazmmﬁamoﬁ DININAFAU
3.3.1.1 MIL@383 50mM Tris-HCI buffer pH 7.4
9 Tris-HCI $72% 1.5142 g azanelwiin 250 mL 9 niindsy pH 1w 7.4 e 0.1 N HCI
3.3.1.2 MILOIBUAIIRZAY thioflavin T (freshly prepare)
LOIBNEIINZAY thioflavin T ANLTUTY 3.14 mM luﬁﬁ mmfuflL‘}J@lmsa:mﬂﬁm%wvﬁ

U501a7 40 pL a3l volumetric flask W@ 25 mL UsULIuN@a28 Tris buffer ANULTNTW 50 mM pH 7.4
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o

= o N ae &
M137191 2 uaasswmananInasaunlluuiseh

fINAFOU Moo
(-)-Borneol (-)-Carveol (-)-trans-Caryophyllene
(+)-3-Carene (+)-Camphor (+)-Linalool
(+)-B-Cedrene 1S-(-)-Camphor 1S-(-)-0-Pinene
Camphene Cineole cis-trans-Isoeugenol
v oL Citral Citronellal Citronellol
PWINWBHRDUILLALY
4 D-Limonene Eugenol Geraniol
LUULR BT
~ Geranyl propionate  Isoborneol Linalool oxide
(34 1%4@)
Menthol Methyl chavicol (Estragole)
Methyl cinnamate Methyl eugenol Myrcene
p-Propylanisole R-(-)-Carvone (liq) R-(-)-0-Phellandrene
Terpinen-4-ol Thymol o-Humulene
o-Terpineol Y-Terpinene
MAURDNTZLAY  NZLWT YT 27 Y azla¥
WUUNEN Wa luwznga Tnsem
(8 TH)
e e & W WAL Teau luzzanu NNNZLaA WNTD2
FIIRNANNNULIWY | e X e X . A
- NNwL WNLUENZLA WNLUE LA RRUN
(11 1%A) -
AINLRI

*PNBAG: NTNBLINUANAGE 70%MeOH 10837 maceration tJuan 24 T3l NIRNA 3 AT

3.3.1.3 MIaBURIINZAY AP
Wwisus1azans AR lusnsazats 10 mM NaOH lsfienauguguvinny 0.5 mg/mL a1n
tudidasnzans AB TaSualdSunas 216.4 UL aswaan eppendorf lENENTazANY Tris TWiWasUSu@s
738.6 uL 2z ldasazany stock 109 AR Aiflanuiduturiiiy 25 pum
3.3.1.4 NM3LA384 stock solution Va3 positive control (curcumin) LLa:miﬂ@aauﬁﬁﬁ’u%am:mEJ
LUDLEE? M URBNTHRILULNEY UAZETETARNARLL
1. 53 curcumin wazazanwlu DMSO Twdanududwsindy 10 mM antwieansdae
DMSO lilanadadulyinny 0.5 mg/mL
2. Toihduneusznenfiaidsiuazazanslu DMSO tialwlednnugugi 100 mM
3. Tainiunanssirrianauuazazansl DMSO wialwldanuitutu 20 mg/mL
4. TissanafTiuiwuazazasln tween 20 $1a% 0.1 mL TS eananazlsy
Usinaslwidu 10 mL telildanuutu 20 mg/mL aniunauuazazanslu ultrasonic bath 3un3z4iians
anaazanenaa 393 lUnsasdas nylon filter 2u1@ 0.45 pum

3.3.1.5 MIAIBURIIAZANLEIRTUMINagauLiadds (screening test)
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1 N UREUTA LU DLAE?
1389198388 stock solution (100 mM) vassinsunenszinesfiaiisdas DMSO 14#i
AMUTUTILYINAL 1 mM
2. iU NI LU NEY
13831981382A18 stock solution (20 mg/mL) Poginiunan T TaNaNdIs DMSO et
Janudutuvinny 1 mg/mL
3. sanaRTAuN
1389198138280 stock solution (20 mg/mL) BasETANARNARTLAI DMSO 194
AMNLTNTWHNNL 1 mg/mL
3.3.1.6 MILAIVUFIIAZAUFRIRTLNINAROUNIAN ICyy
sInasauiduindunousRaLULLED? ideInTWIAN ICs, anaiouliaglugdasazas
$1wan 5 AnuENen lugasanuEute 0.01 — 100 mM fwrsumInageuRdwinT e N TR LU NEY
Ll,a:ﬁl,flumiaﬁ'@N”ﬂvﬁuﬁmazm%ﬂﬂﬁayjlugﬂmiazmm‘hmu 6 AN NTY Tusr9nNNTY 0.001 —

10 mg/mL aauaasluanfi 3

M13199 3 aNuduTwuaIsIInagaunawdilasd plate S1%IURAT IC,,

ANMVTNTURNT ANV NTURITNaFa UL T U

IR VD NAFOUNDWINNY  NONTUROLUUNFNLAZNLTUENIFNG

v

R1IINORDU J4RENRIAN S IR u’?{m Nvﬂﬁ%ﬂ"]%
(mM) (mg/mL)
1 100 10
2 10 5
3 1 1
4 0.1 0.1
5 0.01 0.01
6 - 0.001

3.3.2 TuAEUMINATOL

3.3.2.1 Duaasazany AP $9%a% 9 pl uaz 1 pl v89 DMSO adlu 96 wells plate 1wgnlwian
fudadrordasay plate 14l incubate 7 37 °C luifaidwnan 48 salus mavinludadisaiin free
aggregation 183 AP (Fap)

3.3.2.2 fidamsazanofidu positive control ssnasauidwidunausmeuuuLdsussuuy
N SINTIENTAZANBESENa AL (Fs) UIunavaenens 1 uL aﬂumiawqmaa 96 wells plate L&
f3azaney AP 3wIu 9 UL 113U sample blank (Fg,) Usznavely a1vazany positive control en)
fINZAVAIRIINAFOUUTUNAT 1 pL Tris UWiWa3UTuNas 9 Pl &1%31 reagent blank (Fg,) Usznauedae
DMSO U331@3 1 pL Tris UniWaiUiunes 9 uL MINAFRBUETINNG 39079813 control W&z blank nnoiia

Tvinanua 3 61 wasandidassaslu plate anungudsgitouiosud winliidrnudediodhaney
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plate 4111 incubate 71 37 °C lufifiaiduiian 48 T7lus aiuanuIduTugaevassTnasau nlinien

ICs, UANAILFAILUATN 4

A3191 4 ANUTUTUFAYNLVITNINARAUFMTLNIAT ICq

AN NTURT ANV NTUFIINARDUNLT U N

F1IRZANLVBY NOROLTLIWINNY  RONTTALLUUNINLAZNLDWaNTanNa

R1IINORDU HRaNUITIAYLLLL L(?IIEI’J N‘"ﬂﬁuﬁm
(mM) (mg/mL)
1 10 1
2 1 0.5
3 0.1 0.1
4 0.01 0.01
5 0.001 0.001
6 - 0.0001

WaaTuMmumnuaIan 96 well plates Ma3ouluds 3.3.2.1 uaz 3.3.2.2 TWidn 200 pL vas
sN3azan Thioflavin T AdAMUTNTY 5 pM uaziadimIganauuisaWgaalssdudauInan excitation
1 446 nm WAz emission 71 500 nm ﬂ']iﬁﬁmmml,ﬂai‘lfﬁu@?ﬂ'ﬁﬂ'uﬂ'\‘imil,m:mjwaa AB INInFIUWITALG

AIRNANTN 1

% Inhibition = [1—%} L1010 I (1)
ap— FRb

Tagd
Fs = ANMIQANABLEIUDIENINAROY
Fgp = mmi(ﬂ@ﬂﬁmmwad sample blank
Fap = ﬁﬁﬂﬁig@ﬂﬁuLLﬁdmad free aggregation control
Fro = @hmig@ﬂﬁmmwaa reagent blank
fwsUAn ICs, sunsow ldanmissuaimlaslslysunsa prism version 4.0 Faduns plot
izmwmmaiﬁuﬁmiﬁurf‘mm,m:mjmaa AB Uaz 1 log 28IANLTNTY

3.4 M3An¥ binding interaction @28 molecular docking

3.4.1 mynalassaiaesmsnasauMduindunouTsMELUULA 81 34 62 uas curcumin Tl
positive control lag/llisunsa Sybyl version 8.1 nadanyiliidulaseasromaaiuuy 3 §& vinnsdsu
conformation lﬁﬁwﬁ'\‘imuﬁﬁqw I@Ulﬁﬁﬂﬁ’l\‘i Gasteiger-Huckel LLa:ﬁ?‘im gradient vl,i"ﬁl 0.05 kcal/mol

3.4.2 M3.a3uu AP target ¥ildlae download AB,., (PDB code: 1Z0Q) 910 protein data bank ¥in
muidulalasiauuazlszauuy Gasteiger charge LLazLﬂﬁisu‘lﬁaglugﬂuuﬂw&ﬁﬁmuaqmﬂu pdbgt
anudey nanuaiinlaleslslysunsy Autodock version 4.0
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3.4.3 M3 validation V84 Autodock parameter
faufiazyin docking tWBANHINILAA interaction VBIENIUARTAANY ARy, snduazdaanien
parameter Mnunzay G9vinlalasasen grid parameter ’Lﬁmamqmﬁmwmaamm: AB., Golufiftazld
curcumin %GLﬂu positive control W HANT LRZHIAN docking parameter ﬁmmmu ﬁdf:
Grid parameter:
-Number grid points in xyz = 120 x 70 x 70
-xyz-coordinates = -2.381, 1.819, -6.527
-Spacing (A) = 0.5 A
Docking parameter:
-Number GA run = 100
-Number of individuals in population = 150
-Maximun number of energy evaluations = 2.5, 5, 10, 15, 20 M
NARINNNIYN validation W89 Autodock parameter laeld curcumin {UAILNUNLTIN SNBUSANTIV
$7WI% Wazen binding energy a9 curcumin LLANANAIWIN NN LA NSINUALT UATINSIH 5 M
cluster 711 Hanwuandsvasawasnulandunii custer 72 Talan aougasluaned 5 aoin
parameter filvanzaultlunmmanasnssiiae
Macromolecule PDB code: 1Z0Q (residue 1-40)
Ligand (81nawad): k1-k38
Grid parameter:
-Number grid points in xyz = 120 x 70 x 70
-xXyz-coordinates = -2.381, 1.819, -6.527
-Spacing (A) = 0.5 A
Docking parameter:
-Number GA run = 100
-Number of individuals in population = 150

-Maximun number of energy evaluations =5 M



17

M1319% 5 LEAIAT maximum number (M) fllun3vin molecular docking

binding
energy (M) cluster % # H-bond amino acid
energy
25 1 31 -5.66 3 Glu11, His14, Lys16
& 1 29 -5.87 3 Glu11, His14, Lys16
10 1 31 -6.05 3 Glu11, His14, Lys16
15 1 31 -6.09 3 Glu11, His14, Lys16
20 1 32 -5.9 2 Glu11, Lys16

¢
4. HANINARDIUALIVITHRNANIINARDI

3 o & ' [ Aa . .
4.1 NMINAFAUNNINITHULINITLNIENANYD AB @]'JEJ'ZI% thioflavin T assay

mﬂﬁvlﬁﬂdﬁﬂ%‘ﬁﬁfﬂﬁﬁ‘ﬂmmazmgleaﬁ% thioflavin T assay MSAANTLIBILES fluorescence
\iaidalatanavad thioflavin T sunuldsén AR Aiiansimznguniuwiouiaoud ldsdumeianiazliay

Imaqamaa thioflavin T zﬂﬁ 1 menavl,ﬂmiﬁamm fluorescence U84 thioflavin T

© ) _
A HsC cl AB peptide monomers AB peptide aggregate

\ @ B O O
O~ O
HaC S CH, o] B
o Fo e

311 1 A = luianawed thioflavin T B= waasnalnn1siasuadzasd thioflavin T lunsnaewn O = thioflavin T laanatde

@”\‘iﬁfumsmaaﬂ@mmms]'u{]'aﬂ'mmzﬂ@;maa AP 'l¢ 9z1fia fluorescence lathas annMInasay
FITNIRNATIWIY 53 TR LUIDH BUWRONTURUBUDLADITIUIN 34 THA BN WRONTRAUBUUNTY

F1U% 8 THA LAy RFITFNANNWILIUIIWIN 11 T VL@TN&@”@LLa@ﬂugﬂﬁ 2 3 WAL 4 NIAU
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Single essential oils
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[e41D
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Mixed essential oils

a

e

@

TadbnaNTMETRANTY S1WI%

WINBADUICL WU TUALA T ITWIN

=93.22% * 2.64

I T I T I T I T E
&7
£

a
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o

wluzeny,

AR a3 INasay

O]

AR va3aNINazaL

ﬂQNmaa
Z

a.

NNV

o
o

ANIIBUULIVDY curcumin

= 3)
ANIYUYINILNANITILNN

a

AMIUgINIAanITtM

RLLREU

@
o

o
o

Levizu

% Inhibition
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ANTEUEIVd curcumin

9

3)

100 pg/mL (mean£SD, n



19

% Inhibition

100

90

80

70

60 -

50

40

30

20 I
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Extracts of some

0 I I | I | | I | | I

Thai indigeneous plants

[ < =4 [ =z [ < I3 T o
= @ & & < = » og = § <
S 3 < B e = = a e oy &
= & 3 = K= = a5 = = &
= = Frs = = — =
= < = N =
— Ed o<

{ . o & a . { o & o o & a d
Eﬂ‘ﬁ 4 mmstmmsm@mﬂm:ﬂ@wao AB fpirnInagauNiduansanavasNswniw STwunsnua 11 sha NN

Wi 100 pug/mL (meantSD, n = 3) fNN3HULIVAY curcumin = 91.55% * 4.18

A o & ' % ' Y = A o

IANNIINANDI mimaauwmmmmummnmxmgwao AB "lmmﬂmw 45% Vl,ﬂgmaamwamm

' ¢§ A o 3 a [ d' :’ et d' o a
W6 IC5, TINTIWINNIRNA 32 Tha widdu srasouNdwindunaNIzMeLLULas? 39%I% 17 Tia
laun (-)-borneol, isoborneol, camphene, (+)-camphor, (-)carveol, (-)-trans-caryophyllene, citral, eugenol,
cis-trans-isoeugenol, methyl eugenol, geranyl propionate, D-limonene, menthol, R-(-)-a-phellandrene,
p-propylanisole, y-terpinene, thymol a1 nasauiduwsindunansziouLuUNay 11K 6 vha laud nve
w1 nieme 90 afin wy luwznge weranmmeseuidussananndziutiu 1w o oila leun

LAWY TLAN WANZLRA WNDU HNWIBLN HRLDeNse ReuA %quﬁ RINYRI

A137491 6 UFAIA IC5, VBIFNTNAFBUNYI 32 Tiha JUN 5 UAT 6 ULFAIAIMIEULHINMIMENGNVDI
AP v INaga UL W WANTTMELULLAYY LazRIINARAUNITWINTURaUILRULLUNFULAZRIIFNA

NTANUL% aNEAU
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AN 6 LRAIAT ICs, ﬂ’liﬂﬂﬂldﬂ’limﬂtﬂq&l’ﬂa\‘] AB VAIRIINAROL IUIU 32 TUA

#1snaday IC_, (uM) #snaday IC_,(1g/ml)
(-)-borneol 279 NIELWIN 39
isoborneol 286 nIegy 10
camphene 47 907 28
(+)-camphor 513 mfllu 3
(-)carveol 12 Wy 80
(-)-trans-caryophyllene 228 luuzﬂgﬂ 429
citral 35 LA 40
eugenol 770 TEON 242
cis-trans-isoeugenol 329 NNNZLAA 163
methyl eugenol 33 ﬁﬂ‘f‘ﬂ’ad 5
geranyl propionate 1386 Iﬁ'ﬂ‘mwuﬂ’l 63
D-limonene 203 fnidemeia 97
menthol 27 G 15
R-(-)-0.-phellandrene 24 VRN 45
p-propylanisole 413 WA 21
Y-terpinene 17 Curcumin® 0.77
thymol 100

*Positive control
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311 6 ¢ IC,, BRIMIHLTIMAAAMIIMEnguTas AR PBIFNTNARAUNM DU N URON TR LU LN RN LR TINAN TN UL
FAIIUNIRNG 15 Tha

mnNami'ﬂ@maaah%%’umﬂumjuﬁm”umm:mmmuLﬁmwmfn (-)carveol L ua 3NN I1Cs, ot
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Whiu 3 uM dwmsussnasaulunguansanaiaAuiuniien IC, dfigada {ndvs dewriniu 5 pm
nnuaaInNuFEINUTIznIvd e T FudmIdusImIimzngues AR uazanuduTY vaimINaFay

o Aa a% {
UWINANEa usaslugun 7

504 A 90 B
-
45 o
804
-
404
- L]
8 s ™
5 =
2 2
E 35 =
£ £
B 2 604
30+
504
25+
20T T T T YT T T Ty T, 40T rTI— T T T T T TTT——TrT.,
10° 10" 102 10° 10  10°  10° 107 10° 10" 102  10° 10* 10° 10° 107 10°
Concentration of Carveol (nM) Concentration of Terpinene (nM)
65+ C 801 D
704 -
-
55+
c
2 s
z S
z 5
[ L
o ]
® = 50
45+
L)
404
L - L
35 vy oy vy -y Yy vy vy
10° 10" 102 10° 10  10°  10° 107 L e —

10° 10" 10% 10° 10* 10° 10° 107 10°
Concentration of compound (ng/mL)
Concentration of compound (ng/mL)

= v o g . ' f & ¢ o & ' v @
3‘]]7]7 ﬂi’]wLLL"T@Gﬂ’J’]Nﬁllwuﬁizﬁ'.]’]dﬂ'lLﬂaiLsﬁu@]ﬂ'ﬁU‘UUGﬂWiLﬂ’]ZﬂqﬂJ“ﬂad AB LREAMULVNYY VRIRIINGFAU A =

(-)carveol B = Y-terpinene C = i1 D = {NT279

R S A { . ia_ o &
L;Jawmsm’lmﬂg@lﬂmam’lwaamimaauluﬂqumwumm:mslu,uuLﬁmwmﬁ msﬁuqmﬂum
ﬂ’]im’lzﬂﬁjwuad Ap 166 azdussndlassasramaadiidu unsaturated monocyclic molecule L% Y-
terpinene %38 R(-)-a-phellandrene Afilassairaidu unsaturated monocyclic alcohol Lo (-)carveol %38
. ' LY Aao . P a%e A
saturated monocyclic alcohol L% menthol Liuew 13N danemeidn monocyclic alkene AN NIUBEAD
Aa o 1 1 1 = nf‘; [} .
limonene mi‘ﬂ@aauwmaLuwﬁulﬂumuﬂizﬂaumulmy’«a:uq‘Yl‘ﬁm LD menthol p-propylanisole %38
(Y Aa o o . . ' . a P~
eugenol gnNLI% methyl eugenol §INARDUNUANM ML unsaturated alicyclic LT citral ’«J:&Jﬂ“{lfﬁ(ﬂlumi

o & ) & % & { o o Y ) '
El‘]_IElxiﬂ’ﬁLﬂ’]Zﬂ@l&ITa\‘i AB uanuuﬁqwﬁm mummiﬁﬁmﬁwﬁu%maﬂmamw L"]J'%ﬂqw saturated LLae

unsaturated bicyclic molecule
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J 6

fniuamasevlunguihdunenszinoununauidoniangade aiu e 1Cs, AL 3 pg/ml

NIhanaLd

:‘ e a ¥ 1 . . -& kg . .
wnNzihdusiedlaiulsznauved curcuminoid T9UsTNaUAIY curcumin demethoxycurcumin

. . = aa e & : va -
ILRe  bisdemethoxycurcumin 1agLanie curcumin snaLﬂumsmqwmummnm:ﬂqmaa Ap l@@ann a4

lunmsnaaasitlals curcumin 1w positive control @ wTUaNINaFaLNTUFITERAAINENN UL UNLN

=R

o & @ o & ' va A A A @ a %

Andpslidnsgugimainmznguaas AR lddngadadien ICs, iy 5 pg/mi hasandaliddoyavas
>3 { 1 o Qo dQ/ Q ] a dl o v Qs =3 dQ/ Qrd { v

ssdayidududsznaunanludinders Sadalimansnaduomeuanviliasanasiiaiioniafgeld

3UN 8 usainTanuFuRUSIzn I slefidudmIduiimamznguues AR uazanuduTn v093iu

WYV LA curcumin ANNEIAU
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gﬂﬁ 8
9% B = Wn2V39 C = curcumin
4.2 N3ANIN binding interaction @28 molecular docking

{391 o'lal

4 v v o o ' . A ' v a o & .
Walwignlamssunuszniamesaunaz AR peptide T9azdinalwilianisguny AP aggregation

Tinakan1y molecular docking laglalisunsy Autodock version 4.0 @nmIuuUIIaEINTLAG
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interaction szwinssInasauidn oil Hina 9 waz AP peptide (luiaauuy 3 J6) AFswIunIaazilu 42 @
@3 download l¢a7n Protein data bank (PDB) luiaauuy 3 H&ues AR peptide filg@nmnluasand pdb
code ﬁa 1Z20Q luﬂ'liﬁm:nL?Iwﬁuﬁﬁﬂﬂﬁiﬁﬁﬂﬂﬂwiﬂidaiyﬁdﬂlada’l‘i‘l’l@aammuaadﬁa "U']ﬂﬁ?/%ﬁqlﬁLf]%ﬂ']N
& wazwn conformation ﬁﬁ@hwﬁamm‘hﬁq@ vanuaitasldlisunsy Sybyl version 8.1 gﬂﬁ' 9 LAA

13983199 TV IR INARDUTLD WIN AU RN TERULUULABILET curcumin

N831NN137I docking wmwmsmaaummum binding energy lauandrenuunniin mwvl,ﬂa

U

w14 -5.13 - -3.15 kcal/mol ‘mu curcumin Gﬁ\‘m’mmmflu positive control e binding energy (ﬂ’lq@agﬁ
-5.87 kcal/mol W& docking 18481 INARAUNLIINTUABUTLALULLLLALILAZ curcumin LEAILH A131971 1
AANWIN
A ' ' = P ' ) A o v a . '
asnasnasevsulngiduansluanainuazing polar oy wisivhliifa interaction 3zwing
813uaz AP peptide saulnaidsiiusiia hydrophobic interaction waniwa1adl dipole induce dipole, dipole-

dipole, L@z hydrogen bond interaction A

- @
% * <o T e

)-Borneol ) trans- Camphene  (+)-Camphor -)-Camphor (-yCarveol Geraniol
Caryophellene

\
H \
S c YR FREUSGS SN,
) 7 = /) =
o = X
(2 ) = [e] OH WOH W

S-()-o-Pinene  R-(-)}-o-Phellandren Methyl eugenol Methyl chaviol Eugenol Isoeugenol Linalool
5 W W
Myrcene Citral
D-Limonene Menthol Methyl cinnamate y-Terpinene Thymol
o] e} &
93 o
- @. ALt
(Z < W
" a-Terpineol
-)-Carvone )
) Cineole Citronellol a-Humulene (+)-B-Cedrene
Citronellal
o
e SN
@ W HO
A 0 = o
- - - -propylanisol
(+)-3-Carene Geranyl propionate Isoborneol linalool oxide p-propylanisole

HO OH
(E) (E) O
?WO .

curcumin

2‘].]“?] 9 meimaa‘{nLL‘uuaaoﬁ@‘i"uaqmsmaauﬁlﬂuﬂwﬁ'mamzmmmmﬁm WA curcumin
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INNLBNUNUIIM AN IMENGUVY AB Nanwmziiln B sheet Fafialdns 2 wunde parallel
LAz anti-parallel Tagtfianis inter- wae intramolecular interactions FIUNUIEIATYYUK AP peptide fvnldifa
msmw:ﬂa‘]’wﬁmawaa AP usisleidn 2 uSiaas AouSiame hydrophilic region @A amino acid sequence
Asp23 — Lys28 (D23 — K28) ‘lu"ﬁ’sﬁ%uﬁ@ hydrogen bond interaction L&z dipole-dipole interaction UTLITk
hydrophobic regions 1éun amino acid sequence Leul17 — Ala21 (L17 — A21) e Gly29 — Met35 (G29 —
M35) (gﬂﬁ' 10) USannaniassaLn binding site ﬁﬁm”tyﬁlf*ﬁ’lumsaammum‘sﬁﬁm%‘ﬂ”uzfamsmw:mju

224 AR lapasfisnaniniuny AR fivnaainandidudumilingusinaumengu AR 1d (21, 26-28]

Fibril Axis vag” \
"odd"end O 4

gﬂ‘ﬁ 10 (A) UWRAINIW side view N13LAA intermolecular interaction Ua4 salt bridge (ﬁg\ﬂ‘ﬂiz) 3¢9 amino acid residues
D23 uaz K28 (B) WAMINIW top view lauaneaIdwiugas P-sheet uazjuadufinmuaasfianiumznguniuiu secondary
structure l@g amino acid side chains m‘a‘Lm:ﬂQmLﬁmLﬂuﬁ@hd G]ﬁ'u fa hydrophobic, polar, negatively charged uaz

positively charged waadidud wdad, Won, uas waziduwausay

it lansaanudIthodu Nﬂﬂ’]iﬂﬂﬁﬂut}“flfgfﬁiﬂ‘mﬂ{m’ﬁm”l:ﬂ@;wllad AB pa3g1INagauidu oi
s saudiansmslassaimaedldidu 3 nguAe mjuﬁ'ﬁé‘ﬂmmuﬂu unsaturated WAz saturated
monocyclic ring 'leln (-)carveol y-terpinene limonene %38 menthol ﬂéuﬁﬁd?uﬂizﬂaumaa’mmu%u LU
thymol methyl eugenol %30 p-propylanisole LLa:mj&JﬁLﬂu unsaturated alicyclic léun citral 1udn

V5134 binding site 184 AP peptide AITUALUININAROU saulngjagflugag amino acid sequence 10-
19 283 AP peptide Sorduzae hydrophobic regions ﬁ’]iﬁﬁt}ﬂ%%]‘ﬁq@ﬁa (-)-carveol §1%IU binding
interaction LN@31N hydrogen bond izwj’lmyj OH 284 (-)carviol AU Glu11 (hydrogen bond acceptor) %38
Lys16 (hydrogen bond donor) uaﬂﬁ]’mf:ﬁ'\‘.ll,ﬁ@ dipole induce dipole Lz dipole-dipole 3¢%3149 —OH V84813
AU GLU11 138 Lys16 aneag (gﬂﬁ' 11 A 18z B) &1M3U y-terpinene sa3030dv U518 hydrophobic
LLRZ hydrophilic regions M3V BT hydrophobic i?&l‘ﬁq':‘i dipole induce dipole Lﬁaomnvl,ajﬁdmmm
=AUl AT (Eﬂ‘ﬁl 11 C uaz D)
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Eﬂ‘ﬁ 11 n1347ia binding interaction W39 AB 142 A A) (-)-carveol LLiJ‘iJ‘ﬁ 1, B) (-)-carveol LLiJ‘iJ‘ﬁ 2, C) y-terpinene ‘ﬁl
13120 hydrophobic region, D) v-terpinene ﬁU?L’Jm hydrophilic region

lunsdlvas camphene azwuinlassasnabidaIuvas polar group ¥inl binding interaction Afadu
W hydrophobic W8z dipole induce dipole interaction NU amino acid W89 Glu11, His14, GIn15, uaz Val18
AURIA (gﬂﬁ' 12A) §M3U citral G9saiin unsaturated alicyclic compound suldafusImlnaiAsery
curcumin afianadwnmzdsnsas dusnosnindeuin nifiezifie H-bond 331319 O B89 —C=0 a3
citral NU His14 uamfmzl,ﬁ@ hydrophobic interaction AU Glu11, Val12, His14, GIn15, uaz Val18
@NEAL LAa dipole induce dipole NU Glu11 Waz Val12 (gﬂﬁ' 12B)

31]‘?1 12 MA@ binding interaction 3¥%#314 A[3(1_42) A A) camphene, B) citral
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lunydluas methyl eugenol wWaz eugenol S'fioﬁi”@LﬂumﬂunQuﬁﬁaoww’fjmﬂud’mﬂi:nau s
binding U89 methyl eugenol 2zLNa hydrophobic interaction 3:#319813NU AP peptide DEUNIS Tyr10,
Glu1, His14, GIn15, uaz Valtg (U7 13A) luamieil eugenol Ssilandiiannin msdurv AP peptide a2
wanend lidnitas quq‘:‘lf:LW'i’IzmiJj OH a4 eugenol AzL1a hydrogen bond lasifia hydrogen bond donor nu
Asp7 Waz hydrogen bond acceptor NU His14 (Eﬂﬁl 13B) N13LAa hydrophobic interaction AAANVEULAUS
Asp7, Glu11, His14, uaz GIn15 uay AP peptide &1%3U citral N13LA@ hydrogen bond \Aaduszning O vay

i C=0 28983NU H vaany NH lu His14 uantuazld hydrophobic uaz ion induce dipole interaction

Eﬂﬁ 13 m3Aia binding interaction 3x%314 AB(1_42) AL A) methyl eugenol, B) eugenol, C) citral

§w3u curcumin MEidu positive control lun13711331 ﬂ%uﬁwui’lﬁ’liﬁ’lﬁﬁ’m’liﬂF_Iwuiﬁﬂﬁil,ﬂ’wﬂ@:w
209 AR 6 90% fiAnututu 100 UM wazaInMIANHUULINRaINTILfia binding interaction 3x#ing
curcumin LR AB(MZ) @18 molecular docking wu’hmwyﬁﬁlﬁm binding energy @‘iﬁqwﬁa -5.87 kcal/mol
uaz tiesanidumsidluanavmalngnitamassuuasidulsznavvaslassairamsaiiuoy
aromatic, alicyclic, LLa:%yl'ﬁlmmimﬁﬂ hydrogen bond 1u§ﬂﬂmzﬁLﬂu dimer vil#iAa binding interaction
la@nu AR vstimilElunssuledun Glu11, His14, Lys16 azifia hydrogen bond niUwa enol, methoxy,
WAz hydroxyl MNAIGURIUTEY Glul1, Val12, His14, GIn15, Lys16, Val18, uaz Phe19 azifia hydrophobic
interaction U&7 non-polar W84 curcumin WAz amino acid Glu11, Val12, GIn15, His14, uaz Lys16 £
801301 dipole induce dipole W& dipole-dipole interaction 028 Eﬂ‘ﬁ' 14 U&AINIILNG binding

interaction W89 curcumin U AP 4,

31U 14 n13ifia binding interaction 339 AB 4y MU

curcumin
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5. dyduanimaaag
ao Ao & ' ° A '
NNMIINITE MANIINaFaUNFIULIMIIMENNad AP BadaTnaFaud WL 53 Tika wiain
INUBRBUILRBULLLALY 3112% 34 THA 10U RONTLABULUNTN $14% 8 THA WaTRIIENANTABLY
Fuau 11 7ila anmanaseuwuihamesevlunguindunanszinunaeI NG 1, liifiu 50 um 4
ninue 7 5ha Aa (-) carveol (12 uM), y-terpinene (17 uM), R-(-)-a-phellandrene (24 uM), menthol (27
M), methyl eugenol (33 pM), citral (35 uM), camphene (47 uM) &nsusIINasauNidwidbnauIzing
v ™3 Qq/ Qf { 1 ] Qs o Qs Qs g v 1
wunRaNnud iduanaiu Sgniangalasden ICs il 3 pg/ml dmTuasanaanATAutiuw i
o X 2 A , , @ o o o . Y o
AN9279 fgndangalasien ICs, il 5 pg/ml uazanmsdnsuuudIaaInsIuAUIzAIg ihdunas
A o v ad . 1 1 1 o Ao, o a =2 =
FTRBULULALIND AB,, #2835 molecular modeling wuin asaulngazsunaiaunsaaziils 10 9 19 o9
WJuuILIth hydrophobic  domain @hwé‘wwuﬁiﬁ%é’amnLﬁ@msﬁuﬁ@hagﬂuﬁw -3.15 - -5.13 kj/mol
o Qs A { 1 { 1 :' e a { 1 Qs Qs v
§M3U () carveol Fuduminden ICs, ANgalunguiniunanszivasiiaiainuii azdunuldsdu Ap ld
2 WU WUV 1 U Lys16 aauWusy lalasian Wikse hydrophobic 459 dipole induce dipole Waz 139
dipole-dipole 3UNU GIn15 Phe19 @18WWD2 hydrophobic 9UNU Val12 @833 dipole induce dipole  WUU
1 2 @8 JUNU Glu11 druwuszlalasian Wise hydrophobic K&z w34 dipole induce dipole #aNHUITILNL
His14 @28WWD2 hydrophobic a2 GIn15 @28WHD2 hydrophobic L&z W34 dipole induce dipole
nalapasy nnuitsduinud daslunguisiunesssmopsdmaiiduunnifoiuaz uuy
o & ' v A o o A X o A K v Aad
NN ARInguSIMTNenguued AR ld wdpinusssnaandiutinuueziia Saduuwiliundnae
o & a A ¥ o A o o & 4 . = A
wawaITraiiduensiasuinedesnuniasnuenlinea lmwesde b luauraa agrelsianalsi
= 1 a A (2 & =3 . . A A C%
msdnsnytnias neuronal cell 1naNuduisngnnIzdulan AR Maunamsdnmlu in vivo 1Nadudu
le kg L 3 o v $ L L 1 4 LA Qs Y
anddald wenanigimaninihdayanldlunamluanavasndmlniivaldinmlada louailadalulu

WG
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A13199 1 LRAINA docking VassnINagaudwindurauIzlRaLULLALT WA curcumin

dipole induce

Chemical cluster % binding energy  # H-bond H-bond hydrophobic dipole dipole-dipole
GLU11, HIS14,
(-)-Borneol 1 49 -4.05 1 GLU11 (0) GLN1S - GLU11
(-)-trans- GLU11, HIS14,
1 -4.77 - - VAL1 -
Caryophyllene 68 8 GLN15
GLU11, HIS14,
Camphene 1 90 -3.89 - - GLN15, VAL1S GLU11, GLN15
VAL12, GLN1
(+)-Camphor 1 100 -4.07 1 LYS16 (H) GLN15, LYS16 LY,SGl 6 > LYS16
S-(-)-camphor 1 99 -4.07 1 LYS16 (H) GLN15, LYS16 VALlLZY'SGlléNlS' LYS16
GLU11, HIS14,
1 42 -3.74 1 GLU11 (O) GLN15 GLU11, GLN15 -
(-)-Carveol GLN15, LYS16
3 42 -3.53 1 LYS16 (H) ! ’ VAL12, LYS16 LYS16
PHE19
TYR10, GLU11,
Geraniol 2 23 -3.63 1 GLU11 (O) HIS14, GLN15, ASP7, HIS14 GLU11, GLN15
VAL18
. GLU11, HIS14, GLU11, HIS14,
S-(-)-epinene ! % 413 ) ) GLN15, VAL18 GLN15 )
R-(-)-a-phellandren 1 90 -3.83 - - VAL18, GLU22 - -
TYR10, GLU11,
Methyl eugenol 1 43 -3.84 1 - HIS14, GLN15, GLU11 -
VAL18
. GLU11, HIS14, HIS14
Methyl chavicol 1 56 -3.46 1 HIS14 (H) GLN15, VAL1S GLU11, GLN15
ASP7 (0), ASP7, GLU11,
1 52 -4.15 2 HIS14 (H) HIS14, GLN15 GLU11, GLN15 -
E
e 1 8 -3.95 2 ASP7 (0), (?LSLIJDZIlT:T;l(Z ASP7, GLN15 HIS14
’ HIS14 (H) ! ! ’

GLN15, VAL18




A19191 1 (d9)

dipole induce

Chemical cluster % binding energy  # H-bond H-bond hydrophobic dipole dipole-dipole
GLU11, HIS14, GLN15,
2 24 -3.81 1 GLN15 (O) VAL1S GLU11, HIS14
Isoeugenol 7 33 -3.66 1 - GLU(];'I:},'\I\{?L\lli'LT;:M' GLU11 HIS14
GLU11 (0), ASP7, TYR10, GLU11,
1 14 -3.7 2 ASP7, HIS14 LN1
3.73 GLN15 (H) HIS14, GLN15 SP7, HIS G >
HIS14 (0),
HIS13, HIS14, LYS16 HIS14, LEU17
2 23 -3.59 3 LEU17 (H), ! ! ! - ' !
Linalool VAL1S (H) LEU17, VAL18 VAL18
TYR10, GLU11, HIS14,
3 38 -3.54 1 ASP7 (0) GLN15, VAL1S GLU11 -
1 51 -3.81 - - HIS13, HIS14, LYS16 HIS14 -
D-Limonene GLU11, VAL12, HIS14,
2 37 -3.74 - - GLN15, VAL1S GLU11, HIS14 -
VAL12, GLN15, LYS1
Menthol 1 55 -3.96 1 VAL12 (0) ~ >, Y516, LYS16 -
PHE19
. TYR10, GLU11, HIS14,
Methyl cinnamate 1 68 -4.05 2 HIS14 (H) GLN15, VAL1S GLU11 ASP7, HIS14
TYR10, GLU11, HIS14 ASP7, GLU11
M 1 -3. 4 _ _ ’ 7 ’ ’ ’ -
yreene 83 35 GLN15, VAL1S HIS14
PHE19, PHE20, ASP23,
Terpinene 1 22 -3.42 - - VAL24, LYS28 PHE19, PHE20 -
HIS13, HIS14, LYS16,
2 45 -3.41 - - LEU17 HIS14 -
VAL12, GLN15, LYS1
Thymol 1 53 -3.84 1 VAL12 (O) s GLN15, LYS16, LYS16 -
PHE19
. GLU11, VAL12, HIS14,
Citral 2 49 -3.70 1 HIS14 (H) GLN15, VAL1S GLU11, VAL12
14, LEU1 L1
(-)-Carvone 1 45 -4.27 1 HIS14 (H) HIS14, AtJA27i VAL1, HIS14, VAL18 HIS14
. GLU11, HIS14, GLN15,
Cineole 1 48 -3.80 - - VALLS GLU11 GLN15
Citronellal 2 43 -3.45 1 HIS14 (H) GLULL, VAL12, HIS14, GLU11 HIS14

GLN15, VAL18




A19191 1 (9)

dipole induce

Chemical cluster % binding energy  # H-bond H-bond hydrophobic dipole dipole-dipole
ASP7,TYR10, GLU11,
1 14 -3.38 1 ASP7 (O) HIS14, GLN1S, VAL1S GLU11, HIS14
. TYR10, GLU11, HIS14,
Citronellol 4 15 -3.21 1 GLU11(0O) GLN15, VAL18 GLU11, HIS14
TYR10, GLU11, HIS14, ASP7, GLU11,

6 15 -3.15 1 GLN15 (0) GLN1S HIS14 -
a-humulene 2 60 -4.65 - - GLN15, LYS16, PHE19 VAL12, LYS16 -
(+)-B-cedrene 1 92 -5.13 - - GLN15, LYS16, PHE19 VAL12, LYS16 -

HIS14 (0O), LEU17 HIS14, LYS16, LEU17,
1 7 -4, HIS14 -
3 09 3 (H), VAL18 (H) VAL1S8, ALA21 S
a-terpineol
GLU11, HIS14, GLN15,
2 36 -3.60 1 GLU11(0) VALLS GLU11, GLN15 -
HIS14, LYS16, LEU17,
(+)-3-carene 1 62 -3.89 - - VAL1S, ALA21 VAL18 -
. TYR10, GLU11, VAL12, ASP7, GLU11,
geranyl propionate 1 33 -4.50 1 HIS14 (H) HIS14, GLN15 GLN1S -
3 55 -3.77 1 LYS16 (H) GLN15, LYS16, PHE19 GLN15, LYS16 LYS16
Isoborneol

1 40 -4.07 1 GLU11(0O) GLU11, HIS14, GLN15 GLU11
. . GLU11 (0), HIS14 TYR10, GLU11, HIS14, ASP7, GLU11,
linalool oxide 1 36 -4.00 3 (H), GLN15 (H) GLN15, VAL18 GLN1S HIS14, GLN15

. GLU11, HIS14, GLN15,
p-propylanisole 1 53 -3.49 1 HIS14 (H) VAL1S, GLU22 GLU11, GLN15 HIS14
GLU11, VAL12, HIS14
. GLU11 (0), HIS14 ’ ’ ’ GLU!1, VAL12,
1 2 -5. LN15, LYS1 L1 14, LYS1
Curcumine 9 5.87 3 (H), LYS16 (H) GLN15, LYS16, VAL1S, GLN1S HIS14, LYS16

PHE19




M1919% 2 uaadaInlITnoUNEAY VI WA BN IR TRANRY

YshumenszIve GRET ALY
AZINT caryophylene (18.72%), eugenol (18.24%), methyleugenol (46.37%), elemene, sabinene, terpinen-4-ol
AgZHe) camphene (8.30%), d-camphor (16.23%), B-ocimene (27.29%), methyl cinnamate (3.83%), geraniol
A 1,8-cineole (18.76%), B-bisabolen (11.34%), a-pinene (4.52%), methyleugenol (1.18%), terpinen-4-ol, a-
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GlJfTu 1,8-cineole (3.44%), phellandrene (4.98%), turmerone (36.37%), terpinoiene, a-zingiberene
ax'la? E+Z-citral (41.86%), B-myrcene (5.26%), geranyl acetate (2.45%)
g eugenol (28.33%), eugenyl acetate (14.86%), isoeugenol, B-sitosterol, chavicol, cineol
Gluuzﬂgﬂ B-citronellal (77.11%), citronellyl acetate (6.24%), B-citronellol (5.28%), 2,6-dimethyl-5-heptenal

(3.10%), linalool (2.75%), sabinene, B-pinene, (-)-caryophyllene oxide, isopulegol, d-nerolidol

Tviszn

estragole (86.89%), 1,8-cineole (4.27%), camphor (0.75%), a-bergamotene
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