Al eEA X QAR
The Korean Journal of Cognitive and Biological Psychology
2013, Vol. 25, No. 4, 581-594

A7 949 A7 AFE 2A AFo2 AL
TE 7Y fE
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ol
Jote
O‘O‘l
rlo
o
o
Ay

QYN HE A ALEE TR AR Be dTEel HERT TE A0S el g1 5
3] A AF o8] FAHE BX 719 HEA 9=(lateral nucleus of the amygdala, LA) .2 FAFSIE F 7}
A 99 AzdAe] WahE eRit o] F 9Y At 242 ASHEA 2 halmo-amysda pahwash 3 4-

B oo 34 A3 Al A28 (medial geniculate nucleus: MGm)

HEA| 7 Z(cortico-amygdala pathway)©]|T}.
F& 20 Ao 8 ARgste] 2818 frEsta ofd] wE A-AEA AR A~ B84 FUHE B
stk mEtA & ATelMe JR-ARA AR taAgS BRlep] fd Ao 9o w o] Are Y] A
& AAFOE A FE 2P FFAQ FTE UEE FEF F ASA ARE RIS HAranEs
o] g-3lo] o]x} A7} A (secondary auditory cortex, Te3)2] U] H7] A=E 27 Al=Helectrical conditioned stimulus,
eCS) o2, e 7] A= F271 AF(unconditioned stimulus, US)Q. 2 A}&-3Fo] 33 %71 3H(Conditioning) S 4
Alstdnt. 273 thad2 eSS 33] AR 7198 HAKTesnE AAISte] 22188 F3EHH-S(conditioned
response: CR)S.ZA] FAWHS(freezing) e S43FAth 1 AF, eCs9 USE AR AAg A
MGmpiiredo] ¥ AFE PHAeZ ANG DHTSupaied i} ccsol el o B EAMLE ngvh T3
ALAEA A2 ATFE AAG AT DTS mied®] FANS 42 ALUEA A2 43S FIT 94
W2 B0 AN AHMOm paredF W mALE W, FEITI Aol sk ALk, ol 2AWLLS 3F T 7))
A Reesod A FALLAL, o 23S DARE W, SF AESHE A5 AL-AA A2 adve
guslele] o] Psael ol @ BT GY 12 AT AEetel ZAHN A9 FAE BEA
e Adrh

[}

¢

)

15}, Jtad, DF-HEA ZE, AlY-HEA 42

+
>
=)
OH
Kl
Bt
™
ol

* o] =2 2038 d e ety EIiet SHAFH] | olsto] S5
T Az A4, wetetn At (136701 AE5EA 5T SUE 145
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o FEXAS e Bl gy 4R 2
o] A9l ZZAA=H(conditioned stimulus, CS)
= A7 34 Te 3EES 4o F

Aol AAeHY, APFES Csell ois)
2} , 2EY A TEE BH B
AxF-S(freezing) 22 Z73}H HH-3(conditioned
response, CR)= Ho|A Ht} o] uwf, cs¢t US
S A 9 g A AR AR 959
(laterlal nucleus of the amygdala, LA)ol| =23}A|
et oSN dojus st F FRF
o] FE7L AgHe HPS Fdte sew
a4 9JrthleDoux, Farb, & Romanski, 1991;
Romanski, Clugnet, Bordi, & LeDoux, 1993; A%
2, o], A4, 2000. = A=F0] HE
Aol =2apriziA e A F, 53 28 E

2 AME A5E AnEd, H
2t FEE AE Sl HHY 9% (cochlear
nucleus) & S} (inferior colliculus)S A X F
Al A (thalamus)7FA] =2 3FC}H(Ledoux, Ruggiero,
Forest, Stornetta, & Reis, 1987). ©|Z A A7}
A =gg J2F AEIF JEA] oS3 =g
she A2de A F 7R 9l O %
stte Al WS S48 WS Y(medial
division of the medial geniculate nucleus, MGm)©l|
A Al AwA d3des FAhe A
A-AEA 7 Z(thalamo-amygdala pathway)©] 1L,
E e b A4 UE 28Y B3 9
o o] A (ventral division of the medial geniculate

nucleus, MGv)ollA A|ZelA L3 A Ze]A

(primary auditory cortex, Tel)¥} ©]x} A Ztn]=&
(secondary auditory cortex, Te3)S AA HE

dzdon Bapshe AL AR A2
(thalamo-cortico-amygdala  pathway)©] THLeDoux,
Farb & Ruggiero, 1990; Romanski & LeDoux,

1993). 0|23t A}EL A= FAletes 7

I

R bl BEAEA ) BEAo] A
49 AR
Ag71e Fgo] ok e Hkebby

o a7
AT 9ITHHebb, 1949). 9] WH & AF2 A
3 AESE Az T ARAEIL AZE L

=2 7P 2stEE A
1

i

ol M B2 AAE

olt}. o] 7MdE AR5 @ sx AE A
Eo] e, 1 924 2t 24 2L o]
43 FE 2A8} o] Foj7l Fol AEA 9|
Zalo] ANAAEEC] Csof tig] Hole W)
go] Z7}8F9 3(Quirk, Repa, & LeDoux, 1995),

nlHE FHollA 57 $(evoked potential)7}
74Ethe Z3KRogan,  Staubli,
1997) 5ol At ey oled A7=L A

& LeDoux,

—

A9l AnY FE ke 4% WA %
dh b HEA Zde] FAsE
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2 FEY & U NS Hlsgn =
As Fo AgAEA ARe) AWz 584

2009).
AR AF-AEA AR A7 TtaAel F

X719 Ao AFAQ 4L k= Ab

A AAske At v EASA T, 94-

AZA A2 g A7e FuHez Aot

3 F 3 AFoHe AA-ARA AR 9
HeA A2

oX,
&
2
o
=
r
£
ol
Ko
rr

(Romanski & Ledoux, 1992), &= TFE &
23 4 F ¥ AnE dges
24 Z2¥slele A% Fe 7
(consolidation) T} A= Al ZAzETH 12
A=} eolel B F8E & Uee ¥ o
9 THBoatman & Kim, 2006). ©]#3d =A
N L-AwA Ao AaAme s

X ¥ ot
Flf =

o
ﬂ9~'
o

il

ol
6 ok dr ro

3 FEINAE AZE F de F2E A

& 7hsAdE ARG 2y S8R

2 AA-AeA Ao 7hade] F27]Y
o] Aol Slo} "@Hehs g Hrkshle
ofth & ae|ASAM HREE F4 PE
T A A4S X3 oY g4 ARE
AABR 53R AE2TE AdE L 7Y

o) ol BUE A2} ok of2] Aol
4% 949 AeAe WA ¢ AT o
A B aFANE A% 28 Ao ok
AEA 5oz FAlete 1z 7494
(secondary and tertiary auditory cortex: Te2/Te3)2]
A7 AZE Z A (electrical  brain  stimulation
G5 (90 ALE3e], FA AR Ao =
HAQ Ao RE g 2U} TheeA
o ore selsarl . $Ad sz
AdoA Bld APF-HEA AR H7] A
TE SR AT 2UFE vunFgorA ¥
¥7199] & E(acquisition)Z}
Qo1 T Azgte] Fol7}
St

A (maintenance) |

9EA oIHE 2

o|\

23 Wy
LEEsSE < s53vte]e] 3 23 (Sprague-
Dawely rats, 270~320g; $2|3]A} Q2] E n}
ole, A71=, H@lmS /fEA R ALY
A3, ARFA W] w7l 12217 9
2 WIEsE AFsldn, Ae2~240)3
L8t %11%}2‘;4. 3 9ol

‘E‘
& AfEA 442 & S dged,
[

NS #AE HAEEHE UYEFGodium
pentobarbital) © 2 w}Z 8k E(60mg/kg, ip.),
A A €] 7] F(stereotaxic instrument, David Kopf
Instruments, Tujunga, CA, USA)e] HZE 1%
A713, aE FEe FIE Alsta B
T1okbregma)2t  HTHlambda)7} G A1l 9l
Ates 2sitt. o8 =22
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YEleelAl Al K d=

.

o
H
0

o B 2ol A FAR EA 1~
mm AAe) FRE AT ATE B
= (bipolar stimulating electrode: 74| 125ym,
MS-303, Plastics One, USA)& *1413] Wlth.
A59 HFE 5iE FHE T3 A5 ] 73

$ = A7 9F 9Y9(.6mm  postetior to

>

bregma; 7.0mm lateral from bregma; 3.0-3.2mm
ventral from dura)©] 9], MGm A= F <]
ASE = A4 996.6mm  posterior to
bregma; 3.0mm lateral from bregma; 5.5mm

ventral from dura)©] %) THPaxinos & Watson,

1998). A& BF A AR F, FH

eCs

T2 1. Huf MRS HHlE HO IS HAIE Set =st #A

A, AY-HEEA

d2 X=2xckthalamo-amygdala pathway); B. IZ|&E-HEIA|

3z "3

(cortico-amygdala pathway). eCS: electrical conditioned stimulation; US: unconditioned
stimulus; MGm: medial division of the medial geniculate nucleus; MGv: ventral division
of the medial geniculate nucleus; Te3: secondary auditory cortex; LA:! lateral nucleus

of the amygdala.
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o FAZ 4N ool Atek A8 AWl
Eg wgAFHY e F I9Y sEe 7Y

o] 3571k ARTKaE 1 F2).

2E 9% Ade ¥
ZFAH30cm % 34em x 42cm)o| A 4=
Agglon, o w9 =28 AR vde
Fleke BEo17} Palgolsle e A4
(58cm X 58cm X 68cm) QFol] ¢x
278k 9 7199 A} A7l 8AL
A&7 A T B), WS context)ol|
o] ecsel e A TAML B
2 WG 4g B AdHE FE
A1, Z-Z(Aspen Shavings, 2] 3]A
wole, A7E, damHe vl
43 94 Bl 1‘6 =To
, vl 1e7he] =
28] E(grid floor)E
of ¥ %, 70%
AE AA A

>>L =3

iy W
¥0, 2 od o o{o
m o

=

n£ i1k r\r =
= o

9.9ms

HI| A= sz afyv e
e 2, o] ddelMe =48 A
ol dEE HW A7 Aol SeeHE A
S5 A HKwon et al, 2009). A& F Thpaired)
9] ZA$ CSE 0.1ms2] E:=F A (monopulse)S
100Hz®] F34+E AREEF] 100ms 5+
AR} S (train) O 2 A A SR 3L, o] A=
2 1900ms o] ZFAS FiL 295 FF 153] A
AT s 2 Usel A 2 ol e 7
FE Z =213 (LabView; National Instruments)©]]
olg] FAIEANIL eCS9] -2 pulse generator
(MASTER-9; AMPLI, Isracl)ol] 23 ZZtx] o]
constant current uni(CCU, ISO-Flex, A.M.P.L,
Lrae)E 7H SEA ALHAd. Use 1
o) Sgrid floonE 3] ATE ke A7) 3
A0 2, scrambled shocker(Coulbourn Instruments,
Whitehall, PA, USA)l| A RHAIA 0.7mAS] 7
T2 800msERt ANEJATHH 2 Fx). &
A F Hunpaired)©] 7§, L eCS9 USE Al
s318 % A3 A P!

[e)
28NS

0.1ms, 100Hz

L L]

&

eCS

100ms

..... |

k|

2s

800ms, 0.7mA

=

r Y

gl 2, 3%

»
L

29s

F7sloll ALRE eCSe| T4 U USetel AlZHe bl Uells AT
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Stk

s A i e

=71 flsh d8 A
< 73

otientation response)S

A eCSE AMRE A7) AT FEES AF
(Calibration)%‘]—oﬂ TKKwon et al, 2009). o] ] =}
= des 3OMA AMTE AlAteto] Hze|

=
Aet Agurs S B wrix] AxHoz 7
=S %ﬁ"/}- @61““}*5 Hole A= 7w

ol eCsell tigh 712AQ FANE FE

eCSTF 33 A|A|skT

—i—xq(Baseline)é‘]—ﬂ Relpcy
3YU 2KDay 3), FEZ

T 2 mZ
8V r1r i)

unpaired)o] & E7ro] eCS 33], US 33| =
3l5], eCSSF USY Elojwle RoAoz A
kel AL A4 60

4 993 g F A4S

71 3K Conditioning) ]|

AFTES Al Jdez ol 4¥
(MGm-paired B Te3-paired)ol] & eCS9} US
% 63] AAo] AL, A F] THTe3-
A A]

22 A3 Ad 4YKDay 4)0= eCS
e dEo2 33 AAIskE 7198 HAKTest)

£ ANag. Ae 49 H4E na Ag
Ade A5 & 4P MGm-paired: n=14; Te3-

paired: n=13)°]] t3|A 3F F(Day 25), & W
o F7t=2 7198 HAKRetes) S N/‘]ﬂoﬂ"%l
H 3 D). o o FAHE A5 olv] 52
WS Holx] ¥ethe *V‘Ol 71999 Ak
oA I B 357 T HAlA & A9
SITE e 7198 AR Al Al eCSoll Thg
TE WU deAog A g A
AR Alggell A ghgel gk FARN-o] 2hHg
AR Foll A WA eCSE AASIT BRE
AN &5 Y vt esmE &

o

=gketleon, 89 &
=

)

2]

| L
FHoR BASL $Awge
He AL A $H90] gl

e, 2AAE olgatel Zgadrt

o oy o 2

F% AN BN 9% 49 98§ 2E %
52 dAEvY JEFGodium pentobarbital)S
F53] B vl el cheomg/ke, ip.). FHF

| Daxl I | DaxZ I | Da¥3 I | Day4 " Da¥25 I

Y ’ 4 ’ i
Calibration Baseline Conditioning Test Retest
30~200.4 CS%3 (eCS+ US)%6 eCSx3 eCSx3
a8l 3. dE AE AHA
Calibration(XA}=2 4= Z3); Baseline(Z|2 SZtt8 £3); Conditioning(SZ=3}); Test(7Y

2 HAD: Retest(3F & 7|23 ZAD.
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= A&l 0.9% YEF &Y(salineS Fo sttt
7} Yol 10% =22 8-A(formaldehyde) O
2 uhpo] ElaRit. #Rh B, HE
10% Z2 ddstolto 30% A sucrose)<
A7bA e &

g2 5 40 £x

Ratdiel 2ole HYE AN 2ol 3
7R AW 2AL ssum T2 g

(coronal section) O 2 L%q@elca SM  2000R,
Leica Microsystems, Nussloch, Germany). 22
A zHe Agdon g fo Lol

bregma -5.52mm

O 4. d=9| AxIE

= (gelatin-coated  slides)©]|
(Sigma-Aldrich Korea,
Aaast. gaE 248

22 Cresyl Violet
A7 %, dgvgoez

Permount(Fisher

scientific, USA) &S Al-&3te] 7|18 &gfolt

=

=

IAA T

W ESelER O HE U

gag zqe PAANAS B A

X

bregma -5.64mm

\
|
' "/

bregma -5.64mm

bregma -5.64mm

HojF= 4 MY AT

9 =g

bregma -5.76mm

Te3-unpaired group (0|t

e 2 AN3N= 2o HxlE 2oiF1 2t a7 shete| A= bregmaZFE{e| 7H2l(posterior)
ERHCE A, Te3-paired group(OJAt MZtm|E Xj= &X|2 FEH; B.
& X FMH Foh): C. MGm-paired group(Alat LIS &4k
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saNg e A9 Wi g2 29w
(Te3-paired, MGm-paired)Z} A ) TH(Te3-
unpaired)®] F4 HHg
a7 sell 2ofEo 3l

718 FANE 5% BasclineFE 7]
HAAKTest) w742 2+ A 2pnt} Te3-paired 2+
Te3-unpaired, 18]31 MGm-paired 4] Hg 7t
o Wz MRS AAaYe 1dn
357 7199 HAKRetesno| A= Te3-paired
9} MGm-paired F H 7+e] WFE-ZQ] HFE
e AN

718 FATE FHAA FTANE T

—

2

e Jek b F e v e THER,50)
= 4285, p < 0.05). #9|Scheffe) AFFHSTS
Al8Yet A3}, Te3-unpaired®} MGm-paired 3T+
p < 0059 frefnlgt 2ozt EASA
MGm-paired {2 Al=dt 9 MGmo| &
Z3} T3 PIN(posterior intralaminar nucleus)<3
A3} JPAYIA 718 freezing levelo] =& Ao
2 ZF2"rthShi & Davis, 1999). MGm-paired

14nte] 5 sue]7 3 Al S 1~2¥ =

freezing levelS HEATH ek U AP 3

=

e o o
fl
i)
rE
(e
4
)Y
o
Shs
1%
rob
iy
=
>
O%

R

—e— Te3 Paired (n=28)
—C— Te3 Unpaired (n=11)
—¥— MGm Paired (n=14)

100 - i
| After 3 weeks
|
80 | |
|
|
8 |
— 60 |
2 |
k=
N |
8 |
Im 40 4 |
|
|
20 I
|
|
0 |
L] L] ¥ L] ¥ L] L) L) L) L] L L) L]
Bl B2 B3 C1 C2C3C4C5C6 T1 T2T3 T T2 T3
Baseline Conditioning Test Retest
03 5. SZYS £¥e S8 2 Foiy 3% I8t 2y

Freezing(SZ&EtS): =
Test(71242] ZAD; Retest(3F & 7|24

Baseline(Z7|& SZut

Conditioning(SX Z=13});
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© frovlskA] eESkThEE4,1000 = 0.230; p

At 7t F g3= {on syt

4.161; p < 0.05). ##|(Scheffe) A}F
A& gk A3}, Te3-paired®t MGm-paired
Hp < 0050 Frejnlgt ztol7} &8t
At W Al S5 s40ns FF
wAe AR, Alg S sANs
& F Zde FTSATHEG,250)

109.496; p < 0.01). FARS] e A
@3t Al Bl AoAgEIE fFovlst
SATHE(10,250) = 3.273; p < 0.01).

7199 ArkTesyoll A AR Fo o
o A 2k F a3 FovulskdehEe,s0) =
25.467; p < 0.01). #]H|Scheffe) AFFHSS Al
Pt AT} Te3-paired®} Te3-unpaired F T THp
< 0.01), MGm-paired®} Te3-unpaired FT THp
< 0.0n°ll frefulgk ztel7h EAfsTh Ak
W Al Sl sANs s BAE 2

=

o, Al el SANs FEd U

TEZ §1—(Cond1t10nmg) dix =Z44ke
o gt
0 =

N
\J\

(]

1

R
i

EN do ¥R oo oY =

[
2,
O

e fFovskA RUTHER,1000 = 2.103;
p = 0.13). TAWS ] o Jokat Al Sl
o] AL FI= Gou|slx] LITHEE,100)
= 0.849; p = 0.50). O] A BAIH wh(Te3-

A S 2 TH(Te3-paired, MGm-paired)]]

%91 A7z} v g yeRdt
2 AAKRetest)o| A ETAUS 4

F 5= foneiA] &

JCHE(1,25) = 1476, p = 0.24). = A7|A ¢l

Joll glold Ae 2t Aol

unpaired)©|

Hlg| X ¢

A %9 LD}(F(z 50) = 0.160; p = 0.853).
olgt R ABNE BF FeAE W, 3

A-AEA| 7] Z(cortico-amygdala pathway)= %2t
¥ 273 weo 9r 2 9x]o] 9lo]A
Z823 Q7o|gtm AAdHAY. =3 o] £}
o

& HE=A| 7 Z(cortico-amygdala pathway)$}
]
o
E

xZ

o L

2 B3l Azt 22 HAdo] FE 79L&
Eoted TR HAFUeh B3 ol <

FoA BIE ek o] AFHEA A=

(thalamo-amygdala pathway)& E3+ A= A

=

TEZA kol 9lo] FEZALS Al
sttt 5 A A H(Te3 palred MGm-paired) 7+

9 3F F IS Hlu
A}=(electrical brain stimulation) 2.2 =% W3}
A9 Aol ohiv} AAAE A4S 5
22 Jlolo] A4 A2 AFE B
71°*°ﬂ

LA
s 244
:'

Zs|
H 3

a FHE =
o}
w5

o]

|

K

Hle) fA15E S0

te H

[6)
p_
H =
el aJroqo}L = :4144 Az =
A 2 2 91EA A7 F shyute
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= ool dojued SEdE skl

Tk eSO US7F FAIA o

MGm-paired o] eCSol] T3] Hole FZAu

o] AARZ Te3-pairedf el Bla 71 F2
HkS- =7 (Baseline) 2 3 X371 3K Conditioning)
AZ15H 5= Eata 7198 A AKTest)

2 33 T 798 HAKRetesy)o| = THE H
-

A £2S ERRE A ol Hy

Schafe, Bauer, Rodrigues, LeDoux, 2001, Rogan &

LeDoux, 1997; Romanski et al., 1992; Boatman et

[€)
o ZAAZH< 9&S drhe= AIKBoatman et
al., 20067} A3ty wal 273l X V)
d o

o}e] A7 (extinction)ol] Azt do] dA o2}

© A% AAE v 9AkSong, Boatman, Jung
& Kim, 2010). T3t F X Z7A3 ] 93 =
HHke-2] o

)
s7He 238
(fear-potentiated startle paradigm)ol| 4
of #7124 7}SHLTP, Long-term potentiation)”}
JolE wnE BA AAe 90w 2
o] A7 FE71YE 8 E(acquisition) 3}
¥ H(expression)dh= F2 H 3Hmodified)E
S AJA}3HCK(Tsvetkov, Catlezon, Benes, Kandel,
Bolshakov, 2002). |23t SAES E3] A7}

Agsted 9ol Foe

17

i

f

A= 327198

of FEXXAE deo 76‘% AE-ATA 7
29 S A-AeA AR Aol kAo HA
e Aol flon T5d Ve ATE The
< AA HRomanski et al., 1992). FE3}F
o] /Al AL nX = Foe ulT
2 ARy dade FREE olFY BEE F

) Q]

3 FE7|Yo] AFE TS AAEHH
0 2449 s B zaNE 2ol
ATt dE B0 BV wAE 3374ﬂ«1
E A4 3 &(cerebellar cortex)d A
(cerebellar deep nucleus) E5ol] AW A 7}

o] FAHTE ZHEo] ZA)3HThompson,

fr
o
2 4o ¥

ox
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A7 gEE o, 4
%k tH(Morris, Ohman & Dolan,
EH(single-unit recording)

AVE-AEA 72

gl $27F #REY ol A
A oo Be FEAL dojd
Al A& (Quitk, Armony & LeDoux,
1997). WA-ALA B2E AF-HEA Hz9

THEE 75| oflzt & FdY FEA
g B9 Aolgte Aol Utk F, A%
Ar A7 AL Afete A2 &Y A
o Be WS Ay Z& AAsted 4
FHQ dgg e Aoz deA Ut ©]
2} A2 9dS EX(esiodA ] AS, &7
o FHol Hglel FAA 71E5e] W
Ho, H2 7gEde edd 7o IF
< WSS HAFE ATEol AUthSacco
& Sacchetti, 2010). A2+ v]de] 243 A=z

JP>

2] 3l(reorganization)7} A& Fojulgk 2=
He Aeered Brdoleh 94S A%
£ aTAEE 3703 AgEe] UE =

=

L =
A3 7|5 (flexible function)S HEEtE HHA]
o

=
o7 g TS vt SAES B

F31 A THWeinberger, 2004). 1 o] 24 7]4<]
3] J(guinea pigs)S ©]-&3F AFolMd FE =H
3} o] Fo] AT ANA ZAAFOE ALEE
AFel Fo4E FHLE FUSY £49Y
(receptive ficldye] ZHHYT ol T 5
o) sade PlAee fAHE £48
1 A tH(Weinberger, Javid & Lepan, 1993). &

%= MGm-paired F 3}
CE

(o

Tepuired HHS] FEALLo] 134
AALIAE A8 Aol7h A ekgkort 2344
Aelel AAIAE Skel Aolsh eh
7 Al%}‘& Ao ok Aef el 4 4
2 (extinction) o] g
7}sA O] %ZH??}E}(Song et al., 2010). 181}
2 S ATe) Bl 3
£5 ouaeAe o W
A edom FF B2 A7E Jao= e
F-ofo] th(Armony, Servan-Schreiber, Romanski,
Cohen, & LeDoux, 1997).

9ol Aietes Hrr, FrHHoR AAE
Ao Ao WS A 55 dHMGy)
S SR ARGl 23185 St
a8y MGy AA=9] A§ 2713} T = CRO]
Al w4 g 37 93
79 -2 MGvellM Fefdtel= Bt
MGve| & Ao gE %2

L AMe Bad g7 A 4ol 94

Wl B2 W ohle Ag 37 94
BEAEE TPHE %ﬁ% Az Az o
3 Al e
© I3-A%A 7
J-

5

m

S A5 sk AEE A9 )
5L AA B,

e

dﬁH bﬂﬂiﬂ
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Conditioned fear response induced by electrical brain

stimulation of the auditory cortex as a conditioned stimulus

Myeong Hoe Lee Fun-Hwa Hong June-Seek Choi

Department of Psychology, Korea University

Auditory fear memory is represented as long-lasting changes in the two input pathways into the lateral
nucleus of the amygdala (LA): thalamo-amygdala and thalamo-cortico-amygdala pathways. Previously in our
laboratoty, we have shown that plasticity in the thalamo-amygdala pathway is critical for fear memory
formation when electrical stimulation of the medial division of the medial geniculate nucleus of the thalamus
(MGm) was used as the conditioned stimulus (CS). This short-circuit approach with the electrical brain
stimulation as the CS (eCS) allowed us to test the efficacy of a particular pathway of interest without
involving other sensory pathways. In the current study, we tested whether synaptic plasticity in the cortical
pathway could support fear memory formation in rats by pairing the electrical stimulation of the secondary
auditory cortex (Te3) with the footshock unconditioned stimulus (US). Following six paired presentations of
the eCS and US, rats in the Te3-paired group showed significant level of freezing in the eCS-only test
session, compared to a group that received unpaired presentations of the eCS and US. In addition, we also
included MGm-paired group that received paired presentation of the MGm stimulation and US. The level of
freezing to the eCS in the test session was comparable between Te3- and MGm-paired group. To examine
the long-term maintenance of conditioned fear memory, freezing was measured 3 weeks after the acquisition
session with the eCS. Both MGm-paired and Te3-paired groups showed considerable level of freezing and
there was no significant difference between the two groups. In conclusion, both thalamic and cortical input
pathways into the amygdala effectivly support fear conditioning when brain stimulation was used as the CS,

suggesting that learning-induced changes in either the thalamo-amygdala or the cortico-amygdala synapse

might be sufficient for storing fear memory.

Key words : fear conditioning, plasticity, cortico-amygdala pathway, thalamo-amygdala pathway
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