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o (ni a o 1 a A a ] o A
flandn 0 GwhmIneassnunnnduaziidiinaniuilaaglasmvigiudedszanm
78-79 glkg body weight wufildsumiaidusgmeldaniziaiuaatdeniuzozion
a A A o W o & A a A Y \
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Abstract
Project code : MRG5280173
Project Title : The effect of curcumin on chronic mild stress-induced the alteration of
behavioral activity, oxidative stress and gene expression in mice model of
depression
Investigator : Ms.Yaowared Chulikhit
Faculty of Pharmaceutical Sciences, Khonkaen University

E-mail address : yaosum@kku.ac.th L8 yaosum@yahoo.com

Project period : 16 March 2009 — 15 March 2012

Curcumin, a yellow pigment extracted from rhizomes of Curcuma longa, is the
major constituent of Xiaoyao-san, the traditional Chinese medicine for managing the mental
stress and depressive-related disorder. Unpredictable chronic mild stress (UCMS) has long
been used as a model of depression. Antidepressant can reverse most effect of UCMS. We
hypothesized that curcumin may alleviate stress induced behavioral change. Thus in the
present study, we assessed whether curcumin treatment affect behavior alteration in UCMS
treated ICR mice. Mice were exposed to UCMS for 5 weeks and anhedonia behavior which
is the most commonly behavior used to measure the inability to gain pleasure from
enjoyable experiences was evaluated by weekly monitoring of sucrose consumption.
Curcumin (10 and 20 mg/kg/day, i.p.) or imipramine (20 mg/kg/day, i.p.) or vehicle were
continuously administered the last two weeks of UCMS. Behavioral test were performed
over the last week of UCMS. The results showed that UCMS mice decreased the sucrose
intake, increased the immobility time in forced swimming test (FST) and tail suspension test
(TST). Long term treatment of curcumin and imipramine reversed the anhedonia behavior
and significantly reduced immobility time. In locomotor activity, stress mice did not show
significantly difference compared to non-stress mice. Curcumin and imipramine did not alter
the locomotor activity. In addition, UCMS procedure did not significantly induced the lipid
peroxidation in mice whole brain and curcumin did not show inhibitory effect on lipid
peroxidation. The mechanism underlying the antidepressive-like activity of curcumin may be
involved in its increasing the BDNF and CREB mRNA expression in hippocampus and
frontal cortex of UCMS mice. Thus curcumin may be the effective therapeutic for

depression as was seen within these stress models.

Keyword : Curcumin, Depression, Depressive behavior and Oxidative stress
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Tail suspension test (Screening for antidepression activity) (Steru et. Al. 1985)

1) Wowwdhd  laowydltlummesesfazdunwdd ey Wug ICR ey 8
e shminuszanm 35445 i uusngunyiiRosaenidu 4 ngugaz 8-10 @
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1 1 d' s 6 A
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ﬂgnﬂﬁaa:ﬁaagﬂ%ﬁwﬁfﬂﬁau"l,ﬁ%'um ﬁkmﬂéffmzvlﬁ%‘uﬁmsmmm LRZENLTN

NNTDINDI

nssnltlunisnasss Huwa 175 x 245 x 125 (NaxenIxgd) TaAluaT N9vae
20 N UAZVIQINNIRNG 20 274 I@m’éz‘mw&luﬁaaﬁmuquqm%gﬁu,az
ANMNTH u,a:‘numsmqumnﬂm-ﬂﬂﬂnn 12 49 (12 BY. Light-dark cycle)

T¥iuazanniy Lﬂ§yui'mpaauaulﬁ%gé’ﬂmﬁa: 1 Q%9
2) Tail suspension test

waIN lasuen luds 60 I WuldazanNinIMAReY tail suspension
test 103589 Steru uazAmE (Steru et. Al 1985) Fsminasavi 2y
wwunasavfifeuldlunmiasasauniananiasgns lwmsenuduauasen
I@Uma:m‘%mﬁLﬁ@%uﬁwwﬁ’]ﬁ ﬁamiﬁ%%ﬂumuaaUa%ﬂummﬂ‘lu
YafiRasssud Aeteniaosaaan WUATWENEUVE UG end wiold
%q@ﬁumﬂmiagjilmhmol,muﬁ?u é’aﬁf’u%kkﬁvlaiﬁmimﬁauvlm W30 hiwenany
wil sasnudanalédaini immobility time '*?1"gadmhté'uﬁ?uﬁwnamm%mﬂ%ﬁ
LL@iﬁﬂ‘luﬁkLﬁ"L@T%'uméTm%uLﬂ%’ﬂmmgm A1 immobility time ziAtayIN
u,a:u,mﬂ@maﬂwoﬁﬁﬂﬁwﬁtyﬁ'umkﬁ"lﬁ%'uLﬁmm{ﬁm:mmmlﬂmaﬂ'walﬁm 3

maauﬁﬂ@ﬂ@ Uﬂﬁiﬁ’]Lﬂﬂﬂﬁ’]ﬁ%@@ﬁ%ﬁd%ﬂd%h&ﬁ’]é Wisanndanonie



Uazanm 1 o, 1nswhng liusiulwelasila tail suspension apparatus @4
31
a

gﬂﬁl 2 Tail suspension test apparatus

MITLINNIMNA 6 WAl Tufindn Immobility time Tutas 4 wfigarhe
luvguid  udazdn  viinstuiind@losszyinnmasasdionness  uaz

a 6 3 l e <K
’JLﬂi’]z‘lﬁwﬂ@nElIiJiLLﬂi%J’H’JEIU%V]ﬂL’JE\]’]
3) Open field test

Open field test wuUs1aaIRazinn1Inasay locomotor activity Lﬁag]wamaa
A A L. A \ o v o ) A
g INAnaLRsuLUad locomotor activity 38kl lasvinmsias wiutadn
a ' A A " , & . & A o« ' ' o
LA lunsaasfinasy 2w 127 x 12 mgmmawumﬂmaammﬂu
INWIW 16 T v’hmsﬂa’awgaﬂﬂmmmwaana’aamaau SRS TR

' ~ a A o & = ° ' A a ' ~
ToINAYLA mulwluiig 5 win vuinwatduimutesnnyLdudauwi

2.2 maaqu%maaLﬂai’@ﬁu@iaﬂ’mﬂﬁﬂuLLﬂaawqamiw%mﬂ%ﬂu LUU91889 Unpredictable
chronic mild stress (UCMS model) (Li et al., 2007)

1) Wowwdhd  lesnunlflunanasesiandunyuid e Wus ICR
011) 3-4 U sininyszunme 15-20 NI LLﬂdﬂﬁj&Jﬂk&ﬁLamL“ﬂu 2 N
lngl fa

- nRuAUANLNG d1m3u 10-12 M



AN ve a y ) P L e & o &
- ﬂqmvl,mumazmimamaaau Aadonuiduiial 5 RUAW
FIUIN 48 a2

nyafildlumInases Juwie 175 x 245 x 125 (nT19xe1xgd) Taawwas
IMEA 12 N9 UaTIAINIRNe 12 279 I@ﬂ"L@Tﬁﬁmngﬂmhﬂuﬁaaﬁmuqu
qm%nﬁﬁua:mm%‘”u LLazﬁﬁmmmqmmﬂ@-ﬂ@"lﬂnﬂ 12 2l (12 w3. Light-dark
cycle) Mvinuazemis Lﬂ§wi’a@paauaﬂﬁ%hﬁﬂmﬁa: 1 a% Tagvhmaas
fadenwduszoziian 5 slar é&]erLLam@ﬁ'uﬁﬂwqamiwamhr?'it,ﬂﬁﬂuLLﬂaavl,ﬂ
1T ANEANNLATEA AT AN anuauaTzAun anuawladafiengg

JUN LT ueaw LLazﬁﬁﬂﬂiﬁ%ﬁﬂﬁW%ﬁﬂ%h& sUaviaz 2 A39

2) Unpredictable chhronic mild stress (UCMS) procedures (Willner P. et al.,
1987)

riauﬁﬁ]mﬂdﬁ%@aamﬂuﬂéjumuqu LLazﬂsjaJﬁvLﬁ%’ummLﬂ%m %:ﬁaaﬁmk}
g ﬁ'amlﬂmmaaumsu‘ﬂnﬂmsazmmﬁﬂmasﬂmaﬁau (sucrose consumption
test) iWaifududayaiugiudninyudazea n3vi sucrose consumption ¥inld

o v € k4 ' ~ I < & o
Tay ‘l,%%huma AADNMIILAZYN  Aaunaznasay  1HwIa118 TN NN

4 [ v & = o < . a

msa:mﬂmmasﬂma 2% nunypnd Wuszozina 1 T 1N9 INNIUEI LTI
Gglﬂiaﬁ%HLL@ia:ﬁa'lﬁ%'uLiTﬁ"liJ‘lumanmé'aﬂdn Yd1as1atbduwiial 5 3 a2
ﬁagaﬁvlﬁmaﬁ'@Lmejsmwmmiu&LﬁﬁmmLLﬂsﬂmumaﬁayamsu"ﬂnﬂmiazmal
quima 2% ﬁaﬂﬁqﬂlutl,@ia:mjw WhmQ’umm«qm]:vl,&ivlﬁ%'urmm:éjuiﬁl,ﬁ@
AnuLtee  Eununguiidu  UCMS  group ﬁ]:"L@T%'uaoﬂs:oﬁ:u@me]lﬁl,ﬁ@m’;:
ANMNLATLARZEYN NMIANMNLATHADL1I801UTZNAUAY N1TADIRITUAZIAET, NIT
o a o o o o R o LA Iy o \
$¥NN39L889 45°, N1IINNANTINDIDNNST, mﬂ%mmﬂmﬂumsﬁgm, MITUAYDL
\u, MIWFITUML, MINIadan, NI INLEIRINIGaaaNIA%, NNINAL

light/dark cycle las¥nminszduninaa 5 dlandasuaasluaisdellil
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3) malielunwg

Wiqfll,l,ﬁﬁé gﬂLLmﬂﬁjumﬂﬁmﬁLL@m@hdﬁ'uﬁdmsn

ﬂ@:&lﬁl Treatment
1. %% nonstress 0.5% carboxymethyl cellulose
2. " UCMS 0.5% carboxymethyl cellulose
3. vn UCMS Curcumin 10 mg/kg
4. i UCMS Curcumin 20 mg/kg
7. %% UCMS Imipramine 20 mg/kg

v 6 n' s g: 1 cf Sf @ ni o
wipdhd  axSuldiumaaudiun 22 felun 35 28913911
Unpredictable chronic mild stress WazaL¥iIMIIUSWITENENMITIVIDI b
981 9.00-11.00 . lwiugarieaanslien  azvihnanaseums
dl ~ =)
wWasnulaswn@nsrumsuilnagless

4) Sucrose consumption test

' A o o s & <

ﬂaumzmaamwaqlﬁ%hba@mmmazmﬂamﬂunm 18 la
ﬂﬁﬂﬁufdﬁﬂﬁﬁﬂﬁkbLLﬁa:ﬁ’sﬁE]%ﬂ’]iﬂ%Iﬂﬂﬁ’]@l’]ﬂﬂﬂﬂi‘l T¥aIazaiinea
Ggiﬂia 2% funuang Wuszezion 1 T304 mnﬁuﬁﬁmmﬂ%mmsﬂmaﬁ

v 6 1 L s U 1 g 1 =1 =

%wmmma:mvlmuLmﬁvlﬂiu%aaLaaﬂﬂaﬂawa WIHUMEUNANIINARa
JLWIN9WY nonstress, ﬁhl,ﬁvl,@?%'u UCMS LLaz%HﬁvLﬁ%'u UCMS+iaaTgiin 10
mg/kg LAz UCMS+ma§g}ﬁu 20 mgkg NIaNuLana1InurIe liasels

A9 o A P o A a
waNINBIALLIsUINsUNaTaIrITRNAGa N1 TR LB asn1TUS lnaaTazany

GgiﬂiaLﬁuuﬁ'u ENENUTULATINIAIZIU imipramine 20 mg/kg

5) NagayU Forced swimming test Mwwﬁﬂﬁﬁ%ﬁ'ﬂmmm’%mamadam'ﬂu

JegeIAIUI (Porsolt R.D. et al., 1979)

wuu$1aedForced swimming test Llunuudiaainlinasauniaz
=< o v & . v & ' o ¥ AN A ~
wmsﬂuvxwma I@Umiﬂaawwmaanwiummuﬂu 97 L An9ndh

v e 1A ! S A a P a o &
%HLNW&%%NN@]?W@JWUWU’]N?qElu']'ﬁsﬂ@lzlﬂUﬂ@]zﬂqULanIuaaﬂQ’]ﬂﬂﬁu’] W



fléin Immobility time &9 LL@iﬁmkbﬁvlﬁ%'umﬁméﬁmﬂ%ﬁ 22861 Immobility
time 6N aEaRREAAYINIEEE daurinnImasey forced swimming
test 1 1% ﬁ]zﬁadﬁﬂﬂ’ﬁﬂﬂﬂwﬁﬂﬂﬁ’hﬂﬁ’] lussuAInssnszuanama
LWRNAUENAN9 20 TU. §9 22 T, %om‘sgﬁngnﬂs:mm 10 3. 1 waan
15 W L‘ﬁ'alﬁ%wﬁﬂﬁ"l@ﬁamnzﬁvl,ajﬁmmﬁ waan e lduan 30 wd

MMInasauwganITun

- Forced swimming test lagiaidunannwphdhiimuadanlng
%é’omﬂﬁﬂdaﬂaﬁjﬁhﬁw mmﬁm}agﬁluﬁaﬁﬂ fa 6 W uevzIULIRT LT 4
wiigaey TagazyinmsmstiuinAnwialaaaaan1Inaaadinagatne

WO AnTIUnYUARzaIN 43U treatment 1697w
6) Tail suspension test

waannlatuenldud 60wl wuudazdgnihannasey  tail

. v A =
suspension test @2835789 Steru LazAHE (Steru et. Al. 1985) TIN1INARDU
g I IQ Qs Qg v
& aduwuuunesaunfouldlumsanaseuntanansasgndlunisain
= o a Aa X o v & a A \
Tuawesnn lasnziaisafifialuiunyid Aemwuanuaiuassat
Tuamealurnesniesssund faeiiiesasan ngewenuuiud 1ia
a A Y o \ ' & o & AN A A
wil wWialinganuannseglurimouuunu - asiunyilidnisnfewlnn
=S 1 & kg A e . P ' o & a
wia iweneaundt sansoudanaldaini immobility time Mgeimnyduud
WOANTINDULAT LL@iﬁﬂu%EﬁVL@T%'uU’lﬁméﬁmﬂ%’mmiﬁm @1 immobility
time azlidanann wazuandvainlisiAyiununlaiuissihnzany
pufgdadndey  minaseutihldlasmatundnnnudannisvasmsig
WnUaenisdseinas 1 @, mﬂﬁfuﬁmyrvlﬂLLmauluLﬂ%aaﬁa tail

suspension apparatus

MITLIMNIMNA 6 WAl Jufindn Immobility time Tuts 4 wfigarhe
luﬁklal,ﬁ’]ig LARZAL ﬁwnwsﬂuﬁn%ﬁlamm:ﬁﬂﬂﬁiw@aaoﬁmnna%’a WAL

a [ v ' L=
AaTzrnamelysunsngiatuinega
7) Open field test

Open field test LUUIIRBIRITHNNINAFEY locomotor activity Lﬁagwamad
A A L. a . o o o \ A
g Analfounidad locomotor activity ¥ L lasvinnsias wingesn

- oA 4 : , 4 C X de L a
‘HH)L@‘H luﬂaadamaw WA 12" x 12 GIT\‘]E]ﬂLL‘UGW%YIL‘L]%“Ua\‘]LYI'] Nk



NWIB 16 T ﬁ’lmiﬂéiawhl,aovlﬂmdﬂmwaana’aamaau LAIUIIWIN
1 dl a a o A & o 1 dl a 1 =1
TINAULAY melulua 5 win tuwnﬂwaLﬂummwaaw%w@ummw

= a o & a . . . a . . . .
2.3 ﬁm:nr)WﬁﬂlaJLﬂﬂf@&lﬂun’rmﬂﬁldﬂ’mﬂﬂ lipid peroxidation lae/3% thiobarbituric acid

assay Zumuamwﬁﬁffﬂ@”{ymmﬂ?ﬂ@asma'amﬂm‘zu:wmmu (Okawa et al. 1979)

2.3.1 m’mmmimlaamsma%@ﬁﬂumiﬁuE?wmumuﬁﬂ lipid peroxidation U89
iradaaNadgnnasanlads thiobarbituric acid assay HanagouwganITnLESaua? wa9aIN
14 witatalag wiplndazgnain lasnns perfusion feininasdnficu wievale 1ielauas
é’wLﬁa@aanmnﬁué’mﬂﬁmw%amnﬁq@ NI IIAUGIaEN9FNES (Whole  brain
exclude cerebellum) wasFmaiueraina 137 -80°C wuaumsiie lipid peroxidation 32N
UrzifinlasnyiadSunauas malondialdehyde Fodunandanifadulunszuiuns lipid
oxidation TigansndezRlFinaldlasnisrind §A5unAu thiobarbituric acid léanIFaag
Aadn mﬂﬁf’uﬁwmﬁﬂﬂ%mm‘[@Ui’@mmsg@ﬂﬁuuaagaq@ﬁmwm’m'é’lu 540 nm UIN
malondialdehyde AAATUTI N TR DAL pulaaNNINNIAIZIUDIFI TR Y

malondialdehyde kazazdasrintmMIAtaNzimySunalysdud83t Bradford 1fisuny bovine

serum albumin @78 lunﬂﬁaaﬂ’mﬁﬁ’]mﬁmﬂzﬁ
a 6 1a a (% ad
2.3.2 myanzRdsumllsaual835 Bradford

Aada g g g dl a g 1 o aaa s

Arnshendunannisnasdsznauldsinluaredeind jaTenuans
Coomassie brilliant blue G-250 lugn12zMiiuwnia warvinlvansazaiotfiamsilaowilug
WIRIDRUIIN mmsni’ammsg@ﬂﬁml,m"lﬁﬁmmm’mﬁu 505 nm W&2e el
o a =1 L 1 = = > ' A =
fmrnUTanmldsaulualagig I@mLﬂssmmwnummsg@ﬂamma Po3lUAnIaI3 %

Bovine serum albumin (BSA) MIL@ILNEIIALAILNIATZINVEY BSA  SMIUvinIw

Nﬁﬂig’]%ﬁ\‘i@]’]i’]d

Concentration of BSA (mg/ml) 0 0.2 04 0.8
BSA stock solution (2mg/ml) ul 0 5 10 20
Water ul 50 45 40 30
Bradford reagent ml 25 2.5 2.5 2.5




= o | A a & a a [ @ oA
LLazL@]iﬂwmia:mEJGI’JE]SJ’I\‘ILWEJﬂ’ITJLﬂi’]:%ﬂ‘immiﬂ‘i@uvl@610@1’15’10‘11’10&’10%

Brain homogenate 4 ul
Water 46 ul
Bradford reagent 25 ml

AN NTuLadlUTAwluaI8E19 = [(Abs595 — b)m] x (50/4)

Warun132adun WA mdu y = mx+b

BUNEL1e Bradford reagent @3N ldannTt3e9198n38zane Concentrate Protein
E——

Assay (BioRad®) ludanaiuadi

Concentrate Protein Assay : water = 1:4

2.4 Reverse transcription polymerase chain reaction (RT-PCR) of BDNF, uas CREB %ﬁu

Auning17a9nun1IeTuLAT

{ a = v [ & s 4 @ \
Lﬁ@ﬂ@ﬁﬂUWQ@lﬂiiwLﬁT‘ﬂLLﬂ? HBRIINUY vﬁmmim ‘l’ihluLlJ"lé"ﬂzﬁq]ﬂ‘JJW I@Uﬂ'ﬁ
. v : A U dl s A s di 1 v A o o v A
perfusion @IYBILNIDLVINGU ‘Vﬁﬂ‘ﬁ’ﬂfﬂ L‘WGVLE‘]LLﬂZﬂW\‘]Lﬂa@]ﬂﬂﬂ’%’]ﬂ@]’)ﬁ@]'ﬂ%ﬂu@]%iaw’m

N§a NuuMTALMainIguad §% hippocampus Uaz fronton cortex maa%wﬁ’lﬁnﬂﬁ's

139 -80 °C #WIuNIL@3N total RNA, ¥i1 PCR product Wae run gel electrophoresis LiNa
JezRnsuaadsanvadduiineITesnun1IzGuain 15w BDNF uae CREB gene lag

WisuAsuAUNILEAdaaNVad house keeping gene ; b-actin lulaaz@I8813
2.4.1 Total RNA extraction

¥inM3 Homogenize tissue samples b4 TRIZOL reagent US31a35 1 ¥a. NN
0.2 ml a9 chloroform aslduasiiumsnldidniwdung 15 3wfi udd incubate 7
pasnpiiviadua 2-3 win g ludwwmies 12,000 x g ‘ﬁqmmﬁ 4°C 1fuaan 15 win
syaraonavazugnaandugesti antw Jiladulasuunasnssiaseiolale wbe du
Tal. 1@ 0.5 ml va39 isopropyl alcohol @a 1 ml of TRIZOL Reagent ¥inm3incubate @878
£1971 15 - 30 °C 1lunan10 wift udrwinluiumdss 12,000 x g figandl 4°C Wuam 10
wift aninezldaznouves RNA Sefdnwazady gellike pellet ANaLeNUAIIad tube
A8 9INEIU supernatant 8aNLAIININNTENIALNE® RNA @28 75% ethanol 1 ml Lueinwas |

UMY vortex Wit lUTunIssn 7,500 x g tuan 5 wifl usd9aznaut1dnat



A 1 v v k9 o v
wikd Usaoliaznan RNA wike waivinnisazans RNA pellet @38 40 yl RNase free water
LAUIN®1 RNA stock solution 91 -20 °C

Reverse transcription

Pipette 2 LI 183 0.5 LLg/[Ll RNA sample &l nuclease-free microcentrifuge tube
mmfmau 1 W oligo (dT) 12-18 mers, 4 W 10 mM dNTP Mix (10 mM each dATP, dGTP,
dCTP and dTTP at neutral pH) Las RNase free water U5ul# ldUSunas 10 LU VNN THENT
lersnaslulundas PCR slﬂmmé”auﬁaqmﬁgﬁ 65 °C for 5 min uaaAulalu ice box N7
\@¥ 4 Ul 5X First-Strand Buffer, 2 LI 0.1 M DTT, 0.2 [l RNase Inhibitor, 0.8 LI RNase free
water waz 1 LU (200 units) of M-MLV R waul#ignu 40l incubate 50 min at 37 °C uaz

inactivate the reaction by heating at 70 °C for 15 min.

A9 2 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'
ﬁ-actin 220 bp

5-GTG ACA GCA TTG CTT CTG TG-3’

5'-GAC AAG GCA ACT TGG CCT AC-3’
BDNF , , 334 bp
5'.CCT GTC ACA CAC GCT CAG CTC-3

5" _TAC CCA GGG AGG AGC AAT AC-3'

CREB , ,
5'-GAG GCA GCT TGA ACA ACA AC-3

183 bp

Semi-quantitative RT-PCR

The PCR reaction mixture 1sznauaig 1 LU of cDNA, 4 LU of 5x PCR buffer, 2 LU
of deoxyneucleoside triphosphate mixture, 2 LI of magnesium chloride, 2 Ll of primer pair
(Table 2) , 0.4 LU of Taq polymerase Las 8.6 LU of distilled water ﬂ%mmi’m“/i‘iéu 20 L.
illdieas PCR wiaslisunsy preheating cycle at 95 °C 1ilwaan 2 min, ud2¥in PCR

cycle 37w 30 J9U 13sznaudie denaturation 95 °C 1Julan 30 w1, annealing 60 °C



(Julaa1 1 w1, elongation 72°C 1TIa1 2 WA a2 extension step diafl 72°C anidulaan
5 w1 N1 PCR products 14 run acrylamide gel electrophoresis WRGaNAY ethidium
bromide ﬁ’]vlﬂeami’]:ﬁl,l,azdmgﬂ photographed under UV light and analyzed by GeneSnap

and Gene Tools Match Software
a & vV aAa
2.5 NMIFALAIZHALFADG

ﬁa;&agﬂua@uﬂu Mean + S.E.M. uazdianzianalasld ttest 32WI9NGH non-stress
group Lz UCMS group uagld one-way analysis of variance (ANOVA) LNERIANUANGN
M9EiaIznINNaN UAIaNNEIY Student-Newman—Keuls test el p < 0.05 Naindayail

AMNUANABENTRDFAYNIFD A



3. HamMInNaaad

a 1

6 a a S 1 a .
3.1 Nﬂﬂﬂdlﬂﬁi@&l%(ﬂaﬂ'lﬁlﬂaﬂ%llﬂaﬂwqmﬂ‘ii&lsﬁﬂLﬂi'lslﬂ‘lﬁ‘ld.ﬂﬂ@l sl%LL‘]JTJTIG’lﬂEHJ Tail

suspension test

NNHAMINARBINLILAaIaiuIUIG 20mg/kg SNANINAA immobility time ldag19dl
WRAYNNEDE  UAZAA b6 LLANEINWALENEWEULAININIZI%  Imipramine  TWNA
20mg/kg (U7 3) uaziiadaaminmaseudiwalunsaa Immobility ime ww laildlnainn
nnmsnmranagiiuiulliinada  locomotor activity 39l@viniInasay  locomotor
activity #1635 open field test 68 wudn taaiaiu uaz Imipramine laifinalUAsuua

L. A o & o, & a a £ o = R R
locomotor activity (3U71 4) asnuaydlddn aaspluwinclignidunzfuaitld Jsdaq
inmsansde lWluuuudiaesn1izGauain Unpredictable chronic mild stress (UCMS) &4

o A A A o ) v a = o v a o & a & A
wwuiraesiiimantienhlifienzduailndidsaiunamasiifalsalusyeduinige

WRZNNIINEAGEI NN atdsiaLiadeae

150 -
-

o 125 -
£ T
‘S 100 - H#
z : #
E 75 1 T
Q0
]
E 50 1
£
— 25 -

0 -

Control Cucuminl0 Curcumin20 Imipramine20

E'i.lﬁ 3 The effect of curcumin on immobility time in tail suspension test in normal

mice. Each column represents mean = S.E.M (n=8-12). # P< 0.05 vs control.



(o2}
o

c 50
E i . T T
40
g
> 30
N
S 20 -
)
Z 10 -
0 T T 1
Control Curcumin 10  Curcumin 20 Imipramine 20

;sﬂﬁ 4 The effect of curcumin on locomotor activity in Open field test in normal mice.

Each column represents mean * S.E.M (n=8-12). # P< 0.05 vs control.

s A 1 { a [3 .
3.2 Nawaamas@u%mamﬂﬂﬁﬂuuﬂqumm‘mﬁuLﬁ%’ﬂu LLUUINa a9 Unpredictable

chronic mild stress (UCMS model)

3.2.1 Nmlaama%gﬁu@iamsu‘ﬂﬂﬂmmasg‘[maﬁlmgﬁgﬂLﬁmmylﬁam*;zm‘%w

281980 WL UTZHZIA U

nnawilugldt 5 wuhdsinamsuilaaglassezanssedneiiieidynssialu
ﬁkl,ﬁvlﬁ%'uma:m%mazmaiaul,ﬂmwmmmu LiﬁsmLﬁﬂur"ﬁmkmQwaaquﬂﬂﬁ%’uma:
anuedoa laomsuslaninanaszanansuddlondn 1 nasmslasuanueIon uazans
Soa9ludlandfi 2, 3, 4 uaz 5 awdey Tuglenia 4 uay 5 ﬁkmﬁjumuquu“ﬂnm{ﬁma
VL@TﬁTaUadmﬁmxLﬂuwamﬁnﬂmsﬁ%ﬁl@ﬁum’mLﬂ%ﬂ@mﬂmsﬁgﬂﬁ@mnni’ﬂué’fﬂmﬁﬁ 4
war 5 F9o1vezianizasiualalanian LLazukLﬁ"L@T%'uma:Lﬂ%ﬂm"auﬁumﬂﬁ%’umﬁm
%umﬁ”’lmmﬁsm imipramine 20 mg/kg L8z curcumin 20 mg/kg mmmﬁﬁ]zuﬂnﬂﬁ’]mﬂﬁ
Lﬁumﬂfuaﬂ'nﬁﬁfﬂﬁﬂﬁmumaaﬁaLﬁﬂLﬂ%yuLﬁﬂuﬁ"imhmzjwﬁvl,ﬁ%'uma:m%miwﬁ'u 0.5%

carboxymethyl cellulose (CMC) AR bATUEN IUFUANHAN 4 Uaz 5



100

™ 90
@ 80
‘g’ 20 —4&— Control
B 60 —B— UCMS
g >0 S 0
g 40 UCMS+CUR1
§ 30 —>— UCMS+CUR20
S 20 *
5 o —#— UCMS+IMI20
(7]

0 T T T T T |

Week 0 Week 1 Week 2 Week 3 Week 4 Week 5

gﬂﬁ 5 The effect of curcumin on sucrose consumption of mice exposed to unpredictable

chronic mild stress (UCMS). Data expressed as mean®S.E.M.,n=10-12. Chronic

treatment of curcumin (10, 20 mg/kg, i.p.) was given the last 2 weeks of the 5 week
unpredictable chronic mild stress procedure. *P<<0.001 compared with non-stress

control group; #P<0.05 compared with UCMS group.

3.2.2 Namaamﬁgﬁu@iams immobility time luwuunasau forced swimming test
lunygngnidessnaldanizieisaedadomduszazinauwm
! A & @ a . . & a
nnnInaaaswuimungnidssgnoldannzeioaadnsdenduizozinauiu azll
fin immobility time gandnnud laildsuanuiaiuaeslituidyniada uazilanufldsu
ANuATEATINAUMTIdTuIAaTRiin (10 UAz 20 mg/kg, i.p.) 3ziA1 immobility time aAA4
a ~ a o AN v a & a P " . . .
Wanlisuisuiuwunldiuanueion wazinaigiinauninfiazandl immobility time ‘¢t lal

UANANALENEUBLATINNAT3 % imipramine (20 mg/kg, i.p.) G937 6

~ 250
S *
£ 200
o ? # #
E 150 - L
>
= 100 -
Q0
g 50 -
£
0

Control UCMS UCMS UCMS UCMS
+ CurlO +Cur20 +Imi20

gﬂﬁ 6 The effect of curcumin on the forced swimming test in mice exposed to

unpredictable chronic mild stress (UCMS). 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.
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gﬂﬁ 7 The effect of curcumin on the tail suspension test in mice exposed to unpredictable
chronic mild stress (UCMS). 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.
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E'ﬂﬁ 8 The effect of curcumin on locomotor activity in Open field test in mice

exposed to unpredictable chronic mild stress (UCMS). Each column

represents mean = S.E.M (n=8-12).
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gllﬁ 11 The effect of curcumin on UCMS induced lipid peroxidation in whole brain ICR

mice. Data expressed as meantSD., n=5.
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31]171. 12 The effect of curcumin on relative BDNF and CREB mRNA expression in
hippocampus of non-stress and UCMS mice (meanXS.E.M, n=3-4), (*P<0.01 vs
control group and #P<0.05, ##P<0.01 vs UCMS group)
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E‘dﬁ 13 The effect of curcumin on relative BDNF and CREB mRNA expression in frontal
cortex of non-stress and UCMS mice (meantS.E.M, n=3-4), (*P<0.05 vs control

group and #P<0.05 vs UCMS group)
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Treatment weight squares/smin | No.of squares/min aady SD. S.EM
0.5%CMC 0.04 354 70.8
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0.04 169 33.8
0.04 192 38.4
0.035 176 35.2
0.038 225 45
0.035 174 34.8
0.032 278 55.6 45.1 12.82 | 4.53
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0.032 183 36.6
0.034 232 46.4
0.03 196 39.2
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0.035 242 48.4
0.035 198 39.6
0.037 242 48.4 41 6.06 2.14
Curcumin 20 0.028 238 47.6
0.035 248 49.6
0.033 260 52
0.04 191 38.2
0.03 188 37.6
0.035 220 44
0.035 203 40.6
0.038 252 50.4 45 5.70 2.01
Imipramine 20 0.03 142 28.4
0.033 268 53.6
0.035 204 40.8
0.03 233 46.6
0.03 246 49.2
0.035 165 33
0.038 226 45.2
0.035 265 53 43.725 9.12 3.22
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M1319N 4 LLamwamaama%ﬁﬂmmumaau Forced swimming test (FST) Iuﬁ‘k}ﬁnﬂ

L§mmsfl@Tmmm‘%masmaiaw,ﬂmzmnmmu

U

Group

Immobility
Time (sec.)

' 4
AllRa g

SD.

S.E.M

Nonstress

86.34
183.963
173.538
172.726
113.741
121.796
169.117
167.838
170.457

151.05733

34.421743

11.473914

UCMS

213.942
157.304
174.005
204.832
145.857
226.789
171.431
225.849
250.667
270.876
183.981
181.317

200.57083

38.188759

11.024145

UCMS+Cur10

141.113
199.036
117.712
107.357
104.125
176.344
221.759
164.494
139.623
196.761

156.8324

41.271266

13.05112
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Group

Immobility
Time (sec.)

ANLRAY

SD.

S.E.M

UCMS+Cur20

152.549
185.262
149.077
140.756
160.087
169.96
87.681
130.887
197.823

152.67578

32.22562

10.741873

UCMS+Imi20

122.907
161.307
62.75
186.743
133.875
162.798
193.577
204.184
52.44

142.28678

54.847133

18.282378
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A13199 5 u,amwamaamﬁqﬁﬂmmumaau Tail suspension test (TST) lmkl,ﬁgmﬁm

o EII(?T@‘I']’]&JL@‘I%EI@BE]’N?JIauLi‘juﬁzﬂﬁinﬂ’]H"lu

Treatment

Immobility time

ATLRaL

SD

S.E.M

Control

127.412
85.882
67.197

104.211
44.355
57.793
90.602
46.927
70.804
42.881
81.259

74.48

26.71

8.05

UCMS

112.679
110.399
79.152
90.665
96.562
129.997
149.056
152.529
136.592
67.057
85.086
95.306

108.76

27.99

8.08

UCMS+Curl0

40.475
103.338
68.238
140.946
126.12
35.948
95.936
31.334
126.726
103.729

87.28

40.64

12.85

UCMS+CUR20

112.121
89.757
33.522
62.342
45.069
39.161
66.732
65.506

64.28

26.44

9.35
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Treatment

Immobility time

1 A
ANLRAE

SD

S.E.M

UCMS+IMI20

15.519
60.785
67.132
75.742
117.167
143.241
20.928
20.163
38.272
57.116

61.61

42.22

13.35
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P @ = . : & , A

AN 6 uEAIHaTaINMIMANNIATeaatnssawduszazawIndam U awLl a9
locomotor activity 1%‘1/1‘14, AUNINAFOULUL Open field test (OFT) LRTHATBILABS
adln damafounlaswgdnisy

OFT (No. of No. of
Treatment squares/5min) | squares/minute | Average | SD. S.EM
Nonstress 174 34.80
109 21.80
112 22.40
166 33.20
84 16.80
124 24.80
110 22.00
132 26.40
107 21.40
125 25.00
135 27.00 25.05 5.25 1.58
UCMS 164 32.80
136 27.20
100 20.00
140 28.00
132 26.40
174 34.80
111 22.20
112 22.40
123 24.60
182 36.40
147 29.40
107 21.40 27.13 5.39 1.56
UCMS+Cur10 153 30.60
112 22.40
141 28.20
67 13.40
121 24.20
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OFT (No. of No. of
Treatment squares/5min) | squares/minute | Average | SD. S.EM
UCMS+Cur10 156 31.20
97 19.40
150 30.00
132 26.40
148 29.60
125 25.00
121 24.20 25.38 5.23 1.51
UCMS+Cur20 203 40.60
69 13.80
85 17.00
218 43.60
120 24.00
179 35.80
122 24.40
140 28.00
120 24.00
153 30.60
128 25.60
90 18.00 2712 9.21 2.66
UCMS+Imi20 190 38.00
222 44.40
172 34.40
85 17.00
152 30.40
107 21.40
100 20.00
155 31.00
76 15.20
118 23.60
117 23.40 27.16 9.22 2.78
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A13 N 7 URAIAIANULNTUVBIENINZAIUNIATZIN malondialdehyde (MDA) Uazd1n13

g}@ﬂﬁuumﬁ 540 nm

AMNLTNT DI MDA @hn'ﬁ@ﬂnﬁmmaﬁ 540 nm
(Mmol)

0.25 0.012
0.5 0.021

1 0.081

1.5 0.142

2 0.22
2.5 0.288

@130 8 UFAIAIANNTNTUVBIENIATAILNINIZIN bovine serum albumin LAAINTT

g@ﬂﬁuuaaﬁ 595 nm

AMNLANT VDS BSA d'lmsqﬂnﬁwmaﬁ 595 nm
(mg/ml)
0 0.425
0.2 0.773
0.4 1.063
0.8 1.415
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M139N 9 uaaslSunwues MDA (umol) ‘lmwia:mjuéﬁamﬂmﬁwmmﬁﬂuﬁ'um']w

V193914 VIR1INCANY malondialdehyde

Treatment Abs-1 Abs-2 Average | Concentration | Average | SD.
of MDA (umol)

Non-stress 0.131 0.109 0.120 1.24

0.136 0.115 0.126 1.28

0.089 0.125 0.107 1.13

0.13 0.127 0.129 1.31

0.136 0.105 0.121 1.24

0.108 0.086 0.097 1.06

0.106 0.115 0.111 1.16 1.20 0.09
UCMS 0.126 0.138 0.132 1.33

0.133 0.109 0.121 1.25

0.122 0.109 0.116 1.20

0.14 0.101 0.121 1.24

0.114 0.117 0.116 1.20 1.25 0.05
UCMS+Cur10 0.131 0.137 0.134 1.35

0.119 0.105 0.112 1.17

0.098 0.1 0.104 1.11

0.09 0.107 0.099 1.07

0.112 0.126 0.119 1.23 1.19 0.11
CMS+Cur20 0.134 0.144 0.139 1.39

0.125 0.144 0.135 1.35

0.113 0.135 0.124 1.27

0.131 0.124 0.128 1.30

0.156 0.154 0.155 1.52 1.37 0.10
UCMS+Imi20 0.122 0.126 0.124 1.27

0.088 0.076 0.082 0.94

0.081 0.085 0.083 0.94

0.087 0.081 0.084 0.95

0.083 0.094 0.089 0.99 1.02 0.14
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P a a ' ' o ' o L o
MN1379N 10 LLﬁ@]GUi&I']ﬂLIﬂS@I% 1%LL(§]G$ﬂ§&I(§I’JﬂEJ'IGI@Uﬂ’]u’JMLV]EliJﬂiJﬂT]W&l’]@l‘iﬁ’W%‘lla\‘]

§1782A18UBSA (mg/ml)

Treatment Abs-1 Abs-2 | Average | BSA (mg/ml) | Average SD.
Nonstress 0.92 0.87 0.89 3.603
0.91 0.87 0.89 3.537
0.80 0.83 0.82 2.987
0.94 0.91 0.92 3.837
0.86 0.81 0.84 3.137 0.27 0.03
ucms 0.78 0.85 0.81 2.963
0.87 0.86 0.86 3.363
0.88 0.85 0.86 3.225
0.90 0.89 0.90 3.625
0.79 0.85 0.82 3.025 0.26 0.02
UCMS+Cur10 0.85 0.83 0.84 3.175
0.87 0.94 0.90 3.663
0.84 0.82 0.83 3.125
0.95 0.91 0.93 3.863
0.94 0.89 0.92 3.775 0.28 0.03
UCMS+Cur20 0.91 0.91 0.91 3.75
0.85 0.75 0.80 2.837
0.97 1.02 0.99 4.387
0.83 0.84 0.84 3.15
0.85 0.82 0.83 3.1 0.28 0.05
UCMS+Imi20 0.85 0.82 0.83 3.125
0.96 0.86 0.91 3.725
0.86 0.85 0.86 3.3
0.98 0.92 0.95 4.037
0.82 0.78 0.80 2.875 0.27 0.04
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M39N 11 LEAINATBINT A NUATERagIsawmduszosIamIudanIsiia  lipid

peroxidation Iuauadﬁ‘k’l’ LL&:N&‘Uaoma%@ﬁmiamiguﬂ'dﬂ’mﬁﬂ lipid peroxidation

Treatment MDA BSA (mg) MDA/mg Average SD
(umol) protein
Nonstress 1.24 3.60 0.344
1.28 3.54 0.363
1.14 2.99 0.379
1.31 3.84 0.340
1.24 3.14 0.289 0.34 0.02
UCMS 1.33 2.96 0.449
1.25 3.36 0.371
1.20 3.23 0.359
1.24 3.63 0.342
1.20 3.03 0.398 0.38 0.04
UCMS+Cur10 1.35 3.18 0.425
1.18 3.66 0.440
1.11 3.13 0.356
1.07 3.86 0.368
1.23 3.78 0.326 0.38 0.05
UCMS+Cur20 1.39 3.75 0.370
1.35 2.84 0.417
1.27 4.39 0.290
1.30 3.15 0.412
1.52 3.10 0.467 0.39 0.08
UCMS+Imi20 1.27 3.13 0.406
0.94 3.73 0.291
0.94 3.30 0.286
0.95 4.04 0.260
0.99 2.88 0.382 0.33 0.07
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suspension test (TST) wudﬂma%ﬂﬁu 20 mg/kg ®1N1I0NAZAAFAT immobility time 1%%1;}61{1

%
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fuaLfuuutas locomotor activity é’afu’iﬂﬁﬁwmsmaaqu'ﬁfﬁmﬁwLﬂ%maoma%gﬁu
luwuus18e9 unpredictable chronic mild stress a1l LﬁlagﬁaNamaamﬂﬁmlmwzma
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A28 I@wwmadgm'gmmﬂﬁam’azm%mazhaéamﬂm:mnmmu 5 glaniiie
wilsthliiAianasduad 3ntiuda anhedonia behavior @aillunwgdnssufivsuenia
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TLAIINIAIFIU imipramine 20 mg/kg WAENNINAROUAILAT FST uaz TST Faduisd
fowltlummesaunn@nssnduiaih Awuduaeigiivawa 20 mglkg faNInNazan
immobility time laaenailhydANIRAG LfiaLﬂ%ﬂuL‘ﬁwﬁ'unajuﬁ"tﬁ%’umwLﬂ‘%ﬂ@‘w%’au
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polymerase chain reaction Lfasa1nNanIANEAWLIN ﬁkbﬁ"lﬁ%'ummm%maLmeiam‘flu
seaznawndnarinlinsusesaonuesfusasirianasatsnnnlasiansluanasdin
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Abstract

Curcumin, a yellow pigment extracted from rhizomes of the plant Curcuma longa,
has been widely used as food additive and also as herbal medicine throughout Asia. It
has been used to effectively manage mental stress and depression-related disorder.
Unpredictable chronic mild stress (UCMS) has long been used as a model of depression.
Antidepressant agents can reverse most effects of UCMS. We hypothesized that
curcumin may alleviate stress induced depression. Thus in present study we assessed
whether curcumin treatment affect behavior in UCMS treated ICR mice. Mice were
exposed to UCMS for 5 weeks and anhedonia was evaluated by weekly monitoring of
sucrose consumption. curcumin (10 and 20 mg/kg/day, i.p.) or imipramine (20 mg/kg/day,
i.p.) or vehicle were continuously administered the last two weeks of UCMS. Behavioral
tests were performed over the last week of UCMS. We found that subjecting animals to
the UCMS protocol resulted in decreasing sucrose intake and increasing immobility time
in tail suspension test (TST), the tests have been used to detect helpless behavior. The
results showed that cucrucmin 20 mg/kg and imipramine 20 mg/kg significantly decrease
the immobility time in both test. No significant different observed in locomotor activity in
open field test between each group. In addition, the anxiety test was performed in this
study to determine the effect of curcumin in anxiolytic activity. In light/dark preferences
test, the percentage of time reduction in dark zone and induction time in light zone of
mice were treated with curcumin and imipramine compared to the stressed-control mice.
Curcumin and imipramine treatment increased the spending time in open arm and
decreased the spending time in close arm in elevated plus maze test. Moreover, we also
found that UCMS procedure decreased the BDNF mRNA expression in the frontal cortex
when compare with non stress mice and curcumin and imipramine treatment significantly
reverse the effect of UCMS by increasing the BDNF mRNA expression. There are many

studies reported that antidepressant treatment can block the UCMS-induced down



regulate BDNF mRNA expression. These results provide compelling evidence that the
behavioral effects of curcumin in chronically stressed animals may be related to their
modulating effects on other organ. In addition some evidence has hypothesis that,
curcumin has an property of MAO inhibitor that was effect on Catecholamine
neurotransmitter(6) such as Serotonin, Epinephrine, Dopamine etc. these are regulate the
function of mood. Furthermore, curcumin treatment exhibited the antidepressant activity
via increasing the BDNF mRNA expression in frontal cortex similar to imipramine, a
reference antidepressant. Although BDNF gene we have selected in this study but many
gene are relevant on the depression not only BDNF gene and also should be study

further gene expression on the other organs.
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Introduction

A Major Depression disorder (MDD) manifests with the symptoms at the
psychological, behavioral and physiological levels. An episode requires the presence for
at least 2 weeks of one or two core symptoms: dysphoric mood and anhedonia (a loss of
interest or pleasure in activities that usually would be enjoyed). In addition, four of the
following symptoms must be present (three if both core symptoms are present):
disturbances of sleep, feelings of worthlessness or guilt, inability to concentrate or think,
increased or decreased psychomotor activity, decreased sexual drive, appetite

disturbance or weight change and suicidal thoughts.

A Major Depression disorder preference is increasing. The World Health
Organization estimated that in year 2020 this disorder will become the second largest
health problem in human inferior to heart disease. There are three groups of
antidepressant that are ftricyclic antidepressants (TCAs), Monoamine oxidase inhibitors
(MAOIs), both of TCA and MAOI are the first of antidepressant shown their ability
facilitated to noradrenergic and/or serotonergic neurotransmission, which correlated with
behavioral excitation. But in the mid-1970s, the third group of antidepressant was found
by related to serotonin, serotonin reuptake inhibitors (SSRIs). Despite the last group is
commonly prescribed in the present, there are many undesirable adverse effects of the
antidepressants. Some of the various side effect from the different antidepressants are
dry mouth, urinary retention, blurred vision, constipation, sedation (can interfere with
driving or operating machinery), sleep disruption, weight gain, headache, nausea,
gastrointestinal disturbance/diarrhea, abdominal pain, inability to achieve an erection,

inability to achieve an orgasm (men and women), loss of libido, agitation, anxiety etcwoelk’

" QOOO)'Thus the herbal medicine is the major sources of drug, which may relate to

depression therapy.

Curcumin, a vyellow pigment
extracted from rhizomes of the plant
Curcuma longa, has been widely used as
food additive and also as herbal medicine
throughout Asia. In China, curcumin is a
major constituent of Xiaoyao-san, the

traditional Chinese  medicine. This

Figure 1: The yellow pigments of curcumin that
extracted from Curcuma longa 3



regimen has been used to effectively manage mental stress and depression-related

disorder.

Unpredictable chronic mild stress (UCMS) has long been used as a model of
depression. In the UCMS model, rats or mice are exposed sequentially, over a period of
weeks, to a variety of mild stressors, and the measure most commonly used to track the
effects is a decrease in consumption of a palatable sweet solution. The model has good
predictive validity (behavioral changes are reversed by chronic treatment with a wide
variety of antidepressants), face validity (almost all demonstrable symptoms of depression
have been demonstrated), and construct validity (UCMS causes a generalized decrease
in responsiveness to rewards, comparable to anhedonia, the core symptom of the
melancholic subtype of major depressive disorder)(wmner’1997).Animal models are
indispensable in clarifying the pathophysiology that underlies depression, depression—
cognition interactions, and in searching for new antidepressants. Several animal models
have been established, such as forced swimming test (FST), tail suspension test (TST),
learned helplessness (LH) and chronic mild stress (CMS). These models have been used
as reliable research tools to screen effective antidepressants and to further research into
pathophysiology of depression. However, the value of these animal models in defining the
impact of depression producing stressors on spatial learning and memory remains
uncertain.(L' Song et al:2008) The UCMS animal model has been also used to evaluate
anxiety-like behaviors which is an important element in the development of depression by
some behavioral assay such as the elevated plus maze and ligh/dark paradigm as the

Yann S. M.,2006) . . .
And Genetic level may involve with

evaluation of anxiety-like effects.(
depression, from our review literature shown that Brain-derived neurotrophic factor
(BDNF) is a neurotrophin important for neuronal development and synaptic plasticity.
However, it has also been recently implicated in the etiology and treatment of psychiatric
disorders, including depression (" Angeluee et & 2005). And a number of findings suggest that
BDNF action could be impaired in depression and stress-related affective disorders, and
that BDNF is involved in the etiology of these illnesses. Chronic administration of several
antidepressants, including selective serotonin reuptake inhibitors, increases BDNF
expression in the hippocampus. Another study demonstrated that centrally administered
BDNF produces antidepressant-like activity in learned helplessness paradigms and the
forced swim test. Therefore, up regulation of BDNF in response to antidepressant
treatment could have similar behavioral effects. This is further supported by an animal

study demonstrating that environmental stressors, such as immobilization, decreased



central BDNF mRNA. Indeed, chronic stress down regulates neurotrophin synthesis

causing atrophy.

Materials and Methods

Animals

Male ICR mice, weight about 20 — 25 g, were obtained at the age of 3 weeks. They were
housed in groups of 6 — 7 per cage. Housing conditions were thermostatically maintained
at ambient temperature (22 + 1 °C) and 12 hours light/dark cycle. They were fed with
standard diet and water ad libitum and were allowed to acclimate 7 daysbefore they were
used. In case of sucrose preference, animals were fasted for 18 hours before they were
test. They were randomly divided into 5 groups, which are non-stressed control group

and the other 4 groups of stressed mice with unpredictable chronic mild stress.

Drugs and drug administration

After 21 days of continuous to the UCMS sequence of the below-described, mildly
stressful situation, when sucrose consumption was reduced significantly in stressed
animals to levels not significantly different among them, the four groups of stressed
animals were assigned randomly to one of the following treatment: (1) vehicle control,
carboxymethlycellulose solution, (2) curcumin(MP Biomedicals), 10 mg/kg body wt.; (3)
curcumin, 20 mg/kg body wt.; (4) Imipramine (Nacalaitesque), 20 mg/kg body wt. All

drugs were administered intraperitoneally (i.p.) once daily for last two weeks of UCMS.

Unpredictable chronic mild stress

At the start of the experiment, the animal were first trained to consume a 2%
sucrose solution for a 48-h period in their cages with no food or water following food and
water deprivation for 18 h. They were given sucrose for 1 h per day on the five
consecutive days at the end of training in order to group the mice. The mice in the
experimental groups were then subjected to UCMS for 5 weeks. The UCMS procedure
consisted of a variety of unpredictable mild stressors including two periods of tilted cage
45° (12h), two periods of 1 h restricted access to food (5 micropellets), two periods of
exposure to empty bottle (3h), one period of 21 h wet cage (200 ml water in 100 g
sawdust bedding), two periods of light exposure (36h), two periods of intermittent sound

(3h, 5h), two periods of paired caging (2h) and food and water deprivation for 18 h before



2% sucrose solution consumption. These stressors were randomly scheduled over a one-

week period and repeated throughout the 5-week experiment.

Sucrose consumption

Sucrose intake were measured once weekly after the end of UCMS, 18 h of food
and water deprivation. Consumption was measure by weighing the pre-weighed bottle at

the end of the test. Baseline was measured at the week 0 before started of UCMS.

Tail suspension test

The tail suspension test allows fast evaluation of drugs psychotropic effects. The
animals were subjected to the short-term, inescapable stress of being suspended by their
tail and develop an immobile posture. Animals were suspended 50 cm above the floor by
means of an adhesive tape, placed approximately 1 cm from the top of the tail. The time
during which mice remained immobile was measured during a test period of 6 min. Mice
were considered immobile only when they hung passively and completely motionless.

Immobility time is defined as the activity of stressed mice.

Forced swimming test

The mice were individual to swum for 15 min in glass cylinder (height: 27 cm,
diameter: 20 cm) containing 10 cm of water at 25°C for pretest. A 24-h after pretest, mice
were placed in glass cylinder again for 6 min test and was recorded the last 4 min of
testing period. A mouse was judged to be immobile when it discontinued struggling and
remained floating motionless in the water, making only a small movement necessary to

keep its head above water.

Open field analysis

In the last week of UCMS and drug exposure, the open field analysis was
performed. The open field consist of a black walls and base divided into 16 (4 x 4)
identical sectors by white stripes. The animals were placed in the central sector and
measured the movement of mice for 5 min manually. The open field arena was
thoroughly cleaned between each test. Motility was scored when animals crossed a
sector border with both its hind limbs or rearing and grooming. This test can determine

the effect of drug on motor function.



Light/Dark preference

The light dark (LD) test is used to evaluate the relative anxiety status of mice.
The light dark paradigm in mice is based on a conflict between the innate aversion to
brightly illuminated areas and the spontaneous exploratory activity. If given a choice
between a large brightly compartment versus a small dark compartment, mice
spontaneously prefer the dark. Anxiolytic compounds have been found to increase the
total duration of time spent there. Anxiogenic compounds are observed to work in the

opposite way.

Elevated plus-maze

The elevated plus-maze was constructed from black acrylic plateand elevated to a
height of 50 cm. It consisted of two open arms (50 x 10 cm) and two enclosed arms (30 x
5 x 15 cm). Each mouse was placed in the central square facing an open arm, and
allowed to explore the maze for 5 min. The maze was cleaned thoroughly before each
test. The percentage of time spent on the open arms (time on open arms/(time on open
arms + time on closed arms) x 100), the percentage open arm entries (open arm
entries/total entries x 100), and total number of entries were determined. An entry was

defined as three of the four paws being on the arm.

Semiquantitative revers transcription-polymerase chain reaction (RT-PCR)

Total RNA extraction

Homogenize tissue samples in 1 ml of TRIZOL reagent. Add 0.2 ml of chloroform
per 1 ml of TRIZOL Reagent. Cap sample tubes securely. Vortex samples vigorously for
15 seconds and incubate them at room temperature for 2 to 3 minutes. Centrifuge the
samples at no more than 12,000 x g for 15 minutes at 4 °C. Following centrifugation, the
mixture separates into lower red, phenol-chloroform phase, an interphase, and a colorless
upper aqueous phase. RNA remains exclusively in the aqueous phase. Transfer upper
aqueous phase carefully without disturbing the interphase into fresh tube. Measure the
volume of the aqueous phase (The volume of the aqueous phase is about 60% of the
volume of TRIZOL Reagent used for homogenization). Precipitate the RNA from the
aqueous phase by mixing with isopropyl alcohol. Use 0.5 ml of isopropyl alcohol per 1 mi
of TRIZOL Reagent used for the initial homogenization. Incubate samples at 15 to 30 °C

for 10 minutes and centrifuge at not more than 12,000 x g for 10 minutes at 4 °C. The



RNA precipitate, often invisible before centrifugation, forms a gel-like pellet on the side
and bottom of the tube. Remove the supernatant completely. Wash the RNA pellet once
with 75% ethanol, adding at least 1 ml of 75% ethanol per 1 ml of TRIZOL Reagent used
for the initial homogenization. Mix the samples by vortexing and centrifuge at no more
than 7,500 x g for 5 minutes at 4 °C. Repeat above washing procedure once. Remove all
leftover ethanol. Air-dry or vacuum dry RNA pellet for 5-10 minutes. Do not dry the RNA
pellet by centrifuge under vacuum. It is important not to let the RNA pellet dry completely
as this will greatly decrease its solubility. Dissolve RNA in 40 uyl RNase free water by
passing solution a few times through a pipette tip, keep in -20 °C refrigerator as stock
RNA.

Reverse transcription

Pipette 2 LU of 0.5 g/l RNA sample to nuclease-free microcentrifuge tube.
Add 10 LU master mix1 [1 WU oligo (dT) 12-18, 4 LU 10 mM dNTP Mix (10 mM each
dATP, dGTP, dCTP and dTTP at neutral pH) and RNase free water adjust to 10 [lI] Heat
mixture to 65 °C for 5 min and quick chill on ice. Add 7 U master mix2 [4 LU 5X First-
Strand Buffer, 2 W 0.1 M DTT, 0.2 W RNase Inhibitor, 0.8 LUl RNase free water] Mix
contents of the tube gently and incubate at 37 °C for 2 min. Add 1 LU (200 units) of M-
MLV RT, and mix by pipetting gently up and down. Incubate 50 min at 37 °C and

inactivate the reaction by heating at 70 °C for 15 min.



Table 2 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'

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

B-actin

5-GAC AAG GCA ACT TGG CCT AC-3’
BDNF , , 334 bp
5'.CCT GTC ACA CAC GCT CAG CTC-3

5" _-TAC CCA GGG AGG AGC AAT AC-3'

CREB , ,
5'.GAG GCA GCT TGA ACA ACA AC-3

183 bp

Semi-quantitative RT-PCR

The PCR reaction mixture; 1 LU of cDNA, 4 LU of 5x PCR buffer, 2 U of
deoxyneucleoside triphosphate mixture, 2 LU of magnesium chloride, 2 LU of primer pair
(Table 2) , 0.4 LU of Taq polymerase and 8.6 LU of distilled water to give final volume 20
LU. In general, PCR was performed with a preheating cycle at 95 °C for 2 min,
denaturation, annealing, elongation and reaction cycles were carried out follow Table 3.
Aliquots of PCR products were analyzed by gel electrophoresis with 10% polyacrylamide
gel stained in ethidium bromide, photographed under UV light and analyzed by

GeneSnap and Gene ToolsMatch Software
Statistic Analysis

Data are expressed as the mean + S.E.M. and analyzed by t-test between non-stress
group and UCMS group and one-way analysis of variance (ANOVA) followed by the
Student—-Newman—Keuls test for multiple comparisons among different groups.

Differences with p < 0.05 were considered significant.



Results

Sucrose consumption
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Figure 2 The effect of curcumin on sucrose consumption of mice exposed to
unpredictable chronic mild stress (UCMS). Data expressed as
meantS.E.M.,n=10-12. Chronic treatment of curcumin (10, 20 mg/kg, i.p.)
was given the last 2 week of the 5 weeks unpredictable chronic mild stress

procedure. *P<0.001 compared with non-stress control group; #P<0.05
compared with UCMS group.

In the sucrose solution-training phase (base line phase, week 0), sucrose
consumption did not differ significantly among the group. The UCMS significantly
decreased the consumption of the 2%sucrose solution from 79.14 mg/kg in the base line
week to 22.28 mg/kg in the last week of UCMS procedure. Treatment with curcumin and
imipramine caused a gradual recovery of the sucrose intake. The decreasing of sucrose
preference in all groups of in the last 2 weeks, which is drug treatment period, may cause
from the injection of drug. Despite the injection of drug was made them like exposed to
stress condition, the mice showed recovery of sucrose intake in the last week of UCMS
procedure. At last week of experiment, the amount of sucrose preference taken by the
stressed mice receiving curcumin 20 mg/kg and imipramine 20 mg/kg were significantly

increase when compare with the vehicle-treated stressed mice.
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Figure 3: Effect of Curcumin on the forced swimming test of UCMS stressed mice (mean
+ S.E.M.,, n = 8 — 12). The mice were administered vehicle, Curcumin (10, 20 mg/kg, i.p.)
or Imipramine (20 mg/kg, i.p.). The mean immobility time of stressed-control mice was
200.57 + 11.02 s. The respective percent reduction in immobility time was 21.81%,
23.88% and 14.15% for Curcumin 10 mg/kg, 20 mg/kg and Imipramine 20 mg/kg. #P <
0.05 vs. the stressed-control mice and showed thesignificantly different between non-

stressed control and stressed-control mice (*P = 0.006, t-test).
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Figure 4: Effect of Curcumin on the tail suspension test of UCMS stressed mice (mean %

Immobility time (sec)

S.E.M., n = 8 — 12). The mice were administered vehicle, Curcumin (10, 20 mg/kg, i.p.)
or Imipramine (20 mg/kg, i.p.). The mean immobility time of stressed-control mice was
108.76 + 8.08 s. The respective percent reduction in immobility time was 19.75%, 40.90%
and 43.35% for Curcumin 10 mg/kg, 20 mg/kg and Imipramine 20 mg/kg. P < 0.05 vs.

the stressed-control mice.
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Forced swimming test and tail suspension test

The effect of administration with curcumin in forced swimming test and tail
suspension test at the dose of curcumin with 10 and 20 mg/kg and imipramine with 20
mg/kg. The duration of immobility time in forced swimming test, resulting in 21.81%,
23.88% and 14.15% immobility reduction of dose with curcumin 10, 20 mg/kg and
imipramine 20 mg/kg, respectively compared to the UCMS stressed-control mice. In the
tail suspension test, these same doses of curcumin and imipramine also significantly
inhibited immobility with a respective percent reduction of 19.75%, 40.90% and 43.35%.
In both models of depression, the effects of curcumin were similar to those observed for

the classical antidepressant Imipramine (20mg/kg).

Open field analysis
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Figure 5: Effect of Curcumin on the open field analysis activity (mean + SEE.M., n = 8 —
12). Chronic treatment of vehicle 20 mg/kg, Curcumin with 10, 20 mg/kg and Imipramine

20 mg/kg was given during last 2 weeks of UCMS procedure.

No significant difference in total locomotor activity between nonstress control
group and UCMS mice in open field analysis. After 2 weeks of curcumin and imipramine

treatment, the locomotor activity were not significantly difference in all group treatment.
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Light/Dark preference

Mice receiving UCMS procedure show the significant decrease in the latency to
dark zone. After treatment with curcumin and imipramine the latency time were
significantly increase. No significant difference in spending time in dark zone and light
zone between UCMS group and treatment group. The respect percentage of dark zone
timereduction were 21.75%, 31.73% and 31.28% in dose of curcumin and imipramine
compared to stressed-control mice. The mean of time preference of dark zone of UCMS
group was 214.34 = 1.38. The percentage time induction of light zone were 54.15%,
79.01% and 77.90% in dose of curcumin and imipramine compared to stressed-control
mice. The mean of light time preference in the light zone of UCMS group was 85.96 +

9.87.
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Figure 6: Effect of Curcumin on light-dark preference with the UCMS stressed mice and
non-stressed control (mean + S.EEM.,, n = 8 — 12), #P < 0.05, compared between
curcumin 20 mg/kg and imipramine20 mg/kg with the stressed-control mice, *P = 0.006, t-

test vs. non-stressed control group.
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Elevated plus maze

UCMS mice show significantly decrease in the spending time in open arm and
close arm when compare with the non stress mice. Only curcumin 20 mg/kg significantly
reverse the effect of UCMS stress in both spending time in open arm and close arm.

Imipramine show significantly increase only spending time in close arm.
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Figure 7: Effects of curcumin on the elevated plus maze of UCMS stressed mice (mean
+S.E.M., n = 8). The result showed significantly differences among non-stressed control

andstressed control groups (*P < 0.001, t-test) and #P < 0.05 vs. stressed control group.

Semi quantitative RT-PCR analysis

UCMS procedure significantly reduced the relative CREB and BDNF mRNA
expression in hippocampus and frontal cortex areas when compare with non stress
treatment. Curcumin and imipramine treatment group significantly increased the CREB

and BDNF mRNA expression when compare with UCMS+vehicle mice.
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Figure 8: The effect of curcumin on relative BDNF and CREB mRNA expression in
hippocampus of non-stress and UCMS mice (meantS.E.M, n=3-4), (*P<0.01 vs
control group and #P<0.05, ##P<0.01 vs UCMS group)
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Figure 9 The effect of curcumin on relative BDNF and CREB mRNA expression in frontal
cortex of non-stress and UCMS mice (meantS.E.M, n=3-4), (*P<0.05 vs control
group and #P<0.05 vs UCMS group)

Discussion

The UCMS model of depression involves in the presentation of a series of varied
and unpredictable environment stressors, such as two periods of tilted cage 45° (12h),
two periods of 1 h restricted access to food (5 micropellets), two periods of exposure to
empty bottle (3h), one period of 21 h wet cage (200 ml water in 100 g sawdust bedding),
two periods of light exposure (36h), two periods of intermittent sound (3h, 5h), two
periods of paired caging (2h) and food and water deprivation for 18 h. Following such
exposure, mice have been reported with anhedonia effect, measured by 2% sucrose

consumption. To assured these results are from UCMS procedure and sucrose
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preferences; we performed the behavioral activities to test the effect of curcumin
substances and used the classical antidepressant, imipramine, as standard of treatment.
The forced swimming test and tail suspension test were performed for determining the
antidepressant effect. Curcumin 20 mg/kg and imipramine 20 mg/kg showed the
antidepressant activity in both test. Only imipramine exhibited the decreasing in locomotor
activity in open field test. In addition, the anxiety test was performed in this study to
determine the effect of curcumin in anxiolytic activity. Light/dark preferences and elevated
plus maze were performed to evaluate the anxiolytic activity of curcumin. The results
showed that curcumin had the anxiolytic activity by decreasing the latency to dark zone in
light/dark preference and decreased spending time in close arm and increased the
spending time in open arm. UCMS induced behavioral changed were reverse by chronic
antidepressant medication and long-term curcumin consumption. In addition curcumin and
imipramine reversed the effect of UCMS on BNDF expression. Interestingly, we found
that curcumin increased BDNF levels quite similar to the imipramine (p > 0.05) In fact;
chronic antidepressants could produce long-term adaptation in cellular signaling
mechanisms in mice. The ability of curcumin to up-regulate BDNF mRNA expression is
also considered to prove its potential mechanism as antidepressant agent. Some
mechanism have an involve with curcumin to explain, why it is involve to depression
increased cell proliferation and neuronal populations may be a mechanism by which
curcumin treatment overcomes the stress-induced behavioral abnormalities and neuronal
damage. Moreover, curcumin treatment, via up-regulation of 5-HT1A receptors and
BDNF, may reverse or protect neurons from further damage in response to chronic
stress, which may underlie the therapeutic actions of curcumin (8). And the topic of dose
of curcumin 10 mg/kg and 20 mg/kg are not significantly different (p > 0.05) on relative
gene expression, they are seem to the dose of curcumin 10 mg/kg, 20 mg/kg gives the

efficiency to promote BDNF mRNA expression closely for each other.

Conclusion

The effect of Curcumin can reversed the decrease of Anhedonic behavior, which
involves with depression by monitor the sucrose consumption. These changes were
reversed by chronic curcumin administration (10 or 20 mg/kg, p.o.). According to 2%
sucrose consumption, at the last 2 weeks of UCMS procedure, resulting in significantly

differences of sucrose consumption among their groups. In the group of Curcumin and
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Imipramine treated, the mice showed the induction of sucrose preferences compared to
the stressed-control mice.The effect of administration with Curcumin in forced swimming
test and tail suspension test at the dose of Curcumin with 10 and 20 mg/kg and
Imipramine with 20 mg/kg. The duration of immobility time in forced swimming test,
resulting in 21.81%, 23.88% and 14.15% immobility reduction of dose with Curcumin 10,
20 mg/kg and Imipramine 20 mg/kg, respectively compared to the UCMS stressed-control
mice. In the tail suspension test, these same doses of Curcumin and Imipramine also
significantly inhibited immobility with a respective percent reduction of 19.75%, 40.90%
and 43.35%. In both models of depression, the effects of Curcumin were similar to those
observed for the classical antidepressant Imipramine (20mg/kg). In case of open field
test, they showed no differences among their groups but there is significantly differences
between stressed-control and Imipramine mice and showed as the same result as
light/dark preference. The light/dark preferences showed the percentage of time reduction
in dark zone and induction time in light zone of mice were treated with Curcumin and
Imipramine compared to the stressed-control mice. In addition, we also found that the
unpredictable chronic stress procedure induced a down-regulation of brain-derived
neurotrophic factor (BDNF) protein levels (1), in the frontal cortex of UCMS mice.
Furthermore, these stress-induced decreases in BDNF were also blocked by chronic
curcumin administration (10 or 20 mg/kg, p.o.). These results provide compelling
evidence that the behavioral effects of curcumin in chronically stressed animals may be
related to their modulating effects on other organ. In addition some evidence has
hypothesis that, curcumin has an property of MAO inhibitor that was effect on
Catecholamine neurotransmitter(6) such as Serotonin, Epinephrine, Dopamine etc. these
are regulate the function of mood. Although BDNF gene we have selected in this study
but many gene are relevant on the depression not only BDNF gene and also should be

study further gene expression on the other organs.
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