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CAN acetonitrile

APP Amyloid precursor protein

ATCI Acetylthiocholine iodide

BDNF Brain derived neurotrophic factor

BSA Bovine serum albumin

CREB cAMP response element-binding

DMEM Dulbecco’s modified Eagle’s medium

dCTP Deoxycytidine triphosphate

dGTP Deoxyguanosine triphosphate

dNTP deoxyribonucleotide triphosphate

dTTP Deoxythymidine triphosphate

FST forced swimming test

HPLC High performance liquid chromatography

ICR Imprinting Control Region

I1Cs0 Inhibition concentration at 50%

M-MLV murine leukemia viruse

MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
RT-PCR Reverse transcription polymerase chain reaction
RNA Ribonucleic acid

S.E.M. standard error of measurement or mean

THF tetrahydrofuran

TST tail suspension test

UCMS Unpredictable chronic mild stress
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Abstract

In searching for a promising candidate for treatment of neurodegenerative diseases such
as Alzheimer or depression, the Bouea macrophylla Griffith and Antidesma velutinosum Blume
extracts were investigated for neuroprotective effects by in Vitro, in cell culture and in Vivo models.
From the extraction, the percent yield of water extract compared to fresh weight was 2.14% (B.
macrophylla) and 4.03% (A. velutinosum) and the percent yield of the extraction using 95% ethanol
was 1.11% (B. macrophylla) and 0.06% (A. velutinosum) when compared to fresh weight and 8.25%
(B. macrophylla) and 6.24% (A. velutinosum) when compared to dried weight. For radical scavenging
activity, all 4 extracts including ethanol extract and water extract of the B. macrophylla Griffith and A.
velutinosum Blume showed an ability to scavenge ABTS radical. The ethanol extract of the Bouea
macrophylla Griffith was the most potent extract with 1C5, of 73.28 pg/ml. For acetylcholinesterase
inhibitory action assessed by Ellman’s colorimetric method, all 4 extracts showed no effect on
acetylcholinesterase activity. In cell culture model, the four extracts exhibited protective effect against
hydrogen peroxide and beta-amyloid-induced cell damage. The ethanol extracts were more potent
than the extracts of water in the reduction of cell death. The ethanol extracts of both Bouea
macrophylla Griffith and Anfidesma velutinosum Blume were furthur investigated on the

improvement of memory deficit in mice induced by scopolamine via Morris water maze test and

modified Y-maze test. The results exhibited that both extracts at 250 Llg/kg could improve the
memory deficit induced by scopolamine in both water maze test and modified Y-maze test which
reflects in long-term memory and short-term memory, respectively.

The effects of the Bouea macrophylla Griffith and Antidesma velutinosum on antidepressive-
like activity in mouse model were determined. For screening activity, fruit juice and the ethanol
extract of the Bouea macrophylla Griffith (Maprang) and Antidesma velutinos (Mamao) showed the
decreasing in immobility time in both forced swimming test (FST and tail suspension test (TST)
without the effects on locomotor activity. The higher immobility time indicates a greater depressive
state. The efficacy of the Ma Mao fruits juice and ethanolic extracts were found to be comparable to
that of imipramine (25 mg/kg, i.p). In chronic treatment model of unpredictable chronic mild stress
model, the ethanol extracts of Maprang and Mamao were evaluated. The results showed that the
ethanol extracts of Maprang and Mamao significantly increased the sucrose consumption when
compared with UCMS group. Chronic treatment of the ethanol extracts of Maprang and Mamao (500
mg/kg/days, 14 days) exhibited the decreasing of immobility time in both TST and FST, when
compared with UCMS group. The mechanism underlying depressive activity may be involved in the
effect of Maprang and Mamao on increasing CREB and BDNF mRNA expression. Because chronic
mild stress significantly reduced these mRNA expressions when compare with nonstress control
group. In addition, UCMS procedure induced the lipid peroxidation in mice brain. Chronic treatment
of the ethanol extracts of Maprang and Mamao exhibited the inhibitory effect on lipid peroxidation.
However, the exact mechanism of action should be further clarified to provide the strong evidences

supporting the consumption and harvest of Thai fruits.



Moreover, from the analysis of elements and carotenoid content in these two ripe fruits, it
was found that water and ethanol extract of B. macrophylla contained copper (4.38+0.10 and
1.5740.03 pg/g), ferric (7.48+0.59 and 7.19+0.22 pg/g), zinc (3.24+0.06 and 1.14+0.05 pg/g), lithium
(0.354£0.02 and 0.22+0.02 pg/g), lead (not detected in water extract but found 7.19+0.22 pg/g from
ethanol extract), (3.87+0.04 and 113.7+0.21 pg/g) and magnesium (0.33+0.00 and 0.01+£0.00 mg/g).
Selenium and boron were not detected in this study. Total carotenoid contents in this fruit were
0.13+0.002 and 13.29+0.002 mg/g, in respectively. From the analysis in A. velutinosum, it was found
that water and ethanol extract contained copper (2.39+£0.14 and 2.31+0.06 pg/g), ferric (18.96+0.54
and 16.42+0.76 pg/g), zinc (30.28+0.20 and 20.66+0.22 pg/g), lithium (0.45+0.01 and 0.34+0.05
pg/g), lead (0.15+0.02 e 7.21+0.47 pg/g), calcium (1.44+0.01 and 1.37+0.01 mg/g), magnesium
(1.68+0.01 and 3.21+£0.01 mg/g) but selenium and boron were not found from the method used in
this study Total carotenoid contents in this fruit were 0.06+0.14 L8z 0.64+0.06 mg/g in respectively.
It could be concluded that, some elements were found in these two ripe fruits such as calcium,
magnesium, copper, zinc and ferric. In addition, the high content of carotenoids and beta-carotene
was found in B. macrophylla. Thus, this information is important and can be used to promote the
consumption of these fruits.

All results indicated that the Bouea macrophylla Griffith and Antidesma velutinosum
Blume extracts could be promising candidates for the treatment of neurodegenerative disorders.
However, the further study about the mechanism of action from these fruits should be done to

confirm and developed into the product in the future.

keywords: Alzheimer, antidepression, elements, Bouea macrophylla, Antidesma velutinosum
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m‘saﬂ@mdmnl%%ﬂuﬂimm 02 - 04 ml Junushnsinavy waz 1 A% Nnw woa 1
o faumInasay I@U%%LL@&:HQNQ&%UU’]ﬁdﬁ
ngu 1 nguaruguUnd 1d3uh 10 mikg $1uau 10 @
ngw 2 ﬂa;wmquﬁﬁnnm’nm‘hunwim 16303 10 mikkg 31121 10 @7
N§N 3 NENANINAIZIN 16T Tacrine U@ 10 W/Nn 1% 10 6
ng 4 nﬁéumaauﬁvlﬁ%'umiaﬁwmnLm%’u LONIWER UIA 250 WA/NN I1WIK 10 A2
ngw 5 nq’wmaauﬁvlﬁ%'u FIFNANZUIITU LaNIUBA 250 NN/NN FIUIB 10 69
2.6.1 HavasdIsENAnNNIALAILazazlsaansiiadsE@nSnanns
= v o a A
Liﬂ%guazﬂ’a’mmfﬂ 217D Water maze test
Lﬁai’]aumsmaawwﬂunm 1 FUARLEY NAFOUANNENIINVIFNT
aﬁ'@@iamsw‘iaJﬂiz%ﬂ%mwnﬁ(%ﬂufl,mzmwm‘h I@mﬂaumsaﬁ'@momﬂiﬁﬁg nawnagay
@18 water maze 90 W11l aznazeUMITHUFIAIGIURUIVBILHUTA (platform) lanlw ny
T lua198n iNawwenIas M iunnmites G991 ld5ausn 1 om lawasines
gﬂLLﬂaLﬂu 4 8% Mgazgﬂﬂa‘aUma’wﬁﬂwmJa'aw&lﬁﬁu%ﬁ'}L?Tﬂﬂﬂﬁiml,a:ﬂdaﬂudmﬁ
1,2, 3 uaz 4 awdey Junaivuldlunminiunusasluudazdiu (Escape latency time)
fnAL 60 "EmﬁLLﬁwgﬁammmmvl,&ima lﬁﬁ'mhsmmaumwimaaLﬂunm 153U 1o
wyieinauaTy 4 FIULA? Iﬁ%'UﬁksaamLazL%@mﬂﬁLLﬁo LLﬂzﬁ’]WéLﬁ’mN lasnagay
fAadani 4 W4 ﬂitLﬁuﬂ'nummsniumnﬁwﬂizﬁ‘n‘ﬁ"mwmn’%auiuam’nm‘iﬂ@mm
Lﬂ'%m_lLﬁﬂm:ﬂmmlumimﬁ'lLmuwaameaamam@;umimaauLU’%U‘UL‘?}suﬁ’umju
Auaulng
> 1 1 dn, ) v
26.2 wazasasENAnAINLINLAzNzlTwAan IR MITER LA
AMNINUNNTBIdULIHBI1N LAY Scopolamine laa35 Water maze test
A I o € v a P
Wadlausmageunyidune 1 Jlanduds stmsmaaﬂ@smim%%
' & L. . ' S A L& ' A ' ' A ' o
318381 (Training period) luan9tin nonudai 4 muuazmmmaaag’tumw 1 ARUGARLA?
ldaninldeinniudadenu 4 T lasluudazTuldesnyldioiludrsilugud 1, 2,
3 uaz 4 anudmeuidunm 60 Jufl Junafinylilunmunuiasluudazain (Escape
latency time) HnanianAllumsmiuensadndn (4 14) nasnhunazaufadanudn 3 14

(Test  period) lasluiunasey lafloussananstnlvnuniewduna 60 wifl



nadnnuazdiaalaliaifin 1 un/nn #3a normal saline 1 MITaIvias (ip.) Aaunazay

@78 water maze 30 mm@ﬂwkju,l,@ia:mjwvlﬁ%'umiﬁqﬁ

A ! o ' '
a3 1 usasannzililunslimnasevlunuudazngy

ﬂéjuﬁ Treatment
ﬂﬁjw?'i 1 njuauauLng W 10 ml/kg + Normal Saline
2 ﬂajm’mqu‘?‘iﬁmazmwm‘imﬂwiaq W 10 mil/kg + scopolamine 1 4n/nN
“?i 3 mj&lmimmgﬂu Tacrine 10 ¥n/NN + scopolamine 1 An/AN
ﬂﬁjw?'i 4 NHURIINARDU FIENAMANNLNTY Llamuas 250 aun/an +

scopolamine 1 4n/Nn

ﬂ@:&lﬁ5ﬂ€:};1lﬁ’]iﬂ@]ﬁau FIIENANZUTNTY  Lanwaa  250un/nn +

scopolamine 1 4n/Nn

RUBLAA NTUSAIIEN Normal Saline Uaz scopolamine 3z lAlasnsdarunstesriasvasny
_— u

. . ) - i VY - o
Nnaadd (intraperitoneal, /.p.)IuﬂiaJﬁmi 02 — 0.4 ml TWNUWIAUNAINY vInmhnia left

posterior quardrant of the abdomen &% 41, tacrine RIRNARNINLALAZNZL TN 2LIWITEN

o - X oo . o a o ¥ o -
TaonsdlaunsthnludSanas 0.2 — 0.4 mi TUNUVINAUNAINY IUBT 1 A3 las@avinazansn

1lunseson fa 1in

'ﬂszLﬁumwwmmsnslumsﬁmjﬂsz%ﬂ%mwrml,‘%yuﬁmzmwm‘hﬁunwim
lasnaSeuifisuszsznalumamdunibsasusinsassainguamasenilSoufisuniy
na;wmuquﬁﬁﬂﬁmmﬁmnwiaﬂ@sJ scopolamine

2.6.3 Namaammﬁ'ﬁﬁmnLa\hu,a:mﬂi'mGiams'ﬁ%ﬂumsﬁﬂufuaz
anasfiunniasaniiiasnnlasu Scopolamine Tag33 Modified Y-maze

Lﬁaﬂauawsaﬁ'ﬂiﬁﬁwﬂunm 1 FUAMALEN NARBUNAVBIRNIRNALUANT

ti’Jaaﬁ'umsl,'%ﬂuﬁua:m'}m‘hﬁunwiaoé’mﬁaamnvlﬁ%'u Scopolamine lagltluiaadnun
Modified Y-maze G9iiluluian & m3Uiana short-term memory Tasflanansatianisn
Twudawduiam 60 wift wasnntussdaslaluadusmwa 1 un/an Whmstestias
(i.p.) TOUNARBLAIY Y-maze 30 w17 Txﬂwwma:ﬂﬁiuvlﬁ‘?umsﬁaf:

ngy 1 nauauAuLNG l6f5u%in 10 mitkg $39AL Normal Saline

ngy 2 mjumuquﬁﬁm’;:mwaﬁmﬂwim 165030 10 mirkg S8R scopolamine

1 4n/nn

Ny 3 NEURITNINIFIN 1@TuTacrine 10 4n/An $7UAY scopolamine 1 WN/AN

Ny 4 NUFIINAFDL 1é3uanIananunain 250 n/nn $INNL scopolamine

1 4n/nn

Ngx 5 NFNFIINAROU 1é5uanIananzUse 250 ¥n/nn $78NY scopolamine

1 4n/nn

‘vmaauma:mmfﬁwL%’Iawamh&maaﬂﬂaﬁ’% Modified Y-maze 1 Y-

shape apparatus é’agﬂﬁ 1




Novel

3 £

~ o o

Sample trial (5 min) Test trial (5 min)
31t 1 gUnsal modified Y-maze

nInasavliznauaisy 2 phase fa sample phase Ua test phase lag
1 A a A v v 1 { v v té

It sample phase Tollausuniousuli  udddeswuivauduladruniones Y-
1 v o o v a A A v & =) o & o & A
maze Udssldnydimamanaduiasniuaaswauilali unm 5 wiil dufindwiuaeh
wipith lddmaluudaziau waaanga9 sample phase azimudnlilunsaduina 30 wif

1 o 1 ld g; ) v 1 { v
auazihannaseuluig test phase Tauaund 3 waugnilasen udlsesnunusudula
v lﬁl 1 v o z dl A v I a o & o 3 ldl
duntsrad Y-maze Ussslinudrmansmauauiialy i 5 wit dufindrwiuaisn
M%Lﬁﬂﬂé’nmﬂuu@ia:wu ﬂsnﬁumwmminsl,umﬁ?'\luw“ﬂsz%w%mwmiﬁwﬁl,l,a:
anuilasmaudisuifiuefiaudvasiwiuasafivuetluusulna  (percentage of new
arm entry) °ummjumimaa‘uLﬂ%'zmL‘*?'lﬂuﬁ'umjumuquﬁﬁﬂﬁmmfﬁmﬂwiaﬂ@U

scopolamine

= £ o ' o = 'Y v & A
3. msdnmgnsvavarsanansdsuasnainsi lunsauarissaaa lungsndUnduas
o ga = ° PPN = v o a o a ' ' &
uplsdngninig i Minan1edaasinignmnagsmelagniizasanagrvaam
SHIRTIN
' = ' ' A o £ o o ° a
utisnsdnsaanidu 2 daulva) 9 Aa midansasgniduduiain wwilunulng uaz a3

ﬁlﬁwa’lumiﬁméﬁwLﬂﬁ”’]ﬁaazgﬂﬁ'@Lﬁaﬂmﬁﬂmsialmmm"mamwﬁ'}éﬁgﬂmﬁmﬁﬂﬁlﬁ@ma:

‘%NL?I%”]@?’J BMILAEINN ﬂlﬁam'szLﬂ‘%ﬂ@aamdamﬂmwznmmu

3.1 ﬁnmﬁmn5aaqw§€hu§uLﬂ%"}’lumyﬁ'mfﬂna
311 aansasgnaandaaiilaglfuuunasoy Tail suspension test (Screening for
antidepression activity) (Steru et. Al. 1985)
1) Lﬁmﬁwﬁﬁé I@w%mﬂumiﬂmadf:auﬂu%wﬁﬁ \WetE] Wug ICR g 8 danw
LLﬂ\‘lnaij,ﬁLgmaaﬂLﬂu 10 ndu 98z 8-10 franum3lasuenasil
1.1)  ngumuquund ld3u vehicle
1.2) mjuﬁvlﬁ%'umiaﬁ'@mﬂiw YU16 250 WN/NN
1.3) ﬂa;wﬁvlﬁ%'umsaﬁ'@mﬂﬁa PU19 500 WN/NN
1.4) ﬂa;wﬁvlﬁ%‘uﬁ'lﬁgumﬂﬁa YUN@ 250 UN/NN
1.5) ﬂﬁjuﬁvlﬁﬁfuﬁwﬁtumﬂiw U190 500 WN/NN
1.6) ﬂsqiuﬁvlﬁ%'umiaﬁ'wmmsh YU 250 UN/NN
1.7) ﬂsqiuﬁvlﬁ%'ummﬁ'wmmsh PU1@ 500 AN/NN
1.8)

mjuﬁvlﬁ%'uﬁ']ﬁuﬂmmm YUIA 250 WN/AN



1.9) ngufildiushaunannian - 2w 500 wn/nn

1.10) ngufld3u Imipramine B11@ 25 Wn/nn

nguAILAULNG LLazﬂéjuﬁVLﬁ%'umﬂmaLLammﬂLxh 221@3U vehicle , 8138NA LAZHIAK
lasmsilou fungndun laTued@uduieain Imipramine azldTumaduntinmdasiom

S RRLRN

nssAlElumInanss Suwa 175 x 245 x 125 Hadluas nInuA 20 N33 UazwIRTINLA
207274 I@UﬂﬁLﬁﬂawwiuﬁaaﬁﬂauquqmwgﬁLLa:mm%u Lm:"?'iﬁmimuqumilﬂ@-ﬂﬂw
nn 12 #2139 (12 1. Light-dark cycle) 1¥tiuazemns Lﬂﬁlzmi'a@paouau’lﬁm&é’ﬂmﬁa:
1039
2) Tail suspension test

waan basuenlludr 60 w WUULARLAIYNININMARDY tail suspension test 9
minesauft sudwwuuneseuiifeulflunsasisseunionansesgns lumssudue
898N Iﬂmma:m?mﬁﬁwﬁuﬁumwﬁﬂﬁ ﬁamiﬁﬂ%mwauaaﬂa%ﬂummﬂluﬁmwﬁ
HATITNTI@ ABLeNIWLaIN AR WININNVTU tianil wialingawuannaglu
FIULLIT é’aﬁ?uﬂhxﬁvl,&iﬁmimﬁauvlm wiolingnenanf  sansoudanaldannd
immobility ~ time ﬁga’jmﬁé’aﬁ?uﬁwqaﬂﬁu%mﬂ% LL@iﬁﬂu%Hﬁvl@T%'umﬁméfimﬂ%ﬂ
¥19331% A1 immobility time ziAkaENN LLa:LL@m@maﬂwaﬁﬁfuﬁwﬁmﬁu%&ﬁﬂﬁ%’mﬂm
inseappfissetnaien msmaauﬁﬂé’l@ﬁmiﬁnmﬂm’;ﬁu?\@ﬁmwamwﬁwﬁ
AennUaendszinm 1 . mnfuﬁmg‘lﬂLLmuslum‘%'mﬁa tail suspension

apparatus ﬁdgﬂﬁ 2

Tail suspension test apparatus

gﬂﬁ 2 Tail suspension apparatus

FUNIANNIRNA 6 WA Tufind Immobility time Tuwiag 4 wifigarng Iu%hl;l,ﬁﬂg ueaza

vLﬁﬁ%ﬁﬂ% ﬁIa"u UENARDIA EJ'YJIﬂﬂ%'\‘] ez miwzﬁwaéﬁ UIﬂiLLﬂﬁaﬂj’J Uﬁ%ﬁﬂ LIRN



Qs nafqz v v a v . .
3.1.2 danvesgniduduainlunyaidlng  laslfuuunasen forced swimming test

(Screening for antidepression activity) (Porsolt R.D. et al., 1979)

2)

1) Lﬁvﬁwwﬁﬁ Iﬂwz}ﬁlﬂumiﬂ@aad‘i‘fﬁmﬂuﬂwﬁ’]5 \wetE] Wug ICR a1y 8 dlandd
LLﬂdﬂﬁiNMkbﬁLgmaamﬂu 10 Ngw 9az 8-10 freamslasueai
1.1) nguauquUn@ 163y vehicle
1.2) nsjwﬁiﬁ%’ummﬁhmﬂﬁa YU1G 250 UN/NN
1.3) mjuﬁvlﬁ?ummﬁﬂmﬂﬁw YU 500 UN/NN
mjuﬁ‘lﬁ%’uﬁﬂﬁgumﬂm PUIQ 250 UN/NN
ﬂa;wﬁvlﬁ%'uﬁﬂﬁumﬂiw IU1Q 500 Un/nnN

ﬂa;wﬁ"lﬁ%'umiaﬁ'wmmm PU1a 250 WN/AN

14
1.5
1.6
1.7
1.8 ﬂ@juﬁvlﬁ%'uﬁﬁﬁy'wmmah U@ 250 An/AN
1.9

)
)
)
. )mju‘*?'i"lﬁ%’umiaﬁ'wmmm U190 500 UN/NN
)
)
0

ﬂ@juﬁvlﬁ%'umﬁ'wmmah 2U1a 500 NA/NAN

1.10)  ngufld3y Imipramine 111@ 25 wn/nn

nguALANLNG Lmzﬂa;uﬁvlﬁ%'umﬂswLLa::mnmah 21650 vehicle , 8138NA WaHIA
lasn1atlon drunyngufldiuedmuduan imipramine a2ldTuaiunmansiaiiom

TaIYI 84

n39nlElunImanas Juuna 175 x 245 x 125 FaGLUAT NIRNA 20 NTI WAZVINUINIRAA
20 170 lagldidumyludaanniuguanngluazanudu uazhiinsaiuquniadae-aly
nn 12 Tlud (12 0. Light-dark cycle) Iihuazanmis wdswiagrasuanlinudlandiaz

1 @59

Forced swimming test

wuusNaadForced swimming test LﬂuLLuuaﬁwaaaﬁl‘*ﬁﬂmauma:ﬁ%uLﬂﬁ”ﬂuﬂwﬁwﬁ
I@zm'mJa'amgmdw’luﬁhm{mﬂu gt lifimand ﬂ&ﬁvlaiﬁmmwmmu'jmﬁm%a
axifisnazmoieniieanainaain axiien Immobility time G LL@iﬁmHﬁ"Lﬁ%'umﬁwufﬁmﬂi’w
azidn Immobility time §nn adslnufaNI9Eia neunasay forced swimming test 1
o1 azﬁaaﬂﬂm;}lﬁ’jmﬁw I@sﬂﬂﬂgdwm{ﬂuﬁaLLﬁ”’smaﬂszuaﬂmmmﬁumquﬁﬂma 20
T, §49 22 T, %amiqﬁwqaﬂi:mm 10 3. 1Jwaan15 wfl Lﬁalﬁﬁwﬁﬁeﬂsﬁama:ﬁw
Imandh é’agﬂﬁ 3

20



20-30 cm

20cm

gllﬁ 3 Forced swimming test

ARINNNIN pre test 1Tuan 24 tluduan Avin Forced swimming test wasmsiwen lu
Waa 30 wIN I@yi’@Lﬂunmﬁﬂhﬂajﬁm’smﬁau‘l%’mé’amﬂﬁﬂdaﬂm;jﬁuﬁw nmﬁmum%ﬂuﬁa
111 A8 6 WN WETIUIA LTI 4 mﬁqﬂﬁm Tastuninmwialanaaan1snaaadtnagiine

WndAnTsunBudazaI laTL treatment Ndnarin

3.1.3 MIaFaU locomotor activity Iuﬂ‘ﬁﬂﬂaﬁv[ﬁ%'ummﬁ'@mﬂmmammmm @837 Y
maze test
Y maze test WUUIINBIITNAROL locomotor activity LWEAHATBILNINAINA
A L. A ' Aa Lo K o ‘A A
wasuulad locomotor activity %38l snidlgntduduiainasliinafuuulas locomotor
activity lasddaswyasllgiuves maze 3Ud Y siudwiuusuinyidulu Y Maze 3uam 5

wift dufinwaidudwiugasfinudulu Y Maze (number of arm entries)

3.2 nadaunazasasanananisildsnulasmginssanudauudaslylunuign
a o § ¥ a a & ° = Y
wing litiaazieSuaacanilnszazinamin Tuuuusraasazdaaduuy
Chronic mild stress
1) woanwshd  leswunlslunmasasiazdunyaid ey Wug ICR a1y 4 dilaw
' ' a & & ' LA
udangdunyfiasseanidu 2 ngulng Ae
- naueuANUn@ 1w 10-12 ¢

- ﬂéjuﬁvlﬁ%’uma:m%mamadau Aadanuwduiian 5 FUNHR 113U 72 @9

AN MLUNNINARDI UUa 175 x 245 x 125 FARLNAT NIRNA 12 NTI LALVIA
INIRNA 12 276 I@UVL@TL'&'ﬂwkﬂuﬁaaﬁmuquqmﬁnﬁLLa:mw%u uaNinIALANNT

\Da-TalWnn 12 73las (12 2w, Light-dark cycle) Tihuazanms wisuiagrasuauliny
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s 6 g: dw a ' s I s 6 o “ & a

gUanas 1 A3d I@mam@mmﬂmﬂm:mnm 5 gUann RILNALLRSIAUUBNNNE ANIINVN
a 4 . = v v a

%%ﬂLﬂﬂU%LLﬂﬂﬂﬂ LY N1ILTANULATLA AIUNIIINN ﬂ’l’]&l@ ANUAUAIZAUN mmau‘[’«a

dafadn gvauda iudu uazduiinihwinny dlaviaz 2 a3

2) Unpredictable chronic mild stress (UCMS) procedures W& pre-sucrose consumption

test (Willner P. et al., 1987 ez Li S. et al. 2008)

ﬂ'auﬁﬂmﬂmh&aamﬂumjumuqu LLazmg'u“?'ivlﬁ%'umﬁmm’%'m a:ﬁaaﬁmwﬁﬁ
ﬁzmmmmaaum’:‘u’ﬂmmmzmm‘fwmasgimaﬁau (sucrose consumption test) Liia
uidudayafiugiudmiunuudasds navh sucrose consumption tinldlay Tswmuind
aaamTuazin dauflasnamey 1Wwna18 alug mnﬁu’tﬁmsazmﬂﬁwmasgima 2%
Auvuand uszeziaa 1 S2YETR mnfuﬁwmmﬂ’%mmsgimaﬁ%hm@iazﬁﬂﬁ%'uLiﬁvlﬂlu
F9aaIne indragneiiiuae 5 u LLﬁaﬁwﬁa;&aﬁvl@Tm%'@LLﬂma;wwLuuqﬂﬁﬁ
anuudstnwasdayamailnemsazaoglas 2% ﬁaﬂﬁqﬂimwia:na;u wungy
auquazldldtunanszguldifieanuieive mwkmsjuﬁﬂu UCMS group a=l@5u&s
nazgudnagliiiannzanuaiseszay  mildanuieioaetvdeutlznaudis n1sea
PMIIURZIATN, NMITNTIBLI 45°, M3siam s fisenms, mﬂﬁmmﬂshﬁvl.ajmaﬁﬁﬂ
, mﬁwkm;u}ﬂu@;, mM3lARE9TUNIN, Msvinsaden, mﬂﬁ’lWLLaaainma@ﬁgﬂﬁu, ns

NAY light/dark cycle lapnszguninua 5 dlaiasuaadluamf 2 dalud

A19719N 2 u,amama:’tumn’ém%hﬂumsmaau Unpredictable chhronic mild stress

(UCMS) procedures

Tuesday ‘Wednesday Thursday Friday Saturday Sunday

Food and water 06.00-11.00

deprivation (3hr)

Sucrose preference 11.00-12.00

(1hr)

‘Water deprivation 16.00-08.00
(16hr) x1

450
45 cage tilt. (3hr) 08.00-11.00

Limited access to food 19.00-07.00

(12 hr) x1

Contiruous ovemight
= 15.00-p7.00

illamination (12 hr) x1

Ovemight period in a 19.00-07.00

soiled cage (12 hr) x1

Reversed lightdark cycle | 18.00

( Fri-Mon) .

Ultrasonic sound (3hr) x2 13.00-16.00 11.00-14.00
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o & . 14
I@] Uﬂiz@!u‘ﬂd‘lﬂ&lﬂ 5 gUanvi

1) Ml lunyuihd

%wﬂw&? gﬂuﬂméjumﬂﬁmﬁLmn@mﬁ’uﬁdmmaﬁ 3

A1319N 3 LLﬁ@Nﬁﬂ’]’Jﬂuﬂﬂilﬁﬂ’]ﬁ LL@ﬂ@i’Nﬁ’%ELuﬂ‘l&laLL@iﬂzﬂ@;u“ﬂﬂdﬂ’ﬁﬂ(ﬂﬁﬂu

Unpredictable chhronic mild stress (UCMS) procedures

ﬂa;wﬁl Treatment
1. ¥ nonstress vehicle
2. % UCMS vehicle
3. % UCMS fIEnaNzlae 250 un/nn
4, ‘Vﬁ‘l;lk UCMS fIgnaNzls9 500 un/mnn
5. ‘ﬁ‘h& UCMS FIIFNARNINLNT 250 UN/NN
6. % UCMS FIIENARNINLAN 500 An/Nn
7. A UCMS Imipramine 25 ¥n/nn

W@Lﬁﬂé 25U IATUENAILEINN 22 DITUN 35 WeIN1I¥N Chronic mild
stress uazazuinasnlasnsdaiintesrisalutianm 9.00-11.00 w. luiugareuas

mM3l#en azna aaum‘nﬂaﬂuLLiJquammmsﬁinﬂﬁma

2) Sucrose consumption test
ﬂ'auﬁa:maam:ﬁmlﬁﬂ%aﬂmmnm:ﬁﬂﬁamﬂuna'ﬂ4-16 FlUd  nwlE
¥ o v & 4 & o a
miazmﬂmmasﬁma 2% nunplaing (uszozioa 1 TL39 mﬂuummmﬂimmg‘[ma
A v & o | v o ! [ ' a A '
'ﬂ%hu,mmmazmvlmum"Lﬂlumuammnma WIBUABUNANINARDITTNININY
nonstress, vs‘l;},ﬁvl,ﬁ%'u CMS LLazﬂ‘léﬁvl,@T%'u CMS+R15ENANNINLNT a2 CMS+R1IFNG
1 a 1 a A 1 ' d‘v v =1 = a 1
Ve ReNLandInwrIa kiagels  wananilEUSsuisuNaTaIEIRNAGENS

wWasuulaimIvilnassazansglassfisuivsduduaiunasgn

3) nasaU Forced swimming test 1%%2]“33”1ﬁﬁvl@i”‘{umww,ﬂ%marjwa'amﬂmwmmmu
LUU3aadForced swimming test L‘flul,muﬁwaaaﬁl‘*ﬁmaauma:ﬁuLﬁ%ﬂluﬁwﬁﬁ
lasnsddasnyingasin pludaiuny 9 lafimni %HLﬁﬁéﬁvL&iﬁﬂ’J’mW enainein
viaazAgnazmaiieniloanaindasia a:8en Immobility time 9 LL@iﬁmELﬁ"l@T%'umﬁm
Fuier1 azfien Immobility time §n agIlnuRANIRDG nawnInasay forced

swimming test 1 1% ﬁlzﬁaqﬂnﬂwﬁwﬁﬁfh 1 ues Lm"ammszuanmmmﬁumguﬁﬂmq
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20 3. §49 22 Tu. DIVTTPNFIUTEND 10 T, 1Tua115 win Lﬁaiﬁwwﬁﬁvlﬁi

dl = = Qs v £ = £ a
an1efi lifnmd nasnslienldud 30 wfiudmaseunndnssuny

- Forced swimming test lagaifunminguidliimuaianlnindinnildas
asgaoin mfvuedludnih A 6 wifl udezdvnmluti 4 wiigerie lasaz

tufinnwidlanaaaninasasiafinanninssunyudazdin laiu treatment Ndnann

4) Tail suspension test Mﬁw,ﬁﬁﬁvlﬁ%'umwm‘%maahadamﬂmwmmmu

wasan lesuen ldud 60 wifl nuudazdgniaasay tail suspension test s
wyul,gﬂmeaaﬂag’iummﬂiuﬂ’m’mﬁ'ﬁ@ﬁﬁuma ABLEMIVBLRINN  RPITWENNNDTUAN
\andt %%alﬁ%qﬂﬁumﬂmiagl'sl,whmmuufu é’afu%gﬁ%ﬁmnaﬁaﬂm w3a Ll
Wengnund sansoudanaldaindi immobility time ﬁgaim&ﬁaﬁuﬁwnﬁmm%uLﬁ%ﬂ weion
1%%@"[.67%mﬁm%mﬂ%ﬂmmgm 1 immobility time VFkouIIN UaTLANAIIEIN
ﬁfméwﬁzyﬁ'u%hkﬁvlﬁ%'mﬁmm{wmmmmlﬂmaﬂwﬁm managauvhlalasmaiinldnnine
%ﬁmwamwﬁﬁ Asnndaenisdszanm 1 . mnifuﬁmhﬂﬂLm'ausl,um%'mﬁa tail

suspension apparatus

Junmene 6 wifl  dufind Immobility time Tuze 4 wifigarhe lunwsdhdudazan

TuAn3alav e naaaIad BNNATI UAL] WITFRaTa YTV BTRANLIAN

3.3 @nwmavasarsanananiniinniziasenaansiasulnsdnwigna lunsgusonisiin
lipid peroxidation lng135 thiobarbituric acid assay Yuwytﬁ'ﬂa’ﬁfm"%’um'J:m?yﬂasi'ma'amflu
SEULIRININ

3.3.1 AUAINITAVBIANIANALNITUSIUUIwINTLAR lipid peroxidation VBUTAFANDIGN
nasoulag3? thiobarbituric acid assay LianagaunganIsulasaud nasaniiu witstalus wyland

azgnaln launns perfusion dapindadnfay wiakala e lduazdafeasananddnilinueania

mﬂﬁq@ a’mﬁ?mﬁué"sashmmad (whole brain exclude cerebellum) LLa:LﬁUﬁ’Jaﬂ’mvﬁﬁ -80°C
PYPIWNILAN lipid peroxidation ﬁ]:gﬂﬂiuﬁﬂ@ﬂmii’mﬂ%mmmaa malondialdehyde Fodunandan
\adulunazuaums lipid oxidation  G9sansndiemeisinadldlasnisid§ATunsu thiobarbituric
acid e sdiafad mﬂﬁ?ui'ﬂﬂ%mmimUi’@@hmig}@ﬂﬁuumgaq@ﬁ'mmmaﬂﬁu 540 nm U3unm
malondialdehyde ‘7iLﬁ@%ummiﬂﬁ’m’muﬁqulﬁaaﬁﬂﬂiﬂwm@lig’m"uadmia:mU malondialdehyde
wazazdaddiazimySunmlusfudqu3s Bradford 1fiuriy bovine serum albumin  ¢ap luyn

o . da ¢
AIDLYWNILAINCN

3.3.2 MyATEAYUINIUsAUA2835 Bradford
aa & @ [ > a o . o aaa @ .
Asnshondenannisiasdiznevlds@uluaradreavind §AiSennuans Coomassie
brilliant blue G-250 Tugn1zidunsa warvinlwasazasiiamadfoniidudiiniafinGgs sau1sn
Jadmiganfuussldfiannueinau 595 nm udhdld ldéwnmdSinmldsduludiedig lay
wWisuifisududinisganiuuas 284l3@uanaI3 u Bovine serum  albumin  (BSA) n1Tla3p

F1INZAINIATZINYBI BSA FIMTUTINNTINNIATZINAIANTIN 4
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A1319N 4 ﬂ’]im%imﬁ”ﬁﬂ:iﬂElil']@]ii'l‘bma{i BSA

Concentration of BSA (mg/ml) 0 0.2 0.4 0.8
BSA stock solution (2mg/ml) ul 0 5 10 20
Water ul 50 45 40 30
Bradford reagent mi 2.5 25 25 25

= s ' a a € a a v o v ' &
LRSEAIPURIINCATIUAIDUILN amnmewﬂimmiﬂmuvl,@mmemdmau

Brain homogenate 4 ul
Water 46 ul
Bradford reagent 2.5 ml

anuuTwadldsauluaiatng = [(Abs595 — b)m] x (50/4)

ﬁl v g
L3Jﬂﬁllﬂ’]?’llﬂdLﬁ%ﬂiWWN’](ﬂig’]%Lﬂu y = mx+b

BU18LRe Bradford reagent @3oulda1nn313831987138za18 Concentrate Protein Assay
———

(BioRad®) ludasainasit

Concentrate Protein Assay : water = 1:4
{ &
3.4 Reverse transcription polymerase chain reaction (RT-PCR) of BDNF, uas CREB Fotilniin
A A [ o =3 1
NNYIAYBDIAUANIISDNLAITT
' A o o 2 4 & o . .

Lﬁa‘nﬂﬁauwmmﬁum%ﬁmm AadNUL  witemlug %HL&J’Iéﬁ]zQﬂ"&J’] lag  Cervical

dislocation ig9aIdelRaeiud iNaaannuiivthanTanuzaisainassd naINNRLAALFWEEA

Inguimdnedainasesiud  helduazdrafaasananimdailinuanisinniiga  anuuiu

Snwaued &7u hippocampus VaINKENENNGA 139 -80 °C #wIumIiassu total RNA, ¥in PCR
product W&z run gel electrophoresis LadlATIzRNsLAAIRaNadduNINITRINUANIZTUATY LT
BDNF w8z CREB gene lagSouisunumsuaadIaanuad house keeping gene ; b-actin Tundas

AoeNg

3.4.1 Total RNA extraction
Homogenize tissue samples 14 TRIZOL reagent US31a3 1 ¥a. N 0.2 ml 289
chioroform asluuasiunanlwidnAudwaa 15 5w uaa incubate ﬁqmﬁgﬁﬁauﬂunm 2-3 W
wd il dwn3es 12,000 x g ﬁqmﬂgﬁ 4°C {lwa 15 Wi asazananaNazLonaeniiuaeth
niin Tasuladuunansssiaseislal tube sulna. 1&u 0.5 ml 289 isopropyl alcohol e 1
ml of TRIZOL Reagent 1iagaag9fi 15 - 30 °C 1uras10 wift udrhluduwdos 12,000 x g 7

A < & o =~ o o . '
aqm‘ﬁi;]ll 4°C 1ulaa 10 u’]ﬁ i]']ﬂuuﬁ]:vl(ﬂ@lxﬂauaﬂﬂﬂ RNA ‘ﬁﬂﬁﬂﬂﬂmz@]aﬁlﬂ gel-like pellet @]ﬂa%l
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PNUANVDI tube ABYGINEI supernatant BNUAINIIAZNEK RNA 628 75% Lan1uaa 1 ml 1agn
wan AN nunale vortex uith ldwndesh 7,500 x g tuan 5 wifl uaiaaaznaudIanaIInikg
UsaslAnznan RNA uitd uadazans RNA pellet @38 40 pl RNase free water {iUSN©1 RNA stock

solution ‘ﬁ -20°C

3.4.2 Reverse transcription

Pipette 2 U 283 0.5 g/l RNA sample 1l nuclease-free microcentrifuge tube Nnviu
\@a 1 W oligo (dT) 12-18 mers, 4 W 10 mM dNTP Mix (10 mM each dATP, dGTP, dCTP and dTTP
at neutral pH) Uz RNase free water USul1é15anas 10 W sihanswauiilasadldlueias PCR In
anuauiignnndl 65 °C for 5 min udAUTElw ice box IMUWLAY 4 LU 5X First-Strand Buffer, 2 LU
0.1 M DTT, 0.2 LUl RNase Inhibitor, 0.8 LI RNase free water LLaz 1 LU (200 units) of M-MLV R N&d

it nu 411U Incubate 50 min at 37 °C uaz inactivate the reaction by heating at 70 °C for 15 min.

M13791 5 Summary of the primer pair for house keeping gene (B-actin), stress-related genes

(BDNF, CREB) and product length.

Primer Sequence

Gene Top line : forward primer Product length

Bottom line : reverse primer

5-AAC GGT CTC ACG TCA GTG TA-3

5-GTG ACA GCA TTG CTT CTG TG-3 220 bp

B-actin

5-GAC AAG GCA ACT TGG CCT AC-3

BDNF 5-CCT GTC ACA CAC GCT CAG CTC-3 334 bp

5-TAC CCA GGG AGG AGC AAT AC-3

CREB 5-GAG GCA GCT TGA ACA ACA AC-3' 183 bp

3.4.3 Semi-quantitative RT-PCR

The PCR reaction mixture 1sznaudds 1 LU of cDNA, 4 LW of 5x PCR buffer, 2 LUl of
deoxyneucleoside triphosphate mixture, 2 LU of wunLbe chloride, 2 LU of primer pair (Table 5) ,
0.4 LUl of Taq polymerase uaz 8.6 LI of distilled water USanasmaamaau 20 . slulsedas PCR
wdaaslisunsy preheating cycle at 95 °C 1flwaan 2 min, ud¥in PCR cycle $7W% 30 38U
Usznauaae denaturation 95 °C tJulian 30 w11, annealing 60 °C Lulaan 1 w1#l, elongation
72°C 1{lunan 2 Wil uaz extension step siaft 72°C 8nilluiaan 5 Wit Nt PCR products 14
run acrylamide gel electrophoresis WaEBNA2E  ethidium  bromide ﬁ’]vlﬂ"aami’]zﬁua:thﬂgﬂ

photographed under UV light and analyzed by GeneSnap and Gene Tools Match Software
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3.5 ﬂ‘fumauuaz’?&'mﬂums?mmzw(ﬁ'aya
lﬁaﬁahmﬁme:ﬁﬁagamdﬁquammﬁLﬂ'&"Uml,ﬂaa"lﬂ L‘I/d\l;aLLUﬂﬂ’J’]lJLL@m@i’Ni:WhJ‘HH
LﬁﬂéﬂﬂaLLamHLﬁ’]ﬁﬁgﬂmﬁmﬁﬂﬁlﬁ@maxﬁmﬂ%ﬁ LAz UBUNAN IS NENAZTULAIITER I
F1IRNG LAY T IUTUATINIAITIN ﬁy'ﬂu@i”mmsmﬁﬂuu,ﬂquamm NNIUFEAIDNTBIEH LAZNIE
m‘%maan%mfufagagmmmﬂu Mean *+ S.E.M. uasiiainzianalasld ttest 3zWINNgY non-
stress group 8s UCMS group wazld one-way analysis of variance (ANOVA) Lﬁ'ammﬁmmn@m
NIaDAIERINNGN UMWY Student-Newman—Keuls test el p < 0.05 ﬁa'jwﬁagaﬁmm

wANGNBENINHIEIATYNIRDA

A & a i A & & ~
4. mﬁnzﬂﬁzwmilimmu5ﬁ1qmiluamilsznaumamw

A a [=3 (¥ a
41 MIANTAMIYSHIM NasUAS, AN, dInsH, Aoy, waalBuN, NS,

FAMYN waz azna laa3s Atomic Absorption Spectroscopy

411 MIGTUNRITATANLAIDEN

F0EN9TBIFIHAN AN ARFALAZIMNMIAINTIE 95% LaNN1DA agn
iunesouluansazaslasnsdesdioansazaunIa luasndutu 65 % wiaunult
anuteutiy Mntunsasmazaneile uazliulsinasdetinnmnnlessn ui
ﬁﬂﬂi’@]ﬁhﬂ’ﬁ@@ﬂﬁmmdﬁ’aEJLﬂ%IaG Atomic Absorption Spectrophotometer aMU&NIIL

AIuaasluaInen 6

A13191 6 §N1IZVBILATIDI Atomic Absorption Spectrophotometer Allunsieneinysanm

a a

7NBILAY, LAAN, FINZR, ANON LAY Az

A9 o ' Aa 6
am’a:‘rﬂfn LLS'ﬁ’]@JYVJLﬂi’]:%
< o a a a a A A Ad A <
NaILed LAAN RINCK RINAHEY LOalngd | LANWLDUY | DLW A7)
ANWULNT Absorption | Absorption | Absorption | Absorption | Absorption | Absorption Absorption | Absorption
31A3129 (mode)
mmm’mau 324.8 248.5 213.9 671.3 422.7 285.2 196.0 217.0
(wavelength:
nm)
L%aLWﬁdﬁl‘ﬁ/ air- air- air- air- air- air-acetylene | air- air-
acetylene acetylene acetylene acetylene acetylene acetylene acetylene
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4.1.2 MIGTLURIIFCABAIAITIN NINHGIPRUAZNMTAATITARILTI™

FNINERIENIATITHYEINAIUAN

97N stock standard solution V83 NaILAI (AAS grade, Ajax’) AINNITNTU
1000 lwlasniudadaas shandesdesidneannleson ialwldnnududu
WanzEy Ae 0.2, 0.6, 1.0, 20 uaz 50 llanswAdiadans andwihasazane
mmgmﬁm‘%:mmﬁy'mmﬁwmi'@mmsg@ﬂﬁmmﬁ’smﬂ%"aa Atomic  Absorption
Spectrophotometer flauenanan 324.8 wiluwas wamyianiallaisnsv
VAN (gﬂﬁ 4) wazih lemiamyUSinn nasuad Plumssnavosnzlsouas

ANINLAN

Eﬂﬁ 4 m']wymsg'mmamwsa:mslmmg'mwaau,m

F1IRENI1HNNIITHYEY &N

91N stock standard solution 289 AN lABLASLNINNIITI anhydrous
\W&N chloride (FeCl,, Fluka®) sianazasuazdiuysmnassasinUnaanlesan 1wle
arududn 100 lulasniuwdsdaes handensdsineanlesan ielile
anudNTumanzan fe 0.5, 1.0, 1.5, 2.0 uaz 5.0 lwlasnudadans antuwin
m‘mzmﬂmmgmﬁL@%wmﬁv'wmﬁwmi’@]mmsg@ﬂﬁmmﬁam@ﬁ?'aa Atomic
Absorption Spectrophotometer fnuENIAAY 248.5 wilwawas swamyiaf el
FINTININAITIN (Eﬂﬁ 5) uazih lddwrmmdIunm  wan Plusnsaniavas

VzUT9uas NN
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311 5 NMHNNATTIUVBIRIIALABIATFIUARN

FINAILNIAIFINYDIFINE

97N stock standard solution 189 &9nd laBLa3ENaINANSTI anhydrous
§In=8 chloride (ZnCl,, Fluka®) thanasasusstsuUsinasdesiiineainleaan 19
Teanududn 100 lulasnsu/@isdans ihandessdindnannlosen tialile
AT WRANzaN @8 0.25, 0.5, 1.0, 2.0 uaz 5.0 lwlaInsw/dadaas 3Nt
msa:mﬂmmgww?'iL@%wmﬁ%%mﬁmﬁ@mmsg@ﬂﬁmmﬁamﬂ%aa Atomic
Absorption Spectrophotometer fiaugnIaan 213.9 wilwaas uamyianlell
FINTNINAITIN (gﬂﬁ' 6) uwazihlUdmamdSinm §Ined Alussanaves

VU THLRZRANLAN

3111 6 NIININATIIUVBITNIATABNATTIRFINLE

ﬁ’?i&&’ﬂ’]ﬁl&l’]ﬂ?j’)%?!é)dﬁtﬁﬂl]

21N stock standard solution V89 ALAaw (AAS grade, Ajax®) AMNLTNTH
1000 lwlasniudadans shandesdmesinannleson ielildnnududud
WanzEy Ae 05, 1.0, 20, 3.0 uar 50 llasniwiliadaas andwinasazay
mmg’mﬁm’%swmﬁy'mmﬁwmi’whmsgﬂﬂﬁmmﬁaﬂm’%'aa Atomic  Absorption
Spectrophotometer  fianugnanan 671.3 wilwwas wamyianlallsensv
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e (U 7) washlddwamnsinn Sfsy Allusssiavesnzdiuas

ANNLAUN

3UN 7 ATINNNAITIUVBIENTAZANBAATIIURN LY

ﬁ’)iﬂ&’ﬁ’lﬂ&l?@?iﬂ’)%‘ﬂﬂd@l;’ﬂvﬂ

21N stock standard solution U89 ALAaw (AAS grade, Ajax®) AMNLTNTH
1000 lwlasniudadans shandeasdmesilnanleson ielwldnnududud
Wanzay Ae 0.1, 0.5, 1.0, 20 uaz 50 llasniwiliadans andwinasazay
mmgmﬁm’%zJsJmﬁy'mmﬁ']&]']i’ﬂﬁi'm’ﬁgﬂﬂﬁmmﬁ'sﬂm’%'aa Atomic  Absorption
Spectrophotometer ANWEIAAL 217.0 wilwawas shwamsiafileldsensm
VAW (gﬂﬁ 8) uwazhlUfuwimySunm Aoy Afluansanavasuzlouas

ANINLUN

0.025 7

0.02

y =0.0038x + 0.0003
0.015 -

\& (217.0 nm)

R’=0.9999

-

AMIQANTIHL

0.01 -

0.005 7

0 1 2 3 4 5 6

ANNdNTuVaIFITATAIININTF1MLead (ppm)

.:.- <
E‘].]‘Yl 8 N3N AITWVBIRIIRSAHNIATIZIUASN

F1INZN18UT0791 UYBIUAALTYN

97N stock standard solution 189 ueaEsy lagteIouaNMITI uaaLSow
carbonate (CaCO,, Fluka®) thanazansuazUiulsunaseasindsmanlesan Tls
anududn 500 lwlasnsudaaaas dandensdeiilneannleaas ielwle
AT Uz aN @8 2, 5, 10, 20 uaz 30 lulasn3wAaaaas ntwInETAAN

NAIPIUNATDVINNINUANNNIAAINNIQANAULEIGILLATEI  Atomic  Absorption
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Spectrophotometer AANNEMARYK 422.7 wWlwwas namanla lWgiansw
A U 9) uazihludwmmtBinm ueafon nillusssiavesuzlius:

ANNLAN

1 ! R = W*"

[+] 5 10 15 20 25 30 35

- 3 Qpm)

31N 9 NTHAAIFIUVBIRIRTABINATIUUARLTEA

FINEAIYNINTFIHYDIUNN T8

90N stock standard soluon 289 wuniifey  lasieIouanniss
wunilBan chloride (MgCl,6H,0, Fluka') ihanazanguazdiusnasaasingsieen
Tosaw Ildanuduts 500 lulasniudadans ihansaasdsindnannlosan
welwldanudutufimanzay s 0.25, 05, 0.75, 1.0 uaz 2.0 lwlasnsu/daaans
mnﬁuﬁwmsazmym@sgmﬁm‘%zJwmﬁy'mmﬁmﬁ@@hﬂw@@nﬁmmﬁamﬁm
Atomic Absorption Spectrophotometer “?'immm'mé‘u 285.2 wluluay ﬁ’mamif@ﬁ
laldasannuanasgin (Eﬂﬁ' 10) wazihlUdmomnysano wunii@es A5luans

sNAVBINEUTILAZRANLAN

1.2
1 R?2=0.9969 -7
o~
-
- 0.8 e
i ,/
/’/’/
0.2 2
s
*
o
4] 0.5 1 1.5 2 2.5

s i e & ma e waniielea (ppimg

l:l a A
Ell‘ﬂ 10 mﬂWmmgmmaamsazmﬂmmgmuuﬂwﬁnw

FINAILNINIPINYDITAL LN

27N stock standard solution 284 TR (AAS grade, Ajax®) ANNLTNYY
1000 'lulasnswdadans handessdmsirnaanlesean elwldanududud
ANz A 5, 10, 20, 100 waz 200 tulasnIw/iiadans mnfuﬁwmsa:mﬂmmyu
ﬁm’%wmﬁv’wmﬁwﬁﬂ@hmig@ﬂﬁmmﬁumﬂ%'aa Atomic Absorption
Spectrophotometer fin1NgIARW 196.0 wlwwas shnamsianlalusironsa
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A QU 1) uazihludwnmdiainm fades niilusssiavamzlius:

ANNLAUN

0.1

0.08 n =uv.7ou/
0.07 /
0.03 -

0.02

0.01 - §

0~ |
0 50 100 150 200 250

A1

sl hmormenerssgnselenium gpm)
3UN 11 anwanasuasaIazaBINaIIuTaLilsy

4.2 MaAenzinlsanm dawkea lag3s UV Spectrophotometry

w3puaIaza g Wl NTuresdafiion  an  Faflewlesenlod  (Sigma-
Aldrich®) lldanudndu 1000 lulasnsuAadaas udndeaslildanududu 25, 50, 100, 150
waz 200 lulasnsw/iiadaas awnﬁ?uﬂLﬂ(ﬂmia:mﬂmmgmﬁmmﬁwﬁu@m6] W1 1 UaAANT uaaLa
conc. HCI U3u1as 4 TaRAnT wasaniuda 1.5% 2,4-DNPH-NEDA 15113 2 iadaas udaasnoly
TiAadfAsenduam 10 wift navniudsudsnnesliidu 25 Sadfes e shdnannlesau
LLﬁ'sﬁw"Lﬂi'@mms@@ﬂﬁmmﬁmmm'mfé"u 520 Wilwaas §39NIINUNAIN (gﬂ‘ﬁ' 12) 9w
éhazmmﬂmiaﬁ'ﬂmﬂﬁmammmmﬁmumiziamm:m’%ﬂmﬂumm:mﬂmﬁ'lﬂﬁﬁ%m
nimamﬁ'uLLﬁ';ﬁ'lvl,ﬂi'@mmsgmnﬁmm fAuwrmmUsmlagiiauannwaiasgu

311 12 nWanaIIuasE Tz BN I IUTALY

4.3 mylanzdnilana lusenlaglsyanagay boron test kit
esandimsildlunsnaseulaginaiions colorimetry lisunsnasrany
USaunmuvad boronle laswuinfuessnsanaiimssumuiuesmaiiasnsdsznaudeton 39%6
ﬂ%’mﬂ’é‘ﬂuuﬂﬁgﬂmaau boron test kit lagadgnanmIsnalwinudlaiund
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I3 3 .
4.4 Meznlsanmualsfinaudsia (Total carotenoids) lag3s UV-

Spectrophotometry

& a € a = 6 a a
wWwmitarzunidiun MLLﬂIi‘Y]%E] LIRS NI@ ULNUUNURIIVIAIFIN 3-carotene LAY

ﬁ'ﬂmmi@ﬂnﬁuumﬁmmmmﬁu 450 W luwluas
441 miL@l‘%U&mﬂ‘V\lmmgﬁu (Standard curve)

MILe38Y Stock standard solution ¥ildlasTiasanasgn R-carotene
(Sigma-Aldrich®) 5 fiaansn arauluaunmues 10 Fadaas Mniwhasaza s
luBenadalwldanuduiuiiinanzan fo 04, 0.8, 1.6, 2.4, 3.2, 40 usz 4.8
lulandw@adfns sanmuwinaswszwivanududs wnu x) Audimsgani

W& (Unw y) dauaaslugin 13

gﬂﬁ 13 NWNIATFIUVBIANTRLANBUIAIF U R-carotene laydT UV spectrophotometry

4.4.2 MALaBNMBEWANTITAAINIANAUUAIFIY UV-spectrophotometer

A08719N 1 TR TRN A NNANTU TR ANINLIINI IR RN FNAG2 Y
' ¥ & = o & ' & &
LOANBTDR (95%LENNUBR) WATEIWINAK TIENTANANIRDIFIUUY  =RIUAaUMT
a A A o oA o A _aa v o . &
ESUNNANAWAY ABRZANUAILLUNTIHEAT0 UaaanT La2inll sonicate t1luiaan 15
W REINHUSINTAHBNTEAMENTENUEY 1 wazFNNTDNETazase NNl

i'mﬁwgmﬂﬁmmﬁmwmaﬂﬁu 450 W lwlas fwdwAUTuno

4.5 M3IAILAR1YIN B-carotene Tna35 High performance liquid chromatography

ﬁﬂ’l’JZﬁL‘V\N’]ZﬁM‘DﬂGLﬂ%aG HPLC lumﬁmsw:ﬁmﬂ%mm 3-carotene

- UV-visible detector (m'mm?ﬂa% 450 uqumes)

- C18 column (Hypersi|® ODS 4.0 x 250 mm)

- Mobile phase 13znauaa8 lwn1waa : Acetronitrile (ACN) : Tetrahydrofuran (THF)
(75:20:5)
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HANIIANS

- 8@71NNT 1 MaV89 Mobile phase 1.0 Jadaav/uf

451 ﬂ’]iL@]%il&mi’]W&l’mig’m (Standard curve)

\ATBY Stock solution l@HlTANT Standard R-carotene 5 NAANTY azaeln L
mMuaa 10 §adanT udrasaraoduiillasaodis  wNIues : acetonitrile
tetrahydrofuran Ib8ATIEIW75:20:5 LAa IR e T uTuiitaanzay o 0.25, 0.5, 1.0, 2.5
uaz 5.0 lulasniuiadans ihmsazmensnualddadieias HeLC TAANNFIVAY
Reofile awnfua%wmwﬂmmgm (g'ﬂﬁ 14) SEAINONUTUTH (WA x) NUANNF

2INA (WN y)

3UN 14 AMAINAIZIUVBIFNIAZANBNIATII B-carotene layiT HPLC

4.5.2 MIOTUNAIBEIFIRITUMIRIUSU ™ R-carotene @28LATad HPLC

@208197 Mz lFRITINAINNNANUTIIRATANINLNINIFDIFEIH  HINIRZATE
¢18 mobile phase NMFlWITULY8I HPLC @8 LWy uaa : ACN : THF (75:20:5) 10
188803 wadiin'ly sonicate 1WA 15 w19 NIBIHIUAINTBIVUG 0.45 TuATOU KA?

inlUaadne3es HPLC duwimmUSunanfisununiwanasgis

1. MISIASLNFITANANELIY

NNMIanafatINaNzdNuaznInnuin ldsasaraasdSunmansana (%yield) :nnnd 2 3%

AIRAa 1. MNEINVRNIINAK WUTBUAZVIUTINRITENGN bRy AN RaLas N IR LA Ia283T

freeze drying WiNNU 2.14 % (321319) a2 4.03 % (WANLIN) 2. IINMIRNAGIY 95% LANUDALAS

nlkuRssaiaad rotary evaporator wusasazaastSunaatanan lelisunuiiwinga winnu 1.11

% (MzU319) Uaz 0.06 % (WaNNLN) waswuSasazaadUSIMaTENaN lalAsunuiwinuRs inny

8.25 % (Nz1319) UAE 6.24 % (MUNLAN)
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2. n15ﬁmannﬁ'{ﬂadmmﬁ'mu:ilﬁamemnmh'lun151’]30ﬁ'uua:ﬁu;;\lmazmwﬁuﬁ'aw
A5msdnm
2.1 nazasasanaazdsuasnanntlumsanaandiadu Tna3s ABTS assay
FIRNANINUA 4 nguda WNEUINHARINNLIN, FISETARINNLINGIY LBNWDS, TIAKINNKE
0210919 482 MIFNANANZUTIEIY LaNIHEA FIUN trolox ( positive control )Vlﬁgﬂﬁ'm'mmamm?;
lunsihdnauyadaszlanis ABTS assay mimaauiﬂU%%f':"l,ﬁil“ﬁa%aﬁmz ABTS ™ fuduaian
F93rmiluatsanmedonlasiih ABTS i liidueuyadas: lavnissendladarnlnunsiduoaies
Tae lAnanedu aUNA ABTS" ﬁmmmgmﬁuumﬁﬁmmmm'&‘u 734 wlulas ANURINTD
1umiﬁﬁ@awaﬁm:maommﬁ'@"lﬁgﬂﬂsuﬁuhUi’@mmmmin’lumi reduce BuRBATE ABTS"
%awamsﬁuﬂxm%aﬁﬁ@awa%m:anmmlﬂu %inhibition 99 NNNIINAREIWLIN LlanaseugnTln
MIAnaYABFTZIBIETINAIZIU trolox  WudauLiuTuad trolox ﬁmmsmﬁﬁ@awaaaiﬂﬁ

50 % (ICyp) LYINNU 23.67 pM é’aumﬂugﬂﬁ 15

80 - y =1.6923x +9.9379
70 1 R2=0.9889

ICso=23.67 UM

%dnhibition
(o)
o

0 10 20 30 40 50 60
C oncentration (LM)

31U 15 Hawey trolox lumathdnauyadasz 1ae3% ABTS assay. uFAiDYaeEIUAN mean + SD

(n=4).
< o o a o o . o
mimaaquﬂumiﬂwwa%aaaiwaamﬂuua:msaﬂwmﬂLmu,azmﬂsw I@]Ul“ﬁ trolox

feNULTuTH 25 pM LI positive control WUINIHNIABLAERITRNARUINLEILAZNZUTIE F1UNTOANH

£ A ) o o A
anteandiatuld dausaslugli 16
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120

y=0.1061x+35.611
100 R?=0.9993

y=0.1986x+18.872
R?=0.9911

80

60
1C50=135.62 pug/ml

% Inhibition
N
S

% Inhibition

ICsp= 156.74 ig/ml ©

20

0 T T T T T 1
0 100 200 300 400 500 600

0 50 100 150 200 250
Concentration(ug/ml)

Concentration(ug/ml)

80.00 -

100.00 - c 7000 D
00 | =0.6113x+5.2053 T
90.00 y=0.1606x- 0.0449 ! R?:Oxsa;ss
80.00 - R?=0.9921 60.00 :
£ 1000 1 £ 50.00
260,00 - £
E ] 2 40.00
z 50.00 £ 1C50=73.28 pg/ml
= 40.00 1C50=311.61 pg/ml X 30.00
S
30.00 1 2000 -
20.00 4
10.00 1 10.00
0.00 T T T T ) 0.00 . . : : .
0 100 200 300 400 500 600 0 20 40 60 80 100 120

Concentration(ug/ml) Concentration(ug/ml)

311 16 wavasmIsnanInnuazuzdlumMItdneuyadas: las3T ABTS assay (A) Haunann
W (B) ansananannainlugy lanues (C) ¥nauuzdsnd (D) asanauzdnalutih Lanuaa. Laad

v

auaMEA1 mean + SD (n = 4).

a’mmsmaaawmf’]Lfiamaaqu%ﬁumsﬁﬁ@a%a’éaswaamiaﬁ'ﬂﬁu 4 ofia Aavinau
Wi msaranunnLn sy LONIUAA, ihanuzdsouss satauzdalusu enues wuias
ez slutu Lonues ﬁqwﬁmﬁqﬂﬁwm ICs, = 73.28 pg/ml WouBufipusninaiau uas
FIRNA LTS LONBER WUIWIRTARANLTILAZ AU IUT La1oa ﬁﬂﬂ%fﬁmaaﬂ%mfu"lﬁ

ansnawn

> 1 o & e aa a ad
2.2  wavasarsananzdssuazrannn lwnsdusanlasiardnaladnioainalsalagi’s
modified Ellman’s spectrophotometric method
o ' Lo & ° AA a
MahansanaNslNILazRuInm InasaugndtugInIvnwsadenloiesdialadulas
1!aL38 las3D Ellman’s method 1Junsiansvinausadien lodesdaalaauiasnalsalasiaain
a { a ‘§/ aaa é o v {
13NNt 5-thio-2-nitrobenzoate NiAaln mm_lg]ﬂim“ua\‘l Acetylthiocholine iodide (ATCI) TIVRUNDN
Wuansasen lasdianlodozdaaladuemnaissidnriiugisen el Thiocholine was acetate 1o
a v a a a . . a IS . . ‘d
\@ua3azane DTNB 111 1Y astians3uny  Thiocholine tAaLilu 5-thio-2-nitrobenzoate TIXRARD
A A A
TINWINQANTUURIN 405 W1luiaas
Lo & A a . '
lunmnasougnddugtonlodezGialafulaginolsguaissnIaIg Ik tacine  WUIIAWY
\TuTuae9 tacrine AauNsadugINMIinwuadien lodazdaaladuaainalsala 50 % (ICs,) Winnu

0.83 pM é’ummlugﬂﬁ 17
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A ) . o & T a
3‘].]‘" 17 Nfﬂ“ﬂax‘lﬁjﬁuq(ﬂigqu tacrine (ﬂaﬂqiﬁluEl\‘lLauvlmwazsﬁ@ﬂIﬂﬂuLaﬁLﬂﬂLiﬁ

o & Lo & o .
AIRWIUNNTNARALENDEUHILaW I T s TRalaR UL NBLTEVBIFIRNANZU TIILAZRANNLNN
3914 tacrine AiauNTW 0.9 pM 1w positive control HAUBIRNITENANTUIIMATANINLENLUANT

HUHINTITVNINUYBILOU L 02T A R AR LARLNALIF LA LR b1 TN 7

A13191 7 HAVBIRNITANANTUTILRZRINLINGENTHU LW N 0 TAR L ARULOFNBLIR

d13 % inhibition of AChE
Tacrine 54.83
YNAWINHARUNALN 5.97
FIIRNARUINLANG Y LaNIUOA 3.98
AwINHANZLTS 16.48
FIRNANANZLIG Y LaNUEA 17.90

£ o & o ' o
Qjﬂwaﬂqiﬂ@ﬁauﬂﬂ'ﬁluﬂqjﬂuEl\'iﬂ’]iﬂr]\'ﬂu“llaﬂLﬂuqsﬁﬁazﬁaﬂiﬂauLaﬁLﬂaLiﬁ WUAIRIIFNA

'
A

v o \ £ o & o
wnuihfianududu 1000 pg/mL lifignslunisdugsnsinvesenladezddalafueamnaiss

PR 1Y % P v o a £
lumm:ﬂuﬂﬂumnwamﬂm LRTRIIFNANZUINNNIY  LEBNIUER NANLANTY 1000 MUg/mL &lf]‘ﬂb'l%

AMSHUHINIITNI UV DIt ke TAa LARULOFNOLTR F28fN %inhibition = 16.48 WAZ17.90 ANUE1AU

[ a [ [ 1
2.3 sanmInadauaNatdninvasarsananzlsnuazrannuinaatsaadszan
Neuroblastoma
nagauaNUduNBvaIasanadalsaslsza1n Neuroblastoma (NG108-15) lagshansanans 4

n&jwﬁa HAUINNNARUINLN, RITRNARNINLAINIEY LBNIUDR, HIARINHNANZUTII LaS FITANANA

¥zlT196028 Lanues NANULTNTRENIg (0 — 100 Hg/mL) INUNALLEES 2 T2 119 KAIINUUNAFDU
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anuduisreIgIana 62835 MTT reduction assay WanmInasauaNdtdwiwvasasanauzlsg

wazwanuin wudansenans 4 slefenududuaiud 0 — 100 Ug/mL ldilWifieAwdsimas

528N LLaméﬁgﬂﬁ 18

ME MW

06 - 0.6 4

05 - 051
©04 D4+
So3 D3
° o
.20.2 g 5(0.2 1

0.1 1 01

0.0 - 0.0 -

control 0.1 1 10 100 control 0.1 1 10 100
Concentration,sAg/ml Concentration,sAg/ml|
PE PW

0.8 4 08 -

0.7 4 0.7 1

0.6 - 0.6 -
805 S 05
S04 S04
o o
203 | 5 031
<E0 2 =02

014 0.1

00 00

- control 0.1 1 10 100
control 0.1 1 10 100

. Concentration, +g/ml
Concentration, +g/m|

311 18 wamInaseuaNnuLluiBaIanIaEna 4 sia: a1IEnanIINENGIY Lanuea (ME), i

ARINNARNINLAT (MW), 81I8NaNauzl19628 Llamuaa (PE), aunannuanzlsng (PW)

2.4 nazasasanaxzdIvnazraInn lwnsilasiwnisrinatgasdszanainniag
oxidative stress a1Liba991n Hydrogen peroxidetﬂ 835 cell based assay

FIANANIRUA 4 néjuﬁa TARIINHARNINLNT, FITFNARNINLNIGILLENIUER, HIAUINNKE

Qs U g; . L3 o l{

N9 Uaz sIRNANANZLINGI8LaBaR TIUNY trolox ( positive control )"L@]Qﬂmmmaauqm

o ° & . . o A . aa

lunstlasnumsiasirass=aInannae oxidative stress 8uLiladan Hydrogen peroxide laeA%

MTT reduction assay WadnUuLTARLUIZa N Neuroblastoma (NG108-15) @I8RIIRAA #38 &3

V1A337% 2 72189 maﬁa:gﬂmﬁmﬁﬂﬁlﬁﬂma: oxidative stress lan13UuAY Hydrogen peroxide

38



< o & £ [ o . .
250 UM 2 T7lus nasanuunageugnslunistlesnunisinaisiasdszanainnaiig  oxidative
stress 229838NA  laalaanuauInlunIizinseavediaad (cell viability) d283% MTT

reduction assay
' { £ o ° . .
NnMINaassnLiItienasaugntlumstlesnunvanswaslszanannanie  oxidative
o & a ' o & & ' £

stress VIFNTRNANG 4 TAA WUINEIRAAIUTWENUEA NINARaNzUTIILAzRINEN S gnDuTIln
mstlasnumarnansioasdszanainn1iz oxidative stress ﬁgﬂmﬁmﬁﬂﬂﬂ Hydrogen peroxide
TagWUINENTENA MUTWENIUER NIMNRANZUI AR ANV UTUAILA 0.1 pg/ml §IWTD

PN AAda & 1 Ao o o A ~ A ) oA . a
WumMiTinraavesaadetslnednnillafouiisunungufitude  Hydrogen peroxide LiNed

' a P A F & o v o & ' =
athadien (JUf 19) lwanenihauwnnuanzUnuazninnsfionududuasud 10 pg/ml 353zua0g
£ o o & a Ada & 1 Ao o o A a o \ oA
ansdunIhmssssdizanlasiansiiiintaavesaasatnilisiayilanSoufisuiungan
tuee Hydrogen peroxide \gdaEndlfien aanibiilailSouifiousenineinan LasaIana lugswiam
& ) ' & a £ o o

won  NUINNIETENANsUTsuazrannEnluy  lemuea  Agnidasnumisyinansisaslszaanain
Nz oxidative stress laaniniiau Finan1Inaaadfildan cell culture Wuwldluuwimadsanuna

v A @ o & £ Y o
muaanmmﬂum AANANDI muquﬂumsi’l aanuMIvanslasdszananaig

oxidative
o { £ o a & .. .
stress VaJIRIIRNG mmﬁaommnqmmuaanfnm"nu (antioxidant action) Y83813
120 120 -
%,100 7 H,0, 250 UM = 100 == H,0, 250 uM
§ 80 - § 80 - .
) *% S
£ 60 1 ; g 60
z z
= 3
ig 40 + e 40 A
3 I
© 20 - © 59 |
0 T T 1 0 T T ]
Control 0 0.1 1 10 100 Trolox Control 0 0.1 1 10 100 Trolox
10 mM
m ME pg/m 10 mM
MW, pug/ml
120 4 120 ~
H,0, 250 uM
100 ~100 == H,0, 250 uM
° o
= * I
§ 80 - * * § 80 - i » i - "
o [=) _
£ 60 | < 60
z z
240 2 40
> >
I 3
© 20 © 20 -
0 T . 0 . . )
Control 0 0.1 1 10 100 Trolox Control 0 0.1 1 10 100 Trolox
PW, pg/ml 10 mM PE, mg/ml| 10 mM

u

31N 19 NaTaIENIENANLLINIURZRANN L%J"‘Il%ﬂ'ﬁﬁ 29NWNIINIAN iJL"DﬂE‘?‘].JiZﬁ'WﬁJ’]ﬂﬂ’TK

oxidative stress alH%a9a1n Hydrogen peroxide: HAKINNHNARAUINLAT (MW), BITINARIINLANGE

Mwaa (ME), auannwanzdsy (PW), sssnanauzdingals lonuas (PE)
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2.5 nazasasanaarlTnazranneinlunsilasnwasinaewasdszanainns
Wita111@8 beta amyloid lag33 cell based assay
MIFLENVDY beta amyloid plaque laNaI&I% hippocampus ﬁmﬂummqéﬂﬁrgﬁriaslﬁﬁﬂ
wensanwaaslsnsalawed aniudramslesmunsailasiunisiiaRsseisadues beta amyloid 16
e lomlasnebelumstisrzaamsiianstanwaaslsesalauaasld sninlunmasasii
leAnvnavasmsrnanInntuazuzUslunsilasnumsrasiwasdszanain beta amyloid

\etuimas C6 cell dae aggregated beta amyloid 1-42 ﬁm’lm“ﬁwfu@i’mﬂ 1uaan 24
#7184 WU beta amyloid 1-42 ianuidudu 25 UM sansamisnhlfiAensaesvensadle
Uszanm 50% (gﬂﬁ 20) e91uIsLdan beta amyloid 1-42 Aianuidudu 25 M Walddwiums
nagoUNaTaIEIEnadantsasiumM M TasIasINIIRieneaY beta amyloid TagdT cell

based assay¢ia |1l

120 4

100 -
80 4
60
40 +
20 4
0
25 50

control 10

% Cell viability

Concentration, micromolar

311120 WA beta amyloid 1-42 NAMNTNTUGI 9 damIapvaITAs C6

PMNNINARBINENTENANT 4 TRANANUITUTUE9 9 ez aggregated beta amyloid 1-42 1
v v ] ¥ I ﬂl/ 1 L g; a Afy >
ANUTNTR 25 UM anduimasiniziaeaduas 24 Talas wuisssnans 4 siaeangndilaanu

o . 1% R 7 ' v o &
ﬂ'ﬁ‘ﬂ']ﬂ']ill,‘ﬁaf‘ﬂ(ﬂﬂ beta amyloid VL@] I@]ElW‘]J'J']u’]ﬂuﬁ]']ﬂNﬂﬁll']ﬂLNW@]GLL@]@'J']NL“llﬂJ’]J% 1 MM ?J%VL‘]J
a Ada € 1+ Ao o o a d a o S T
FINITDENAINITNTINTDAYDILTRRD LN UL RIATY LNaLﬂiUUL“ﬂUUﬂ‘UﬂQMV]UN@]QU aggregated beta
. a . a A o A A a a A o Y
amyloid 1-42 LWgNa8Lae lmlmz‘ﬂ FIIRNANLARDON 3 TUA A KRITIRNAWRNUINLNINIY LANIUDA,
ﬁqﬁ%ﬂqﬂﬂawgﬂiflﬂ LR ﬁqiaﬁﬂﬂauzﬂiqﬂﬁQULaﬂfluaa aquqiﬂLﬁNﬂqiﬁ%ﬁﬂia@lmaﬁL‘ﬁaﬂgaf_i'Nﬁ

wndAy WallSeufisununduiluean aggregated beta amyloid 1-42 iE48E19G87 Tdasudaa

v o & [ A
\indu 10 M auly asgui 21
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120 - 120 4

100 - :100 8
° o
= = 25 uMof Ap
24 25 uM of AB S8 | .
o
© S
S S i
3\;60 ;60 % *%
E 20
] o
8 20 ©90 |
0 0 -
Control 0 1 10 100 Control 0 1 10 100
MW, pg/ml ME, ug/ml
120 -
120 -
100+ 100 -
E S
Sgy | 25 uM of AB = 25 uMof AB X
o 8 80 b
° 5
X °
:60 B . ok £60 | . il
= 2
a =
'S 40 A § 40 -
= >
3 3
20 - © 920 |
0 4 0 -
Control 0 1 10 100 Control 0 1 10 100
PW, pg/ml MW, ug/ml

st 21 wavasEIEnaNzUTIwazrunailunsesiunsiansisaslszanan - beta
amyloid: ¥ABINNNARUINLIN (MW), R1IeNanaNnsasianuaa (ME), tawainuansdss (PW),

fIEnaNauzlINIaIsleuea (PE)

v
P

2.6 ﬁnmqn%ﬁlumstﬁuu,a:‘mluﬂun’nsﬁsmé’uazmwé’maamsaﬁ'ﬂwmnuhuazmﬂmﬂu
dninaaas
Ag dy v ad . 6 g
nuamMInasaugndidasdulasitnenasanassd (In Vitro) uaz lwaasiwizides (cell

' o ' 7 P £o o . P £ )
culture) WU’J’]EI’]iﬁﬂﬂN:US’NLLE\I&%&J’mL&JﬂWH%La%’maa yOHnoniaan free radical LLEI:&Ifmﬁ‘ﬂadﬂuﬂﬂi
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MAELTaaLszaINININAE oxidative stress WAz beta amyloid laaniniiau F4ldidensnsana
& £ ) ) . @
vrinsuazrannn lusuamueannd@nsgnslunstlesnulia Aizheimer dali model dainaaas
Y £ a Pt a a a @ o A ' o A va
lagldnaseunnilunisfiuussluyusziniaundouiuazanuirfiunwiasdwiasanlasy
scopolamine 1%%%&“(161@60 lalsluiaadnmn @ Morris Water Maze #1WILIAKA long-term memory
I8z modified Y-maze §1%IUIANA short- term memory
2.6.1 wazasaTENanANNILazaz g Aan SRl szANS MW auIuas
AuIlaeI 5 Water maze test
£ Y ' & ' a a a
andrasmIaEnanInnuazuzdsluTuanuea domaulszanSawms
a v o = . AV var
Gouduszanwdy gnnesevlasldluaafinwn Morris water maze wuildumnamou
fadaru 7 uldgnihanmeseunatouiedidunislasldnygieiludnh  (water
k3 v =] [l dl 2= ‘14 dl a
maze) uflnuHnmuEuIed (platform) Mienliduininiies  dezfiuenuaaunsalunis
Wuddninmwnatouiuazanuilasmudisuifisuszsznmlunsmduniimasusn
389 (Escape latency) vadnguanmazeulSuuisunungueIuAuLnG (sham) wWam3
nanaswu iy ldTumIanauzlMauazninnE luTL Lenmes IuIa 250 N/ §1N1IN
nizgunadouiuazanailddninguainquindatedisdaymeadaluing 3 waz 4

A A . i a a a a [y °
UBINNINARDU (Eﬂﬂ 22) lummz'ﬂ tacrine VLNNNaluﬂqilawNﬂﬁzﬁﬂﬁﬂ’]WﬂWiLiﬂuELLa$ﬂquﬁ]’]

4= sham
60 7 == g3afannnuin
== g3aauslI
- 50 1 = Tacrine
o
&
= 40 -
> %
o
2 30 *,
<
a
S 20 - *
w
[ *
10 A
0 T T T T 1
0 1 2 Days 3 4 5

gﬂﬁ 22 NaY8Y ’ITENARNINLEILAzNzU TS luTwaNUeR @iamsLﬁwﬂixaﬂ%mwmiﬁﬂujua:
AN lagAT Water maze test. LL&@G“ﬁaga@Twm mean + SEM (n = 10). * = p-value < 0.05 1i/8

G a s 1 a
Lﬂiﬁumwnmqumuquﬂnm

]
~

2.6.2 Namaamsaﬁ’ﬂﬁmnLaiﬁttaz&lzﬂ‘swa@ian1sﬂuﬂun1i|§ﬂu§ttazm’mﬁ’m
UNNWI29auLa991n AU Scopolamine Ina35 Water maze test
£ o , & e o
andvasmIananaInuazuzddluTemues  lunmsuynnzanuduaznng
a oA 1 o € A A o v . =
Fouinunwiadludainaassignindeavindis  scopolamine  gnnamaulaslfluiaafinm

Morris water maze Faifluluian §1m3UIana long-term memory wynaaasNgnInAethlid
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nmrmIBpuiuazanuiunwiaslay  scopolamine uazldsusInaseuldgniumasey
ﬂ']il,%'mufwaﬁw‘hl,mﬂﬂ@U’Lﬁ%ﬂ@dwm{ﬂudwﬁw (water maze) LLﬁﬂﬁmﬁﬂmmem
(platform)  fita1 13 Buwniwiias ﬂizLﬁummmmsnlumsﬁuwﬂﬂizﬁw%mwmﬂ%mfuaz
anuinlasmaUSouifsuTzosia I ImdunlsaILERIad (Escape latency) VBINGN
msmaauLﬂ'%zmL‘ﬁﬂuﬁ'tumj11muquﬁﬁﬂﬁmma‘huﬂwiaﬂ@sJ scopolamine

53"3“?1'1571@]@80&%1‘5%% ICR mice LWﬂQﬁVL@T%'umsmaau?]@@iaﬁ'u 7 TuaninliGoug
faz ey ﬂ’dLLﬂuﬁuﬁaglﬁm{ﬂﬁ lasnuan®in Juas 4 soUaunIENIna Al lumIniurin
Bunaf 1w 4 3 é’agﬂﬁ 23

80 -
70
60 -
50 -
40 -
30 -
20
10
0 ‘ ‘ \ \ \

0 1 2 3 4 5

Escape latency (Sec)

Training Day

317 23 nNWLEAIIE Laasﬁl"ﬁ‘lumimmea\ﬂ,wﬁ’mn’mﬂnﬂ@ﬁdw T SRTCIE T R

YILHWIDI

mi"amﬂﬁ?umaauI@wk}ﬁgﬂﬂﬂdﬁmﬁmﬁn:‘lﬁ%’umsmaau Aauflaziaaudae
Scopolamine tianitgniliiAnnnzanuindenludasnasas lunmsmasasiladnnsle tacrine (iu
§1INATZIN wamimaaqwujmﬁvlﬁ%'u scopolamine Lig9atnaLden A lumInuHsIa I
ﬂ’j’laﬂﬁdﬁﬁﬂﬁ’]ﬁ@ﬂ’]dﬁﬁ?\Lﬁmﬁﬂuﬁ'uw;},mj&lﬂ’mﬂu (gﬂ‘ﬁ 24) HANINARBITIHIANIN scopolamine
mminmﬁmﬁﬂﬁ%gﬁm’s:mwm‘hunws’aﬂﬁ \el#t tacrine s’fjaL‘ﬂumsmmgmaaﬂqw‘fgﬂ'ﬂsﬁy’omi
nauaadiawlasl acetylcholinesterase luau1a 10 uA/AN TINNL scopolamine WNNUNAaay WU
wilflalunmIniunuias  (Escape latency time)aﬂadasmﬁﬁfﬂﬁwﬁmvwwaaﬁal,ﬁmﬁwﬁ’w%nsju

MMuANliaNIzANNINFEN (p < 0.05) a93LN 24
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=¢=—sham

707 i == Scopolamine

— #it
3 60 - # == Tacrine
50 E‘i\i
)
§ 40 + *
< 30 - *
()
& 20 1
?
wl 10 7

0 T T

0 1 2 3 4
Days

3111 24 Wava4 Tacrine @iamiﬂuyjL%ﬂujl,l,a:mm%ﬁ'ﬂum‘m@mau Morris water maze. W&

Toyaduf1 mean + SEM (n = 8). * = p-value < 0.05 WalFuuifisuiunguaIugunLAIzaNNE

UNWIa4 # Uz ## = p-value < 0.05 Loz <0.01 Mudey WailSsufisununguaiugulng.

fniunynldumaanananniain wia azUnslutiweniuea luawa 250 ugkg a3130aa

DA lWMIMILHUIBY (Escape latency time) lunInagay Morris water maze U848 INARD laaend

a o o a aa dl = = s 1 dl a o dl ' . dl
Nuﬂﬁ’]ﬂiy‘ﬂ']dﬁﬂ@mﬂLﬂiﬂULY\UUﬂUﬁHﬂE}Nﬂ’]UQ&MLﬂ@’lﬂ']’]:ﬂ’ﬂll"ﬂ’]l,ﬁaw (ﬂiﬂq&l scopolamine) Eﬂ‘ﬂ

25 lagasanaanuanzUssliualunmstdasnuwnnizanysden leaningsanaanuaruIniELla

Escape latency (Sec)

D
(@]
]

a1
o
|

N
o
Il

w
o
|

N
o
|

=
o
|

o

wWisusuluauwia 250 ua/mnn

== Scopolamine
== {5 RUN AL
== g3 ANLUT

Days

A o ' & ' & a o °
Eil‘n 25 NRUBIRIIRNANNINLUT LIRS Nzﬂiqﬂlu%ul,a'ﬂ']uaﬂ (ﬂami‘v\luwumiLiﬂuELLﬂ:ﬂ’n&lqumi

Nagay Morris water maze. LLﬁm"ffa%lmT’m@h mean + SEM (n = 8). * = p-value <0.05, \iie

= a o ' aa o '
L‘]Jiil‘]_lL‘Y]El‘]_lﬂ‘]_lﬂQNﬂ?UﬂMﬂMﬂWQZQUWNQWUﬂW3a\‘]
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2.6.3 Nawaamsaﬁ'ﬂwmnLahuazu:ﬂs’mm'amsﬁuﬂ“n’15ﬁ9u§ua:mma§1ﬁ
unw3a9awtitasanlasy Scopolamine Tna33 Modified Y-maze

gnsvassIananunLazuzl el utwanues ‘Lumﬁﬁuwﬁma:mmaﬁwLLazms
L%'muiﬂ?'imwiaﬂu&@fﬂmaqﬁgﬂmﬁmmﬁm scopolamine  pnnasaulaslsluiaadinm
Modified Y-maze @aiilulaian §1wsuiana short-term memory mﬂwamiﬂ@aaawu’jm‘@ﬁ
163U scopolamine tsdasnadenltalumsdrTlusrnlrianas Lf]al,ﬂ‘%ﬂmﬁﬂuﬁ'u%h&
N§NAILANUNG (% new arm entry B83INgUAILANUNG (sham) Lm:ﬂﬁiwﬁvlﬁ%'u scopolamine
fo 442 % uaz 32.5 % mwusew) Welkassnanannui wiessananzUluuwa 250
WNNNAK UinuAadent 7 T riaumﬁmﬁﬂﬁm}ﬁma:miﬁﬁuﬁua:mwmimﬂwiaﬂﬂsJ
scopolamine WUINITTET RN NN ER AN TR WAL % of new arm entry
"L@Tasmﬁﬁfaﬁﬂﬁzmﬁmﬂ%wL‘ﬁUuﬁ'amhl,nsjumuquﬁLﬁﬂma:mwéhL'éaw laglwen % of
new arm entry LYNNU 38.8 W&z 43.4 AURIAL @T&gﬂﬁ 26 INNANIINARDILFAIINRIIANG
NNRanINNLELazaIrNaNNavz e TailasnnMzanuisia short-term

memory WRauLie9an scopolamine e

H#
50 - * %
* %
T * T
£ 40 - T
c
o T
£ 30 -
©
3
® 20 -
s
° 10
0 T T T T 1
Q& <@ o > @
5° & ~ B £
N RS L& <
g 2§ S

3111 26 HAVBITNTENANNININN UAZ veUluTutanIues @iaﬂﬂiﬂuﬂuﬂ’]iL%EluiLLatﬂ’J’mfﬁﬂuﬂﬂi
NAFaUAIY Modified Y-Maze. uaaitayadlnen mean + SEM (n = 10). * uag ** = p-value < 0.05
waz <0.01 enwdaulaiIoufisuiunguamuauniinneaNuIIwnNIas ## = p-value < 0.01 Lila
= a Qs 1 a
wRsuaunuNguAILguUNG

NMINaaadlunaaanaaad (in vitro) LasANIBInNT lIWNITUaNTIATH WazNaREUNS
Tumssiugemsvnnuvesenlodasddaladuasnassvasmiana 4 wiia e iAuaNHARNINLIN
ssanaInWananna e ues ieuanraNzls wazmsananranzl el laniues wui
ssanavaInauzluTuanmues fignTaueandiatu LLsaﬁgﬂﬁmm IC = 73.28 pg/ml ile

WIHUADUTERIIINAY LRZENIRNALALENIHAR WUIINIENIINANLUTI9arRuINLNN LT wanI4es
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fonianeandiatulddniniiew dawmsunmmeseugnslunstudinminauveewlodasdda
Tndwaanalss wuimsatan 4 shelifigninielgniteslumsduginmsienuvesonlsiosd
falasuemnaiss uszanmnaseulmoasinizians (cell culture model) egnilunisilesiums
Maulaalsz8INaINA1IL oxidative stress LazaN beta amyloid %dLﬂumm@;ﬁﬂﬁty“uadﬂ’mﬁﬂ
wenamnaaslinsslowes wuinmssians 4 siefignialumidlastumaiaomssUszanng
INIINNIL oxidative stress LLRz3AN beta amyloid
INMINAFALANSIMsRNANUST R sER ANz Az RN T RN Has §a833
Water maze test wmfﬂﬁt\‘imﬁaﬁﬂmﬂﬁaLLa:%mma\hmuﬁn"ﬁamLﬁwﬂizaﬂ%mwlumiﬁwjuaz
anuinlugainaaasle Lﬁamaamﬂﬂumsﬂadﬁ'uma:mmﬁwL?@NﬁgnL%ﬁﬂaﬁWI@U Scopolamine
luluus18098@TNAREY Morris water maze test uae Modified Y-maze test WunansanauzUanguas
RN TOAALIAN AT UH T B (Escape latency time)lumi“mﬂﬁau Morris water maze Va4
g@l’jﬂﬂaadvlﬁaﬂ?dﬁﬁﬂﬁ%’]ﬁ@ﬁ’]dﬁﬁﬁﬁaLﬁUUﬁuﬂ@;N Scopolamine  wananiiasananzlssuas
AN EIFNNTOAY % of a new arm entry lunmInagay Modified Y-maze test 2a3dainasasle
aﬂwaﬁﬁfﬁﬁwﬁ@mmﬁaLfial,ﬁﬂuﬁ'umjuﬁvlﬁ%'u Scopolamine  1E48HNLA LT FIMNEANTNARDS
ﬁ’:\‘mil@ﬁ%lﬁLﬁ%jﬂﬁdﬁﬂiaﬁ’@ﬁﬂﬂNﬂ&l:ﬂi’l\‘iLLEIZNa%w’lm&i’]ﬁwaL‘ﬁlNﬂi:ﬁ‘ﬂ%ﬂ’w\m’liL%Uuil,l,ﬂ::ﬂ’;’]1153’1
LLazmmm‘ﬂaoﬁ’umu:mmaﬁﬂLﬁauﬁgnmﬁmﬁﬂ@ﬂ Scopolamine 'l¢' Tanfiuars spatial short-term

memory (ANNE13UZEW) LAz spatial long term memory (AINNINIZEIZEN7)

£ [ 1 o =< ¥ ¥ ¢
3. Naﬂ'?iﬁﬂﬂ?f]ﬂﬁﬂadﬁ')5ﬁﬂﬁﬂa‘ill5')\7LLR$WN7ﬂl&l'l7%7’)75@)7%!’)’7')3%&”?[7"7%%%’“&”5

o £ v S [ ' v ¢ a
3.4 mansEnEIARNsasgNE A RBaEI 1Ttz ILazRI N lwagand U nd
3.1.1 NAUBINzU LAz RANALINARAY Immobility time luluunagay Tail suspension test
v 6 a
lunwhdund
srananzUssluswamuea  shauuzdid  asanananneiuasianrannEin
suNInRa immobility time luwuihdldatafiibdaymiadia WeaSpudisununyig
] M oo . ' . . . £ o M wo
nANAILANNLATY vehicle WAzN1IAAAIVAIAN immobility time FunuvwIAeNlaTL lag
PNAENFI 500 An/NN azaae immobility time ld@ndnawiam 250 an/nn uazaIana
winnuihluTulanuaasunInag immobility time lunuisdlddnga dauen immobility time
= 116.04 + 6.69 Iwfl uazliuadifisuinnuedUGuATINIA33% Imipramine G9ldien

immobility time = 101.02 + 14.21 A
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Tail suspension test
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31Jﬁ 27 WaTaINzUTNULATHUINLANADAT Immobility time mamwﬁﬁé‘lmmumaau Tail

suspension test (mean+S.E.M, n=8-10) *p value < 0.05 vs vehicle control group

3.21 NAYAINEUTNUAEHUNLANNADAT  Immobility time mamyﬁwﬁﬂna Tunuuneray

Forced swimming test

ssananzUsoluTIaMuen 2w 250 Uz 500 Wn/nn, Tneuazlss B 500
NN EIETARANILNTING 250 ez 500 WN/NN UAZINARWANMLANTWIA 500 Wn/nn
§u1I0Ra immobility time lunwisdldadalividiAnynaada Lﬁam’%ﬂmﬁﬂuﬁwwﬁwﬁ
mg'umuquﬁvlﬁ%'u vehicle UAXNNAARIVBIAN immobility time Tunuswiasiledsy lag
mm@mﬁg@ 500 un/Nn 9zaqd1 immobility time 'ladninuwiaen 250 un/nn LaLENIANG
winnuinluuemMuaasunsaaa immobility time 1u%hl,tﬁ'1§"|,ﬁ?1ﬁq@ ¢8@1 immobility time
= 66.98 + 592 Wl uazliadisuiuEduSuENaI% Imipramine Bl
immobility time = 73.44 + 5.39 3wl ANz TURERNBIRYWIALNG 250 un/nn

ldau1rnaadn immobility time 'lo
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Forced swimming test
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Eﬂﬁ 28 HaUaINzU 9 ANLA6ad Immobility time mamwﬁ']ﬂmmumaau Forced

swimming test (meantS.E.M, n=8-10) *p value < 0.05 vs vehicle control group

3.3.1 NaTaINz TRz ANLANGa locomotor activity mamwﬁwﬁﬂﬂa lunuunesey Y

maze test
INNIINARBINUIINIZIIRNALRZUNA WY BINZUTILaznINLN W TNaLRuwulad
. e d g ' a ) a . . . A & 2
locomotor activity LﬁaLﬁUUﬂUW&ﬂgumuquﬂn@l weeIny  imipramine  aiwonenn

I~ v o P
TULANIAIZ W A9FUN 3
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Openfield test
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311 29 HaveINzUTNLATRANNLNNGD locomotor activity mamwﬁwé‘luunumaau Y maze test

(meantS.E.M, n=8-10)

3.2 Namaam‘saﬁ'ﬂmﬂﬁauammma\hdawqﬁmwﬁtﬂﬁzmu.ﬂaalﬂiuw&ﬁgnmﬁmﬁﬂﬁlﬁm
nmazasuaazaanszaziann Twuuusnaasnedaaduuy Unpredictable Chronic
mild stress (UCMS)

MNMIRaNIInNI lumIsuduauesaniana wazrineuitldannuzdssuasnanniain
laglFunudaes tail suspension test LLaz forced swimming test ﬁ?u WuﬁﬂaﬁiaﬁﬂﬁQﬂ§ﬁaﬂﬁ1${1
fn 3edenawzauiiumnssiaundnenluduaeudely I@]UI%LL‘LIUﬁ’mmﬁWI;mﬂmﬁtl’)ﬁ’]lﬁ/
NanzieassaasrulduIzgzIa W% (Unpredictable chronic mild stress) Lﬁaﬁﬂﬁ’lg}wa"ummi

NA LIz NI

3.21 Nawaamsaﬁ'ﬂmﬂﬁaLm:‘nmnLﬁﬂ@ianﬂsu%fnﬂﬁﬂmﬂasgfﬂia

mnmﬂwlugﬂﬁ 30 wudﬁﬂ%mmmiﬁinﬂsgiﬂim:aﬂaaamaﬁﬁfﬂéﬂﬁtymmﬁalu%%ﬁ
laTunmiziesoaasnsdamduszozinauu Lﬂ’%'m_u,ﬁyuﬁ'uwklméjumuquﬁleivlﬁ%'um’szm’mm’%ﬂ@
Tasmavslnathmaazaasssaudsadd 1 nasmsldiuanuaion uazaasaidaesgludlad 2, 3,
4 uaz 5 awaey ludlanvd 4 usz 5 %mzﬁumuquu’ﬂnm{ﬁmavlﬁﬁaﬂaamﬁmzlﬂuwammnmsﬁ
ﬂhl,vl,@”%'ummm’%mmnmiﬁgnﬁ@mnni’ﬂuﬁﬂmﬁﬁ 4 uaz 5 39813=ianzAIEa lelantas
LLa:%hLﬁvl@T%‘uma:Lﬂ%ﬂﬂ‘iwﬁ'ums"lﬁ%‘umﬁﬂu%mﬂ%mmgm imipramine 25 NN/NN WAz RIIXNG
vrdsuazrannnluawie 500 un/nn mmmﬁa:n’ﬂnm{wmavl@ﬁﬁumﬂ%uaLmﬁﬁfﬂéﬂﬁryma
aﬁal,fiam%ﬂuL'ﬁﬂuﬁw'@ﬂéjuﬁiﬁ%um’a:m%mé’auﬁ‘u inszawn wasldsuenludlansid 5
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Sucrose consumption

g 90 T

80 T
g —&— Control

70 T .
¥ —— UCMS+ih
go 60
e - -A - UCMS+uzU519 250
g 207
‘E a0 - UCMS+1gU579 500
2 _ —¥— UCMS+u31niain 250
2 30
8 20 i —&— UCMS+uunnain 500
% 10 —H=— UCMS+Imi 25
3 0 T T T T T T

WeekO Weekl Week2 Week3d Weekd Week5

311 30 Namaamiaﬁ'@mﬂﬁaLLawmﬂL&h@iamsu’%Iﬂﬂﬁnmaﬁmalu%wﬁﬁﬁ%gmﬁmﬁﬁ
TAannzguiahmeldznizesuaatnsdeuuszuziia wu (meantS.E.M, n=10-

12) #p value < 0.05 WWailSouifinuiunguaiuguilildTuanuiaioa *p value <

a ~ a o v AN v a &
0.05 LNE]L‘.IJ?EI‘UL‘YIUUﬂUﬂQMWVL@]SUﬂ’J’mLﬂiil(ﬂLLmu’mRa’mm

3.2.2 NABIAITAN AN RANNLINABAT immobility time Twuuunagay tail

. = & ¥ S 1 1 @
suspension test lungfignidganzlagniiziesenadissawdnszaziaainin

ﬁnﬂmsmaaawuﬂmgﬁgﬂL'gmg]mU’L@Tama:m'%mazmaiaw,ﬂmwmmmu CEAY
f immobility time ganiwuiluldsunnueSuaeeiiiadynesdd waemslimssrda
pziauazranluuwie 500 an/nn aadenwiuizaziam 2 §lansd mansnfiezaad
immobility time luﬁkbﬁvlﬁ%ﬂﬂ’ﬂuLﬂ%ﬂ(ﬂﬂﬂﬂdﬁiﬂuS]MVLﬁ LAZAARILUL dose dependent ¢2g
wazanIsnanzU TN luuwa 500 an/nn swnsafiazaadt immobility time lals

UANANNLENAUTNIATINIAIZIU imipramine VUG 25 WA/NN, i.p. ﬁagﬂﬁ 31
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Tail suspension test
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31Jﬁ 31 HATBIRNTANANZUTILAZWUNNLNNGBAT immobility time TWWULNAREY tail suspension test

sl,mw,ﬁ”] ﬁ?ﬁﬁwﬁﬁmﬁﬂﬁﬁ@mazﬁ‘ﬁuLﬂ%“wm gldrniiziasuaatnsgawduIzazIa I wIn

Data expressed as meantS.E.M.n=8-12. #P<0.05 compared with non-stress control

group; *P<0.05 compared with UCMS group.

3.2.3 HAYIATANANLUTUALHANNANNAEAT  immobility time luuuunagay

H ¥ 1 1 ®)
forced swimming test ‘l%m‘gﬁgmﬁslamsﬂéfam'azm‘%ﬂmamaaamﬂusw:nmmu

a’mmsmaaawuimg}ﬁ'gnL?ngmUiﬁanwa:Lﬂ’%ﬂ@amaéamﬂmwmmmu 22
f immobility time genimyilulduanuietuaadeiiiuidymeada uasilanyiildy
AnuessaINAUMTIasUmIanansduaznanneinluawme 250 wn/mnn Gadanwdn
sepze 2 duey lfinaifouuss immobility time Lﬁmﬂ%mﬁﬂuﬁ'u%hma;u UCMS
mww:mmmmﬁgﬁmﬂu 500 wn/An  399za@dn immobility time fiLANEUaNNTleEU
AnuLAspaatnssawmluIzezIa w L §1 wazrsanaNslsuazrunainluawa 500 an/

nn §a3nfiazaadl immobility time b6 liwanaanUNAUFNLATINIAIZIU imipramine (25

un/nn, i.p.) é’agﬂﬁ' 32
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Forced swimming test
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gﬂﬁ 32 HA2BIENTENANZUTILAZRANALINABA immobility time luuULUNa&aw forced swimming test

£ €dl A o v a = v v a [ 1 &
slu‘v\‘l&hl,maﬂ%w%ummlmﬂ@mamuL?mmﬂsl,@mm’azmmmmaaamﬂmw:nmmu
Data expressed as meantS.E.M.,n=8-12. #P<0.05 compared with non-stress control

group; *P<0.05 compared with UCMS group.

v
3.3 HaZaIENTANANLUTLAZUNNNLNNAaNNTIUEINNSING  lipid  peroxidation  lagdd

. N - . v &Y v = 1 1 [
thiobarbituric acid assay 61%1/11(31,&'1&71‘1@1511:1'1';:1,@59@1amaaamﬂus:ﬂ:nmw\u

3.3.1 ﬂiﬁwmmg’mmam’lia:mﬂ malondialdehyde NATHen83T TBAR method

0.8
0.7
0.6
0.5

P
e

y = 64.38x + 0.050

0.4

/

R?=0.999

0.3

/

0.2

Absorbance 540 nm

O T T T T T 1
0 0.002 0.004 0.006 0.008 0.01 0.012

Concentration of STD MDA (umole/ml)

311 33 NIMANAI3UVEITNIAZANY malondialdehyde
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. . & a v ~a U
3.3.2 ﬂﬁwmmjﬂu“uadmmzmﬂ bovine serum albumin sm'al,mw:ﬁmm% Bradford L83

ﬁﬂﬂi’@@hmigﬂﬂﬁmmﬁ 595 nm

1.2
€ 10 —
i o
@ 038
S
g > / y=1.00Ix + 0.065
2 g4 R?=0.990
[e]
2 o
0.0 . ; . .
0 0.2 0.4 0.6 0.8 1 1.2

Concentration of BSA (mg/ml)

311 34 NTIWAAIFIUVBIFIAZAY bovine serum albumin

3.3.3  waves UCMS lumawiedvihliiia lipid peroxidation Uas HAVBIFITINANTLIN

waznaninlunITugIn1IiAa lipid peroxidation Tusuasnylihdnldsu uCMs

mIbAanunIuaatsdauiuszoziia i 5 et enunsanazwisihliiie
.. . . £ = A P a A o ' AV V] o
lipid peroxidation Tuswuasnniuatadisian WaiSeufisuiunguaiugui lalasy
ANULATEA LAZANT IILENTENANZUT (500 WN/NN) WAz &ITENARNINLIN (250 1A/NN
Waz 500 WN/NN) Aadant 2 FUAA ax1IANILULINNTLAN lipid peroxidation tuaNad e
aﬂﬁaﬁﬁﬂﬁﬁﬁmu LazgUEILLL concentration dependent manner fIUMT LA imipramine

finaaan3tiia lipid peroxidation vasauadldiTwANINY AsuaaaluzLi 35
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Lipid peroxidation
8.0
£ 70 # | T
g | |
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U 35 wavasmIENaNzUMIuAzRINNBndaNITLEINIAA lipid peroxidation lunwuisinafldiu
mMzassaagdsaniuszeziia i Data expressed as meantS.D,n=3-5. #P<0.05

compared with non-stress control group; *P<0.05, **P<0.01 compared with UCMS group.

s 1 1 2L & {
3.4 HaPaIEITANANZU I UALRNINLANNGADNITUEAIDDNVDIH W BDNF, ttaz CREB Borilndnn

tNgadasnua1zdaLas Tnads Reverse transcription polymerase chain reaction (RT-PCR)

NAMINAFINLINMIIRANILAIEaatnsdauluszuz A MU NARA N TUEAID BNV

BDNF a2 CREB mRNA lusuasaan hippocampus adelnsdayniiaiia LLa:Lﬁa%kﬂﬁ%’U
gIaiaNzUse Wienunn SuiumslesuanueIeaainisat wUTIIIER AT
wasvannfiawe 500 an/mnAu aansafiasiumsusaieanuasin BDNF usy CREB
mRNA laluswasdin  hippocampus  lagldmaiguidsanunugnduduasianasgu

imipramine N1211@81 25 AN/NN/A%
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140

S
a 120 Nonstress
[¢)]
o — UCMS
S 100
P 80 UCMS+u11519250
8 UCMS+uz1519500
S 60 — UCMS+111n3i1250
$ 40 — B UCMS+$11n131500
g | B UCMS+Imipramine25
— 20
)]
o

0

BDNF CREB

31J°7'; 36 WavaIFIENANzUILATRINNLNGeN1sugAIanasEn BDNF uay CREB Gaiilu
Suilifeadasiumauaasaanmasuniisdued lusuassan  hippocampus 1W3suifiay
izijm‘k}ﬂajum‘uqmm:ﬂhmajuﬁ"lﬁ%'uma:m%was”maiamflm:mnmmu LLa:ﬁhmajuﬁ
lé3uasdna (meantS.E.M, n=3-4), (#P<0.05 vs control group and *P<0.05 vs UCMS
group)

Aa ' a ] A & & ~
4. mﬁLﬂnwmilsanmuimqmiluamzlsznaﬂmamau

a ¢ a < o a a < ol a
4.1 ﬂ']i‘)tﬂiﬂz‘lﬂ‘lﬂ'lﬂi&l']m nadlag, tvian, ﬁ\‘lﬂza, ANYN, AN, LAALDYN, LlNﬂ%L%ﬂN

, daien Taads Atomic Absorption Spectroscopy

{ o a { v J
INMINAaalafwITILNBUAUNTIWINAITIRNFTITUNIINEN TR Y
WAIPIUNAMNTNTUET § WUILTHNI4 NBINAY, IRAN, FINSF, Rifpy, ez, waaida,
a A A A o & \ o A
unniiFow, oy lusnsanans 2 duanuavzdawasranniiy aougasluaien 8
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4.2 MaAanzindsanm $akea lag3s UV Spectrophotometry

{ . ) { o X
ﬂ’]ﬂﬂqiﬂ@a8\1Lﬁaﬂ’]uﬂleJ%UULq?]U'Uﬂl]ﬂi']wNq@iﬁquﬁﬁij\jmquiﬂ’]ﬂﬁ']iﬂ:a']U
P v @ A A A Ad A o & '
Nﬂmigﬂuﬂﬂ’nmmu“ﬂu@nd"] VN DALY WU’J’]ﬂiN’]m PALWYN luaqiﬁﬂ@‘ﬂd 2 ﬁqu"ﬂ’]ﬂwﬂuzﬂjﬂm

WATHINNLNN aauaadluenT9n 8
4.3 n19AI1zRRUSN Boron lag Boron test kit

ANHANMINARaURIUTUIM Boron lauldranasau boron test kit (Hanna®) Wi
1381371509379 WL boron IuaIngnandgasgInaINkaNzUNlasdsile luyasnusnmsaranulaln

dauaﬁ’@ﬁ'@aaamﬂuwaqnmammmaj'] AIuaadlunan3nen 8

A13199 8 LaasdIan muim@LL@iaz“ﬁﬁ@ﬁ@mﬁlwulumiaﬁ'@mﬂwamﬂiw LARZRNTNLAN

Trace elements Usinmiinuluansada (lulasn3umsy, n=5)
FIENANANZLIN FIRNANRRUINLIN
v 95%Lanuaa pan 95%Lanuan
NaILLAI 4.38+0.10 1.57+0.03 2.39+0.14 2.311£0.06
VARN 7.48+0.59 7.19+0.22 18.96+0.54 16.42+0.76
FINH 3.2410.06 1.14+0.05 30.28+0.20 20.66+0.22
RIS 0.35+0.02 0.22+0.02 0.450.01 0.34+0.05
azm nd 1.57£0.67 0.15£0.02 7.21£0.47
LARLTEN 3.87+0.04 113.7£0.21 1.44+£0.01* 1.37£0.01**
wunLGe 0.33+£0.00** 0.01£0.00** 1.68+£0.01** 3.21+£0.01**
TR Taw nd* nd* nd* nd*
Boron nd nd nd nd

% A a a ' o A da & aaa i as
LuaﬂqqﬂﬁmaﬁﬁqiﬂzaqElBWQNNN@aﬂ"li'l@]ﬂ']ﬂ"li@@ﬂﬂ%uﬁﬂ“ﬂad?ﬁ‘ﬁ.]i:ﬁﬂaﬂ“ﬂLﬂ@]“ﬂ%'ﬂqﬂﬂ{]ﬂiﬂqﬂlﬂ@lﬂ'}ﬁ

UV spectrophotometer asnuilaldis AAS iNaiSaufsunaila

* INUNANTIATIZF IuRINE209 FaRNTU/NTY VaIR1IENa

nd = not detect

43  nsiensimdsunmualsfiiveansia (Total  carotenoids)  las3s UV-

Spectrophotometry

L'ﬂ%ﬂ’]ﬁLﬂﬁ:ﬁ%’]ﬂ%m’]fLLLLﬂISﬁWJEJ@Ti’J&JI@]ULﬁﬂUﬁUﬁ’]SﬁJ’W]ig’m R-carotene LA
%ﬁhmigﬂnﬁmm‘ﬁ'mwr;mﬂﬁu 450 wlwaas ﬁﬁmmm‘%ﬂuLﬁUuﬁ’un‘mw:mmgmﬁa%wa%um
mﬂmsa:mmmmgmﬁmwmiuiu@me] 2849 R-carotene WULSINLALIAUBEATINAILEAIIUANTN
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4.4 nM3aILvnIdIunm R-carotene Tna3s High performance liquid chromatography

dl = a 1 v o a v dl o = =
INNNIINAK[DI LNE]L@]SUSJ@I’JE’]EJ’NLL@’J%W%.I%@L“U’]L@WE]\‘] HPLC fnwimsvnyIunaney
o i o & { v o, a
m_|m’]‘Nmmgmﬁmw“uumﬂmiazmﬁmmg’mﬁmmLw"uuma6] YDY R-carotene WUUTINDL B-

carotene ﬁdLLﬁ@]dl%@l’]i’Nﬁ 9
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1. Presentation in The 24" Federation Of Asian Pharmaceutical Association (FAPA) Congress 2012

Bali Nusa Dua Convention Center - Bali, Indonesia, September 13 - 16, 2012

SOME TRACE ELEMENTS AND CAROTENOID COMPOSITION OF BOUEA MACROPHYLLA GRIFFITH AND
ANTIDESMA VELUTINOSUM BLUME.

Supawadee Daodee*, Chantana Boonyarat*, Yaowared Chulikhit*
* Division of Pharmaceutical Chemistry, Faculty of Pharmaceutical Sciences, Khon Kaen University, Khonkaen,
Thailand.
csupawad@kku.ac.th

Bouea Macrophylla Griffith and Antidesma Velutinosum Blume are tropical fruit trees which can be grown in
some parts of Thailand. These fruits are very familiar to consume for Thai people and can be eaten fresh or used in
wine but lack of the complete information about their composition. Thus, the objective of this study was to determine
some trace elements and carotenoid content in these ripe fruits. The sample solution from these ripe fruits were
prepared and extracted by water and ethanol. The amount of some trace elements such as copper, zinc, ferric,
lithium and magnesium were analyzed by Atomic absorption spectrophotometry. Total carotenoids and R-carotene
content were determined by colorimetric method and HPLC. From trace element analysis, we found that these ripe
fruits contained copper, ferric, zinc and lithium in various amount. In addition, the high content of total carotenoids
and R-carotene was found in Bouea Macrophylla. Thus, the results from this study provide the academic information
to promote the consumption of these fruits for health and give the scientific information to further study about the

relationship between their composition and biological activities.

Key words: trace elements, carotenoids, 3-carotene, atomic absorption spectroscopy, HPLC.
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2. . Presentation in The 24th Federation Of Asian Pharmaceutical Association (FAPA) Congress 2012

Bali Nusa Dua Convention Center - Bali, Indonesia, September 13 - 16, 2012

ANTIDEPRESSANT-LIKE EFFECT OF THE FRUITS JUICE AND THE ETHANOLIC EXTRACT FROM ANTIDESMA
VELUTINOSUM IN MICE MODELS OF DEPRESSION

Yaowared Chulikhit*, Chantana Boonyarat, Supawadee Daodee*
* Department of Pharmaceutical Chemistry, Faculty of pharmaceutical Sciences
Khonkaen University, Khonkaen, THAILAND
csupawad@kku.ac.th

Ma Mao (Antidesma velutinosum) is a tropical fruit in Thailand. It belongs to the family Phyllanthaceae.
Their fruits color varies from red to violet and black. The fleshy and juicy fruits are edible with a sour to bitter sweet
taste. Ma mao fruits contain polyphenolic compounds, most prominently anthocyanins, which have antioxidant and
anti-inflammatory effects. In addition, anthocyanins have been associated with increased neuronal signaling in brain
centers, mediating memory function as well as neuroprotective effects . Previous studies showed that anthocyanins in
a dose of 200 mg/kg displayed antidepressive-like activity. The aim of the present study was to investigate the effects
of Ma Mao fruit juice and the ethanol extract on antidepressive-like activity in mouse model. One hour after oral
administration of Ma Mao juice (250 and 500 mg/kg) and ethanol extract (250 and 500 mg/kg), a tail suspension test
(TST) and forced swimming test (FST), models predictive of depression were performed to assess the antidepressant
activity. Ma Mao juice and its extracts showed an antidepressant-like effect which was demonstrated by a dose-
dependent decrease in the immobility time. The higher immobility time indicates a greater depressive state. The
efficacy of the Ma Mao fruits juice and ethanolic extracts were found to be comparable to that of imipramine (25
mg/kg, i.p). The present study provides evidence for an antidepressant-like effect of Antidesma velutinosum in mice
although the underlying mechanism still remains to be further elucidated. Therefore, a standardized S. oleraceus

extract or its purified constituents could be of potential interest for the treatment of depressive disorders.

Key words: Ma Mao, Antidesma velutinosum, Depression and anthocyanin

3. . Presentation in The 4th International Conference or Natural Products for Health and Beauty:
“Future Trends in Health Products : Safety and Effectiveness for All” Date : 28-30 November 2012 /
Venue : Chiang Mai Orchid Hotel, Chiang Mai, Thailand.
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Effects of Antidesma Velutinosum extracts on improvement of memory deficit induced by

scopolamine in mice

*

Pornthip Waiwut1, Yaowared Chulikhitz, Supawadee Daodeez, Prasert Reubroycharoens, Chantana Boonyarat2

1Faculty of Pharmaceutical Sciences, Ubonratchathani University, Ubonratchathani 34190, Thailand
2Faculty of Pharmaceutical Sciences, Khonkean University, Khonkean 40002, Thailand

: Department of Chemical Technology, Faculty of Science, Chulalongkorn University, Bangkok 10330, Thailand
E-mail addresses: chaboo@kku.ac.th

Introduction and Objective

Antidesma velutinosum (Phyllanthaceae), known in Thai as “Ma Mao”, is a tropical fruit in Thailand.
Antidesma velutinosum contains polyphenolic compounds, most prominently anthocyanins, which have antioxidant
and anti-inflammatory effects. Therefore, the potential of this plant for Alzheimer’'s disease has been raised but there
are a few in vivo evidence to support the therapeutic use. Thus, the aim of our study was to investigate the effects of
Antidesma velutinosum extracts on neuroprotective activity and on the improvement of cognitive impairment induced
by scopolamine via Morris water maze and modified Y maze model.
Methods

Both of fruit juice and the ethanol extract of Antidesma velutinosum were screened for their antioxidant
activity through the in vitro ABTS method. The protective effect against hydrogen peroxide-induced neuronal cell
damage was also investigated in cell culture model by MTT assay. Moreover, the effect of the ethanol extract of
Antidesma velutinosum on the improvement of memory deficit in mice induced by scopolamine was evaluated by 2
behavioral models including Morris water maze and modified Y-maze.
Results

The result exhibited that both of fruit juice and the ethanol extract of Antidesma velutinosum showed
antioxidant activity by ABTS assay with 1C5, values of 0.16 and 0.14 mg/mL, respectively. For protective effect
against hydrogen peroxide-induced cell damage, the ethanol extract of Antidesma velutinosum was more potent than
the fruit juice in the reduction of cell death. For the Morris water maze test which reflects in long-term memory,
pretreatment with the ethanol extract of Antidesma velutinosum at the concentration of 250 mg/kg/day for 7 days
significantly decreased escape latency time when compared with the only scopolamine treated mice. In addition, it
also increased % of new arm entry (38.8%) measured by the modified Y-maze which were used as a measure of
short-term memory.
Conclusion

All results indicated that the extracts of Antidesma velutinosum could improve both short term and long
term memory. Thus, the Antidesma velutinosum extract might be a potential candidate for further developing as drug

for Alzheimer’s disease.

Keywords: Ma Mao, Antidesma velutinosum, Alzheimer, Behavioral test, Scopolamine
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