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The zebrafish (Danio rerio) represents a powerful model for genetic
studies involved in learning and memory function in vertebrates. Scientist
developed a variety of genetic mutants by using genetic techniques in
zebrafish. While zebrafish mutants are being developed, behavioral
researches on learning and memory function in zebrafish are in urgent
need. Numerous studies investigated inhibitory avoidance conditioning in
other animal model such as rat. However, the study of emotional behavior
in teleost fish was still lacking. We used a modified behavioral chamber
in our study to study the inhibitory avoidance learning in zebrafish.

Results showed: (1) Twenty-four hour after the training day, all
fishes were returned to the shallow compartment again. The escape
latency to enter the deeply compartment was significantly longer than
pre-training. (2) After exposing to the deeply compartment (extinction
training), all fishes were decline in escape latency when compared with
the previously test. (3) Seven day after the training day, all fishes were
returned to the shallow compartment again. The escape latency to enter
the deeply compartment was significantly longer than pre-training. It
suggested that this memory can be stored at least seven days. (4) The
administration of (+)MK-801(a noncompetitive NMDA receptor
antagonist) blocked the expression of inhibitory avoidance behavior in
zebrafish. There was a significant difference in escape latency between
(+)MK-801-treated group and control group. (5) The phospho-MAPK
expression of trained zebrafish’s telencephalon was gradually increasing

after training. One and half hour after training, the phospho-MAPK



expression of trained zebrafish’s telencephalon reached peak, and there
was a significant increase compared with naive group. The MAPK
expression of trained zebrafish’s telencephalon was no significant change.
The present study not only establishes a simple behavior model to
study the fear memory in zebrafish, but also suggest the similar
involvements of neurochemicals in learning and memory among
vertebrates. Thus, it may improve our usage of zebrafish model in
neuroscience researches, which may extend to the pace of psychiatric
drug discovery, and future studies with zebrafish mutants may be helpful

for identify genes involved in learning and memory in vertebrates.
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v & ##5% (Fear conditioning model )
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Eoobk kbR A s P S phdeid R FIEES B E 4] 0l
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B AROL o F 8 o = B Fe e B4 PR D] gy 2EiE 2 D] e enhd i
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BN fek @ enpd 7 ¥ B2y B & (Davis, 1992; Myers and Davis,

2002) -

E. & % 4% ¥ 235J% (Learning and memory in teleost fish )
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KBRS A - AR ELAE - e BB T
BAREARFEL 2 ACARERSRIT AT RE Y VA

WRFFAC AL F LR G E e ST A A

-10 -



FTRHEAP R SELEHRBTTREN S NFELFEET
BT A XML R F23% > =B 2L TERARY 0T
fleE 2 SR AT SRR g B g o 4 T B A S 4p
R8T 0 P Aia T B Ao 5 € R g i ey ihdk
B Fim il 2 R REA b b Ap i FptagE ke 3
GRS S RES Sl X gl S e -

ARG AF B o A F AR S A E IR > Ra A

4 ERBEX - BiRiAFROE 2 L0 RER Y KanttrE o 4

>
&
\

BEH A G OEY K oz BFE Y (spatial learning ) 12 %
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G. # % > Glutamate NMDA receptor # Long-term potentiation
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PALTOLERHFE A, a R Ak 2P A2 g s B
EHger2 ¥ N dbanifg > L FHRSEFETIEEY S Ay
REREENUTEDI BRI NFT SEETEE X LRES
wend I b R ¥ (Phillips and LeDoux, 1992; Kim and Davis,

1993) o @ 2 o R PIF S T1eps - b flpek-€ i A Wi s
BB ERE - AR EBIERIN PR RFFY - B
BARE Y @I EA TR L @3 2 =+ % (Doron and Ledoux,
2000) o A m & % A_terf 5L %5 (Eichenbaum et al., 1999; Hartley et al.,

2003) ~ e & 58 (Lopez et al., 2000)f- & #g (Sherry et al., 1996; Bingman,

1998) 48 5 § 4p b et ip o ddEfedl @ pEd 2 F B - $ o g I
Rz BFEY R 2 e ofkid 2 BIFEF BAGRAE G5

BB o ADEFFER AT AR F R TA SR 2 L
% I+ i H1¢ (Northeutt, 1981; Vargas et al., 2000; Rodriguez et al.,
2002) o F H#-£ G 2oz RIIRE A H IR sk 0 F R R E
g &L i3 75 ¢ 2 & JF =R (Portavella and Vargas, 2005) -
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Collingridge, 1993) > f* FMT 2 B @ o= 2 » § i"} BRI S A

as

e, 2 B2 Y 0 2 o R B e (S w e § B IR LTP <3 % (Rogan et
al., 1997; Maren, 1999) » ¢* - @ L &- Hr2 1 a2 2 DR
FV#Efa? 2P aR2zfgg - E72 EaBEeeRaOy FHFL
Lk d > g Y BN eh4 i (Walker and Davis, 1997) - ¥
PEZEPEIHEGR AP A HA s P2 3 R T
e 2 £ 5 I lrends it > 3 32 @ BAFF i 2 3nx 11+ f(Davis,
1992) o LTP 2= = 2 40 ‘g4 > p 5 4p 3 Efc @2 B4 S Bk
(excitatory neurotransmitter ) » 3% %] §_£2 5 3efé (glutamate ) 0§ 2
BEH M XSRS BT S 29
N-methyl-D-aspartate (NMDA ) receptor subtype +>/# & & e11d & o ¥

St Y B #;] o = Aa 5 i R e glutamate NMDA

\\‘ﬁ’
-

receptor %22 1 SR ER-2 F L iE4E o B @ * glutamate NMDA
receptor 2 #:41H| (antagonist) » R € 3¢ = § ¥ 0l s (Morris, 1989) »
Fp Fa % 18 S Y glutamate NMDA receptor ¥ 12 Sg$% /4 § 1 ¢ i
LTP - pt ¢F » % 1992 # Miserendino % + i * fear-potentiated startle
F st > 3 light (CS) -shock (US) fe¥t% ¥ %0 A ¥ 1% basolateral

amygdale (BLA) % =%+ glutamate NMDA receptors antagonist > 4o

L-APS & AP7 » ¥ [utis 5 8 4 o BB K fehd T 0 P 3 2470
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glutamate NMDA receptors %5 i* AR {FE Y I 75 £ & end 4
(Campeau et al., 1992)

G AT M R S Y 0 2004 £ F G AT K1Y MART 2 gk
o L AR B g 2 LTP o4~ Hh#EP 4GP ~7F & 4
LTP> @ 4] * glutamate NMDA receptor 2_ 354w~ ¥ [E%r LTP 93 =
(Nametal.,2004) > i&—- Hrm= T d d3%E 3 A SRA7 212

(neuronal synaptic plasticity ) c/3ic # o A @ vf FL 555 S 2 2 =57

SR 2 £ e s (long-term memory ) fuE 3 o ",/TT i

% T glutamate NMDA receptor 3% &%t » & 7 & Wrig 2 s 2 4 & F 1
@R 2 A FE o b]4e mitogen-activated protein kinase / extracellular
signal regulated kinase (MAPK / ERK ) (Impey et al., 1999)12 2 cAMP
response element-binding protein ( CREB) (Guzowski and McGaugh,
1997) » W3 cFFT LB IR > 5B oyl AR TR ¥ S hik
SRS SRR TS L R s S
Fragimre ¥ 2 MAPK 3 AR/ > 7 M fljgcimie cnm 2 ~ 4 ~ & it
1% 33 7% (Marshall, 1995; Ballif and Blenis, 2001) - @ 4] * insulin-like
growth factor k& i 30§ 4 w% B MAPK 17 2 PI-3 kinase &3 4,
JEo o e 3 P B 4 fw e e 4 IR % (Pozios et al., 2001) > izfv

o SRR BBt 2 AT T Sk BApe £ che gt oh > I3R0RE B P G
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A. §Z#H % (Animals)

AT IR ABH O WEYLIZ I 26 L o D
BREFF BRI L2 GRE kP S p o FR R AT L
28.5°C » R 14/10 | BF > 975 {7 5 R BRIV RS2 LEH Y iR
FoREY 2B h¥okd ¢ AR mie 2 4 $ 4T 7 #7(Institiute of
Cell and Organismic Biology, Academia Sinica) #t# & > ¥ d A9 % 3
B iT%a Bw 28 24 p Westerfield (1995 ) #71iF = 2_ &% > % >
2 E. PN Jg», ART T AT B R B 2 0 d B

PR W p
LHERASI RGP IRLA (R P AL A DAL L E 0T
&

B. #% %% (Drug)
Glutamate NMDA receptor antagonist : (+) -Hydrogen maleate
(MK-801) (20 uM) » pp Sigma 2 7 = L E > SRR i 4 < &
Prig * ezie 2 N foZE 5 R £ (Swain et al., 2004) 0 BB 8 T 00 pE

Foemor X e X & X208 420 uM (i MK-801 74 R4 > & =iz

>‘1\v

R A - e FEEELE > B ddp R4
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C. ¥r# |3 ¥ = 5 48 (Inhibitory avoidance apparatus )
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(CS)> Ak EHTHFF A2FERE T (US)> #a st s
BARFREETEFB - A adrdlR AT L AL FHFLF D
Piih - (7 3 R BB R )

PRFZREY FEAVRLET A S Z BIRRES I IFER
(acclimation )~ 2" 3 F# £ (training Trial ) 12 2 #% i i* & | ( conditioned
fear) > & FFEf A 40T ¢
a. i E (Acclimation)
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P g 2w gdap KA o

P 3 Fp £ (Training trial )

FlLFE el — X > Bede e AR K" 0 Fmb g F4ep o
b il — Mg BECH P 0§08 p r Rk RS MATRP A f)
0 S TH (1S RE/o0 10 B I0EFHMPF) T §/4
R AR EY IR REoT B Eadrdl R AT TR
S R-EETP AR PRS- &N FRED AN R RATET D

PR o

At RRRRE R - A A S AR AR E R LHEY > Fa ]
A BA-p d i dd BRER P o § 05 482 FRkRPIERMS
BRI RSB S ARPBEE Y - S LR
fiX K H TR PP o
d. §j T * 23 (Extinction training)

EWRITr IR B RE BRI EAAZFEET 1K (CS)
2 5WR (Fkw) B3 EREEEE i (US) RERLTE )

FTIE R APRIEFE P AR R AL EEET R
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MRS G FTFRTFASS S L RS iy R Ad A RA o
e. JRIE® IS PIE  (post-extinction training test )

WO DURIE 24 )P BHAMITE R LT > Fx i 4
Bdepd 008 - 248 BER o 5305 48~ F KRR
A PR E BB H ARP B ALY - ARk T &

WOk R TR PR o

D. p #8255 RE (Locomotor activity )

FHRE S RIS - BRLRBE T FEEHERGEL
N R A AGEER L o AL REL - FAkE 0 B 22 A4
B8 > HERYEPRLF R EFRNEFL0 DA HE

J/‘%"Ea}?fﬁ_#ﬂ: #’-/ug“pgp’?,m K xR 2 ﬁﬁ‘ ngfﬁﬁ%‘fﬁ’ﬁaé\v@%

N
|
TR

B2 1% 18R] % s (Etho vision) ¥t eni7 52 AR iTk sy 1 &

FrEtoa B g G AF TPEREN ATPEE LEESL R PEE 5T S LB R

E. & * 2% 5 & (Western blotting )

FI#* pipe - = Fadh B P TF A "= 38 % 7 A% (sodium dedecyl
sulphate polyacrylamide gel electrophoresis, SDS-PAGE ) i& & #& #-v
E3 AR A FEZHEREFTSY AT HRATEFIF N OFG TS

MAPK 3#-¢ & 2 phospho-MAPK 3#-v 5 H i»+ & < /] 355 44kDa-
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SDS-PAGE # # :
W gel chg 8507

[izirepesl-]

30g acrylamide > 0.8g bis acrylamide *r-k % 100 ml (a % /% )

Tris buffera @ 12.1g Tris 4c-k 2 100 ml > pH 6.8

Tris bufferb : 12.1g Tris 4c-k 3 100 ml > pH 8.8

10% SDS : 10g SDS “4r-k 3 100 ml

10% ammonium persulfate

TEMED

1096 Resoling gel :

{1

o5

Tris buffer b

10% SDS

ddH,0O

10% ammonium persulfate
TEMED

Total 10 ml

59¢ Stacking gel :

a ;

T

3 i

>

Tris buffer a

: 0.1g ammonium persulfate “r-kK T 1 ml

3.3 ml

2.5 ml
0.1 ml
4.0 ml
0.1 ml
0.004 ml

0.67 ml

0.5 ml
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10%SDS 0.04 ml

10% ammonium persulfate 0.04 ml
TEMED 0.004 ml
Total 4 ml

UH gel

fe @ 4% chresoling gel i3/ > @) > ¢ B 2 g P H P > £ 4o
/ﬁﬁ:*'\ gel + ¢ H IR o ogel B “/\i ks /f]ﬁ:/%] v Ay
» B & 4F 2. stacking gel i3 i I e pE - B FR 4 (comb ) &~ o

#H 15 T2 & SDS-PAGE gel s8] # o

B b R 1S 0 MR B LT P 4 » Jow B 5P~ (Tissue Protein
Extraction Reagent, PIERCE ) i & & » 41 % & 5 #-w Sin i
(homogenize ) « % 4°C ™ 12 10,000 g 2 i# & < 30 4~ 48 o Pt ik

T3 2R %A 3% > pra»t-200% % o

% & (Electrophoresis )
% P& Laemmali /2 :& {7 SDS-PAGE » #-F-v 4 3t o #-jidt 0}

E T AN P (Bio-Rad)» #3%# ¢ /i » running buffer ( %% > /3
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REls ) TR B0 FRAZ A EYP TETZ 2 (well)
Pl 70 REFIFE R AZALT R F F ¥ &~ & 3T (resoling gel )
o o 150 R RREFIE FI ABPIERB R H 12

PFo)e R R is o B2 R i& {7 & Er ( transfer ) e 3¢

[izirpeflz]
Running buffer, pHS8.3 :

Tris 15.1g

Glycine g
(% 4r 900 mlddH,07% 32 )
10% SDS 50 ml

4eddH,0 % & {2 884 = 1000 ml

Sample buffer (5X) :

1 M Tris (pH6.8) 1.25 ml
Glycerol 2.0 ml
20 %SDS 2.0 ml
B-mercaptoethanol 0.2 ml
Bromophenol blue 2 mg

4eddH,O % 4% 2 10 ml

-23 -



v F g A@e 2 (Blotting)
#-PVDF membrane #* ;22 5 A 4518 » (T 5 5 ad® o L iz

¥ (semi-dry transfer unit) p 3¢ 4f - 5 i transfer buffer ( %% > 3 7%

B

Fefll = ) ;2B 3M JhIS > 45 55 2 T & o SDS-PAGE &M B~ )
4 gl o L #-S FF g2 R > 9 PVDF membrane 4 + 0 AR §
@ o B Bt P dodf - 3R 55 Transfer buffer ‘ZEH3M gk o == %
B Aad4CT 70 RFTR 200 BT EFEF 1) 2

> {& B~ 11 PVDF membrane -

(3 pd=]

Transfer buffer :

Tris 3.03¢g
Glycine 1441 ¢g
Methanol 200 ml

seddH,O % #8481 1L

3tre# F  (blocking )
##& F7 % & 59 PVDF membrane % % 5%%i %3 2 4 /PBST #* » &%

BT 30rpm 45Kk 1~2 ) pF o MRETZEE R ML L o
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LB 2

#- PVDF membrane 12 washing buffer ( % » iz rp@e ) jix
544w =t o f 4~ 4 1x PBST 48 0 first antibodies( Anti- MAPK &
Anti-Phospho- MAPK » 4rfit - ) 4CT F itk o & R {8
washing buffer 7% 5 & 48w = > 4¢ » 12 1x PBST ff## <7 HRP
conjugated secondary antibodies (4%t % - )> TR T F - B} ok
& = {6 11 washing buffer 7% 5 A & w =% -

B ¢ > #-PVDF membrane ' 7 ¥ crbufferfi fic 1 =+ N3 jz i o
MECL™# @ % ¢ (PerkinElmer Life Sciences, USA, NEL104/NEL
105) » #-Luminol{fr & & i8a& &2 £ /% » i » PVDF membrane * i¢ 2

323 » # o Luminol {rsecond antibody } c7HRP** 8 £ 7 5 & 1 &~

(T KR TE E AR o RS 4 R A T R AT e
A 45 g B MultiGauge:ig {7 4 47 -0 B 1% ¥ choptical density & > 14 & it

v i mE o

[Ziepde ]
Washing buffer (PBST) :

10X Phosphate Buffered Saline (10X PBS) (1000 ml)

NaH2P04 2.03 g
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NazHPO4 11.49 g
Na(Cl 85 ¢

10X PBS-Tween 20 (10X PBST) (1000 ml )

10X PBS 995 ml
Tween 20 5 ml
Blocking buffer :

Non-fat milk powder 5g

4v washing buffer = 100 ml

<fit& - >

a. First antibody diluents

HR8 2 L . Anti- p44/42 MAP Kinase #ER 1 1/5000
- i

FERE o @ ~ B &% %0 ¢ Cell signaling Technology, Inc. #9101

il % L © Anti-phospho-p44/42MAPKinase [#f k& © 1/5000
s T

(Thr202/Tyr204)

FEE 2 @~ B &5 ¢ Cell signaling Technology, Inc. #9102

48 ¢4 ° GAPDH KRR *1/2500

PEE o &~ B & %50 ¢ Gene Tex, Inc. GTX82899
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8 ¢ - - Beta-actin HRER ¢ 1/5000

FERE 2 & ~ B &% 50 ¢ Abcom. ab8227

b. HRP conjugated secondary antibody diluent

$idl % 4L ¢ Goat anti-Rabbit IgG : HRP |### k& © 1/20000

LR o & ~ B & %50 ¢ Jackson ImmunoResearch. 71148

FI* SPSS sizt g A 47 > 9 Pl L W 5 sk Ay

i # * Wilcoxon signed-rank test > p<0.05 A3 2 & 3 Szt 2 ¥
AR o hp FHIFERTE T &ES AT Student’s t testo p <0.05
MITEFRPF 2 FLAR 0 BRSBTS A ER
* one-way ANOVA % B A 7 » #-3 (SiB 3 & 3 I Al 4§ iF
F]3 > L i#* Student’sttest i 7 E {6 & 2 B ant ik o p<0.05 430

T E 3

BT NER = F 8 I
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W SR

T~Fe2%
7 %

A R HREFRP

EEAATET UEEAEE S faE AR B B AP

FI# 3 Frdi w7 5 45 (inhibitory avoidance apparatus ) % i& {7 5@

BASiEEc BIEFY I % AP %G

4_'/
e T 23 e T s R

Group one -

#%08Viem 2 7 F {jkw & o

Group two -

2 1.0 Viem 2. % B 1w & o
Group three -

% 13Viem 2 @ # g5 B o

Group four :

B 1.5Viem 2 T # g R o

P S AL Bl AT
Acclimation Pretest Test
1 day 1 day

(B 5%— e H)

-8 -

Li* ol §=2317 B2 A eh
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B. #%2%HM
B E % 4oB - 0 5B Wilcoxon signed-rank test 4 478 1 7 1.3
Viem 12 b g B2 B AR K ER BT O R
Fehb 4 s 43 2 pretest frotest 2 B £ B iE Bl b oenlg oK
® (p<0.001) > @ 1.3V/iem ™~ g #F{5% B2 75 B A
Rk FBg RS EEFares o 27 & 13 Vem 1+ hE &
TR BT » o8 457 — el 15 ey S 2 diE

R -
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RO BREES RIrHILL S ASEEY A A2 0 TR
AT F A R R RS R AP Pl 7 S
GRS AT Y B R 1382 17 B 4l Hmr s
A EH o TFNERRZBRERTEH - TR TE Y kR

2. 1.5V/iemz. § ¥ )¢5 & o

Acclimation Pretest Test Extinction 1 Extinction 2

= _= <_= < > = _= <V%I
1 day 1 day 1 day 1 day

(3 5= crinieR)

B. F52%HP
R %% 4cBl = 0 i Wilcoxon signed-rank test 4 47 & o+ & 1.5
x%m1?§ﬂﬁﬁaf’ﬂgﬁﬁ?gg@—ﬁﬁyﬁ@,%ﬁ

NFzE 2 g it B Ee R 0 fopretest frtest 2 FF £ B i I st
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g EKE (p<0.01) ;A EECEIFER AT RS
= oM R e test fo2 extinction 2 FF £ £ i P F endg

Fork# (p<0.05) -
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PORFES AR DI REI T LEYREET ko AP
PPl L R AR RS Y %R 082 3
THY LIRS ARk BRI R LR kR -

STRE T 2T gk BdF 20 1.5 Viemz T g B e

Acclimation Pretest Test
1 day 7 day

(R k= chinfeH)

B. 2% 2%®P
1. 9% %% 4B e » 5 Wilcoxon signed-rank test 4 15 &g 71 » i@
PRS- R R pretest frtest 2 F R REE LR ( p

<0.05) » RAFLERHEFTT RPPFFI SES X o
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OB RS AiE2 - REE Y FF Z S glutamate NMDA

receptor > A F A 5 o % - E icontroliE o A¥ Y - wip ke pF

FEkcy X7 3B (k) g+ HF B2 E55HEHIT5 HER
P raee o B s%Bce i i ¥ - 25 %7220 uM glutamate

NMDA receptor antagonist, MK-801 % » & ;& /& pF [ Bhdo2_ w0 #7if o
ZMK-8014f & ‘e d 3t ik 2 it TWEE ¥ 2 B 50 o 3 2o w3 testis o

BEEFpFRERG SRR FUEEEL R T 2 P B

P FHIE R T AT ) B2 BMK-8012 ] 0 FE- ik (s 0 £
- KER O RAPE Y A
Immersed 1 hr/daily (4 day) Acclimation Pretest Test
R - 5 <_> < _~> l
1 day 1 day 1 day

(B e e @)
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B. #5%%%HP

l.

I FMIFE R TR P RE S4BT 0 54F one-way ANOVA 4 17 5 1
y
PRI EPIA R R A TR ANE T F R B

$oimie o R BAPT g i A B A B E i

|-
bR
o
Ry
¥
T
=h
{ N
Sk
kg

R RIEE Y G S4Bl 0 S48 Wilcoxon signed-rank test
A7 BT = e F MK-801 e7§ % & > % pretest fr test 22 FF ¥ /2 3
MEFAR > 28 5%H 7T MK-80l st Atz 2 " BRIFE Y A4 ¥
e 5k g o
PEE IR EE Y F B % 4o Bl > Wilcoxon signed-rank test 4 47 &2
- g MRe i MK-801 2 e Wi 7t it BEFY >
ME AR IEECREE Y 2 o fo pretest fr test 2. ¥ £ B iF
FlEzt B F-K® (p<0.01) - d F 5% %% R MK-801 ¥
RS AR Y ¢ RS RS Y

To2big A R G o EARRIES fhiEE B IES

&= £
¥ oAt 375

i
=

# % it glutamate NMDA receptor ©
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y

A FEREFRP
Fotm b i 2 - BEF Y £ F 3 5EH v %7 MAPK F-v
Fompeit o AF %P % 18 EnaB g @ B 240 55 2
ER AR F - N L -
Group one -
gl RS E P I (naive ) o
Group two -

PASGFEECTREEY RIS &

=t

G gRE 0.25 ] A -

ad

LR AR ﬂ‘ﬁ?} Walmz s B 4 o &2 iE 0.5 ] F%%i‘i‘}’i o

Group four :

LRAERECRIPEY YRS &

=t

R SO B Bg;;%;«bt_ °
Group five :

LRAEELRIESE Y VRS A

=t

GRS 15 ) PR -
Group six :
ARAEECRIEEY IR E A0 od AR 2 ) PR -
AR EHE-€ 1% & 22L& & i (western blot) i Rl#EEL - MAPK
Fv Feng £ 12 MAPK 3¢ HFenid 7z £ o
P B i AL Bl Ae T

Sacrifice

Acclimation Pretest

- = - = I

1 day 0.25hr ~05hr ~ 1 hr ~

1.5 hr and 2hr
(BT i fel)
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B. §5%%5%EP

1. § %% % 4B~ > 518 one-way ANOVA 4 +7 & 7 2 B main effect
& T BT E KR (p=0.000534) > B MAPK 3-v 7 &
Mg AR EEFRFFERM ARG > @ iF 2 L BIEIR
6 1.5 ] PF > gipk 1v Erkl F—9 B e ? hd 3 E 49§07 naive
wd AR 4 0 T A SR E K (p<0.001)

2. 5 4Bl 0 5 1F one-way ANOVA 4 +7 & 7 2 B main effect
TG E Pt kg F R > 4 n MAPK s®e? chd 2N

FREF LG PR o
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- HAERES A E RIS Y TS EH

MAPK #-v B erpipe it o AR %7 i@ % 25 £ 8 4 > HRA B

N\

EA LT s RS NBERAT 2 T

ETINS

Group one : naive

At AEE PRI -
Group two : contextual treatment

BB FPAIEARE TS fan AKERE P REFY 208 b 0 i

B AR 7 5 F 15 15 ) PRk -
Group three : shock alone

SHSREHERTRENFL S § o b THEE 15| Bl -
Group four : paired

PRSFELEIEEY RS G0 om AR 1S ] R
Group five : paired + MK-801

e 5 iF MK-801 AJZif P == if IV BIEE Y IR 5

oo RIS 1S ) PR AR o

AR ERHE-€ 1% & 2 2% & s(western blot ) i plgERL i MAPK

v Feng £

TS AR Y Bl

Sacrifice

Acclimation Pretest

<> < _5=
1 day 1.5 hr .

(B %= i AeH)
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B. F52%HMP

1. § %% % 4B+ » 51F one-way ANOVA 4 +7 & 7 2 B main effect
F P kg F-KE (p=0.000204) - & A Group four ¥2 ¥ ¢t
AN P I EFLAR s BRI AN T ERFL

_

Bt HEF OB A LFES P BREBREY Y R

—\

2 & % 1§ glutamate NMDA receptor 575 it ¥ %’ﬁf d MAPK 3#-v

SRR R
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ZR et
AFTHEYTFRAPE AN EERFNI LI A LER 30
B A g b i 2 i BIFE Y 2o i 2 JEP~(acquisition) (T * iE (742
T oo ARETBIR IS hoat ?’a%’ﬁé Fral L@ 7 5 48007 5 TR

O EPREECREEY 2R AT o A PFRETZ E -

|4

RO S A TFE E R PRA AL Pl T oo
“f Pz ek s EAT IR L B FE R EDR > s g 4o xE G glutamate
NMDA receptor » #H4rF e RBEPTET s F 8 o m Ao & -“ﬁ 5
Mo ¥ R FERIOTASRE LRI R FIREE
(Northcutt, 1981; Vargas et al., 2000; Rodriguez et al., 2002) > %]}t 2% i
AVRGE a8 e Brkl enmipe v A L 0 4 3 I Brkl coms
falt 2T EE VB LA RSO FFT TS A ELCRIESR
¥ %58 MAPK hgife i 2 LB 3 v » R 2 2 RA A e il 548

R I R Ty o B T RLRL T L

FHE P L R T Rt G A G 2 g
b R R AT M ete gk s o
B el i@E LB BRGFECBIEF Y R4 -



a4 g & BEEY g ¥ 34 F](Williams et al., 2002) » & & A
EMETHF Ly TR ol (Xuetal, 2007) - @ ~F % *
RimFr Laovf kg iviE it flg (CS) mE ELRFg iv2
i Pl (US)» #3 et > Fsah g #7 k%2 THEME
—Az AR AT AAFRFLFOEEER R H ()
MERNPOTHRESEFR S AEET - I EECREFE Y IR
0 e dplE (test) @ $Ric fg L PIAEF A Y ok (Bl- )
o B REERTNEEFS (FLkR) PR F IR )R 2
Bt Pl T L aur A EE Y A Ko 28 & Pavlov i a0
RCRESERTIERE LR g

AR REmETERYFORE S AL A2 e - A0
# X (forgetting ) SEFPFRF L3 CS-US 2 BB %0 ¥ - 8.5
d LB EATE Y AL ATl 180 T ML W F g2 CS-US fr
8 RATE FBUTY Wi - H R A o B BRI SF R
PR T R B EATE Y AR TR kel Gt
P o A PREd ¥ %A 0 Raelie L Y o
oo gf A7eze fa(Wagner et al., 1981; Bouton et al., 1993; Lovibond et
al., 2000; Bouton, 2004; Vervliet et al., 2004) -

AR (- )~ (2) hgk > 2 e%ET S fdey g2t
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TIEE Y 5 4 fopt s v %5 S R i

m
Ve

SRR b e (7 S 9 RS o

g

B A iEE B EE Y 2 glutamate NMDA receptor R % o
LA R AT o AEE R FRI RS o 2 MK-801
( glutamate NMDA receptor antagonist ) (20 pM)iZ ¢ = ;% &Jd2 i B
EACH G IR R R AR Y (Bl )2 R

BEor i S B I 0 BEAR R W g 2 1L BBV R T ) MK-801 %
et LA - BEPE FPPELEIEIBELIFELECLERR
DIPE S PRI AR EEY w4 o F]Y > MK-801 #E4 ¥ 2
€W B deRA 4 XA T o A B AR e glutamate
NMDA receptor =35 it o
0 G 3 S Ap M eh ka3 glutamate NMDA receptor

antagonist ;T & » * v EREPN {8 > 9l ¥rx v HenF ¥ it 4 (Tanet
al., 1989; Packard and Teather, 1997) o ",/TT gLzt B 2006 E epFiE
Gomez % A J|* 2 A7 P ok > ~ FRAPpNNFTHRLES B
e B Y A 4 AR R T

BHEHFTHR (2 ) v (T ) FHE whE- Hiemh i fady o
LR e RE Y A Y ¢ 0 B 1 glutamate NMDA receptor£_7#

v Rk e & A L -
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3. REEAEEC A RFEL AFERIERY Y e R

FHE L DiEE L EETREY o “f 7 % F] glutamate NMDA
receptor i & ¢h > B F R RPH B WAL L F i BIEE AE o B
4 mitogen-activated protein kinase/extracellular signal regulated kinase

(MAPK/ERK ) (Impey et al., 1999)12 2 F 3 cAMP response
element-binding protein (CREB) #1% £ (Guzowski and McGaugh,
1997) -

Ay % F 2 gk (westernblot) o A 473§ 4 x4
MAPK 3-¢ B ermipe t 2R 2T € frif 2 I BIFsRE ¥ @R
B o SR AE Y IR s G Y g it Erkl 39 7
"EERR G BB A g @ RIS 15 ] B BEEL T Erkl &
v R AIREED B A PR Erkl 39 B AR H Ao T2
i Erkl 3= Fen@ @R be o b B R A F A AP o ¥
FERNFIEHFL B LTP pigas 3 > i 2t B iR
PS> A% iE glutamate NMDA receptor 67375 14 0 2. (S 4T 3 3 38~
KEEENN %’g d Ras > Raf> MEK %2 4, @15 /=@ % i MAPK(Falls et
al., 1992; Maren et al., 1996; Impey et al., 1999 ; Schafe et al., 2000 ;
German et al., 2003) » MAPK 7 it F# € i& » oz PR B A Flahd )

Em g A ey 2 2% (Ghosh et al., 1994; Davis et al., 2000;
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Kida et al., 2002; Lonze and Ginty, 2002; Lin et al., 2003) -

4. B A LFZFE? ARDFEER -
FpFIAspEy ey £2 - BRE > AP
Frofag 55 k0 R2FHFY SeREmY ol g
oo A T EIR 0 S A S Techi T IEARN R LA R RPN aig
g0 P AT ARG AR C DRI AP F R e A 2
SRS h el B RS- R B3 LA TR EEFM@R
o R THER )M E oA R R T
B YL EL f5 (Byrd et al., 1996; Orger et al., 2000; Mombaerts, 2001) -
AT EEY AU F RN FREE (- )HEE A ERFERELR
FrefRE Vo S () FEERBERERI PFAART- X (2
gt VR IERE Y & 5§ E 1 glutamate NMDA
receptor kA4 (2 )b g aif 2 P B IPBE Y 'R E £ MAPK
SEERL T R BRI L o PRI LS P BRps CErkl 3 FARE

bed

\-‘-r\

I% % > 2 gt gkps v Erk] 3-d FT 4 S d ARBERL T DBk ] 3-d
H#cp H4e > @ 255 BErk] o9 H € s 4o o

A2 RHREEF RN AR EARL ST 2 D% 9o bl
Bip@asl g2 RERAFIRE Y 2 B o B 00 B

FAMEFERB RS B Y (7TEHS BB g
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RS ERI SRR 2O ST SOy R R G
S R F S A LA KT PR Mg EEE E

40 7 5 LB TR T L ARERTH 2 o
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