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BH(classical fear conditioning) I T} o
AHEE O] SITHAM T2 5, 2000. AEHR] TE
ZAZ M E A9 27 A= (conditioned
o)
(unconditioned stimulus; US) 7tol|
o o Fx2E F HEA(amygdala)7} CS9F US
7 FEEL F AT Al Bed AEs
Zkrde] dojue HAaR dEA THFendt
& Fanselow, 1999; Lavond, Kim, & Thompson,
1993; LeDoux, 1996; Maren & Fanselow, 1996).
AEA Qo= &} vuHhippocampus)= MWtz ATH
o TAFE Aoz IEA O (Fanselow,
2000; Frankland, Cestari, Filipkowski, McDonald,
& Silva, 1998; Phillips & LeDoux, 1992), & <]
= Y= AAF9 A (medial
mPFC)o| Z738}E Fx| LA} 2AE 7Y
o 54 3ge] Beldthe ARs} waH
I THCorcoran & Quirk, 2007b; Lebron, Milad, &
Quirk, 2004; Morgan, Romanski, & LeDoux,
1993).

g, A=AV FE 719 FAshe
WM F53 7 254 T
e Avhe -
urje zgshd 3
Nele ARa =
SAHeR #dd Aem AdHm 9l
(Haddon & Killcross, 2005; Milad & Quirk, 2002;
Morgan & LeDoux, 1995; Morgan et al., 1993;
Schulkin, 2003;  Phelps,

stimulus;

prefrontal  cortex:

Morgan, & LeDoux,

Delgado, Nearing, & LeDoux, 2004;
Ren, Pena de Ortiz, & Quitk, 2004).
A 12HE A8R ATIHE BE
A&l wel mpFC @Y fFHo| 2Fo] W
37t dojdttes Bl YO KBaeg et al,
2001), &3S ol&g AFdA= mPFCY
Exo] FE|) WA Aol e F
Ao 2 <A FTHMorgan & LeDoux,
1995; Morgan et al., 1993; Quirk, Russo, Barron,
& Lebron, 2000). %3}, mPFCE FXZ713} 3
71 olFel HrIHewm EIANZAE W, Csd
el shsd TE 7] BAAeR A=
3 AT

7} Atk Morgan et al., 2003).

Santini, Ge,

2, A7

Al e

WA SEE e AT &8 A7)
BdAels A9E HoFe AAH Hol,
sy Fol Loluhe mPrC Frl 9%
Wshs Fx7|e] mAzgo] Badt 54
FHEA T 9T ot AL F AUk
mPECE 898 2 F)5H 0% o 3919
o] A A(infralimbic area: IL), HHA XS
o (prelimbic area: PL), 28] HAthAaZ

(anterior cingulate cortex: ACOZ Us 4 Sith
o] % pLe dnedez WA 2 duls)
AZA = o] 91o](Conde, Maire-Lepoivre, Audinat, &
1995; Ishikawa & Nakamura, 2003; Jay,
Glowinski, & Thierry, 1989; Jay & Witter, 1991),
o] % 2N AAH A3 W PLAA
Aol tha whgo] sRigo] tehbe ol
gkold wu} QltkIshikawa & Nakamura, 2003). ©]
2 Ry dZe ARAddA Feshe
Fxastet Add 7)sd vt A=
et HEok pLe 2o vizhd 5 3l
55 AARRI HE Hud JdgAFoAE,
ke ol &ste] PLE YAHoR EE4S)
A7l e AR A71491 wARS

Crepel,

o 1 ok

J

r
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< 71etdS W, PLS CS-USe] ddtellE Wl
G4 e} FENSS dAq FHd o
kS Frhe B o] ] T} (Sierra-Mercado,
Corcoran, Lebron-Milad, & Quirk, 2006; Vidal-
Gonzalez, Vidal-Gonzalez, Rauch, & Quirk, 2000).
S o] Aol AT PLS EHT mPEC
2 &ANAY A A7 A Morgan et al.,
1993; Sierra-Mercado et al., 2006) PLO| A7 7|
oo AN A BEWG] A 3Ea)
= AEHAE Holx] Uk EauMilad &
Quirk, 20029} LA|8HA] 7] W&o PLY
P

7Ise B dHal & + e AF Y
=

o

T FA A mPFC7F £ = IA] 3o
Age]l d&Fe BA FUo
Killcross, 2006), =& AFE &3] mPFC = PL
o] &44 Agowt 2% Ft e B
o] % thMarquis, Killcross, & Haddon, 2007). %
& ALES gt 3 TR ASoa] ol
gol W& zstd F2o A L7 8
vle} mPEC/F POz Agdtie Az
B35ty thKalisch et al, 2006; Milad et al.,
2007). O AFAER SvfEFE mPFCE
Skt 9Yo] vl me FE W %
et 4ee @ Aoz AL 9
(Corcoran & Quirk, 2007b; Quirk & Beer, 2000).
olelg AIEE Fgs] ¥ m, pLE ¥
gl tigk JEE Agjete Aow 4l g
ool A WEPgHE wobA FE WS
e d AFAeR #ddte ARA
A

< dTgoeR BT Addix AH-

= a2 o—

WT FAAE W YA 4BE e
Ao oAk we] B AFHE LY
oled HAAY 4B 2R etel ¥
4% 75 43S Azsel Fo| A
o A WL ok e A A

o,
paea
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N
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oA cse} U7 A%
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L8 b 5oy
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]2} HA}E Bouron(1986)5°] EEII
T HdegEs AR oY
T8E 7k 3o] % thBouton
& Swartzentruber, 1986). ¥ AT il e
AR FEEAStet aAdEA 3 oA
(renewal) ZAAFS} FAFSRA R, wiEkS e st
A B71E wHEstelad 23)7], e

=
[¢)

S97] B WeholEH MAFTgE
=]

1=}
T
[o
>,
ofo
9‘_1L
£
of4

B}

=
Swartzentruber, 1986). & Aol 3 WA =A
< et w2359 onrt deAle
wgkojEzd Wy FrzAsls 37
o]& PLO| A7|A £Ato] HEHESG S8 of

| FF= VA AWRE AvEe Aoln
F A 54 F4 37 F9 PL £ ©f
Fol Frte Algd AU 55t #
el ofdl JFe vAErtE dotie Aol
Atk ol& Fdtel PL Eo] FENHE %Y
AA | FEFE nAeAE Lotha Astg
A Fs HESIIG

K
oEssE A7 ARE FEe A

Sprague-Dawley 52| 3FH =2 Ad A|Z} TA
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215-255g OATHELEIAE Hlo]Q, 4.
TEE TOFE QAR WAl AFSA
A ARFE TR F71:9:00~21:00). AHGA

T50%)= dARsA A

_1

A222~240)% +=

A, Holel B2 FRa FFEUh AF
A 3d B ud kRl 108 B AER
(handling) 3}¥iTh FPFEE a5 7|7F &
2" F T oA 2o wdes A
nste] mo] £ FThSHAM Ht, n=7)3}
PL &4 FAWHPL He =702 vy 3t

e 7
(30cm X 25cm X 25cm)A 3L, L HAA] gz
o WL gD U el e
1o AAE AT} o] T of=dE w
ZSH A (27cm x 25cm X 34cm)  Qtol] <k
ez gdel defEgtor whEolRl

o {1 1o

19g YolFe AL, UE P34 B
ea9 ATE ST, U sk W B
ek 8459 2e 4 49 v
SSHAl WA E = (counterbalanced) S}SAT.

A ool Feol B BES ¥
A 2K48cm x 55cm X 45cm)  Shol] ol FAT)
Z}o] wvlollE 1.5em 7HHA o2 ~H| Qg
sk 2 9o, o JE=EE §
3 Usel A7|&=vt & duigel Jkei
o ] sidele sl aEE AAEI
98] A% ABGem x4em, 8QE A5 S
9} USE Smarteye(Arizona, USA) ZZ 1O
AANEHAL B FA <ele dF S

A vy e FhEt B o] gilon, ¥

[ & do e owp v
oX, oX,

>
ut

N,

Ho dzde % E2o 959
o u) A 4A4E 0%e] o
Sl F9lth

R
to oL
u e

n

i a9 1l A3 el dig dAAHA

Ne= A,

HE su< W Ad QI 108 BjE A
< st wed Ageles Folth 108
T TE< 7ol AR ARk HolFa 14
b o FEE WE Boll ¥ 108 T 2
< Aoz AHSAH

28 FES A A ¥ 180% Fof Csd

kHz, 80 dB, 305} US(0.5 mA, 0.5 s)& &z|o]

AABE AldE 33] At Ald) 3t 3t

AL 160%-200% Ale]Z Hi 180%7} A

Stk v Aol Euba oF 180% &
=

& 7ol SR el ARS8

ANssiEh ol g9l A P
s 2gt oleld 23719 EAS % 4
4 B¢ ANAen 293 Fe £
Wgolglon FAWEE FEo| $el A4
= e 2 e 29 A 5FE A
B Qe $490] fe BEow Felad
ThHFanselow & Helmstetter, 1988). ZA|AIS ©]

golo] FRo| BANLS A&se A
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Day0 | Day1-4 | Day5 | Day6-16 | Day17 | Day18 | Day26-27 | Day28
Habituation | Training | Surgery | Recovery Rzr;:;ﬁer Test | Retraining | Retest
Training
Tone
1hr /&-%7
\} Footshock
{CS+US)x3 {CSonly) < 10
lSurgery and recovery
Test
Tone
) .
" /A ON
(CS only) x 3 (CS only) x 3

—

T 1. A EAb dedol FAHel Jieet 2t AL Alel EALE HEhs ago|ok
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o 7wl ga
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£xF(reminder  shock) S 13]
Gl

o]T A& oH 3EI| 7o <l =
O
]_

Areinstatement) &) &= FA4-S o] &3¢
At} o] W A7xze] AEe} o
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[€)
23350
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180% Z¢oF wigk 29

H, olof 33]¢]
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38 3. wet-olE wy Zmzziste] F2 sPlolM SHAM Tkt PL Tighol o2t At a2t Bojlo
CSoll theh 2ol EZuiSel BRAeH AMS(SSEM)(** p (.01, *** p (.001).

[SHAM-#(6)=4.239, p<.01; PL-#(6)=8.208, p<.001} A S =2 E}t}

I} 3Y{SHAM-(6)=4.540, p<.01; PL-#6)=6.242, Ae T 119 7H 3877k At &
<011, 232 4Y[SHAM#6)=6507, p<.0l; £ FES wlg Ao Yq AAAFE A
PL-#(6)=4.268, p<.011c]|A] W2} A} Wet Boj £xF(reminder shock)Z 13] A|A|FFGTE 244
A csel] ek FATEA FAHCR fro F, we A% WE B gk HAM S A
g zfol7b AT weEbAd T HY BRelA ok F 339 HAAREG F 7P A WA A
deto] wE Csol tigh W Ekgo]l o] Fofzl oA csell tlgte] FEo] Bl FARSS

(T T

N}
S

=
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Test (Day-18)
50 4 *
o - A
401 CcO B
S
? 30
i
10 1 ’J_‘
. -
SHAM PL

2 4. W2t-ofFA Bl JEEZISLO| ZAL A
A SHAM Zlgtnt PL Zicho| a2t Aet aket B 242t
ol A tm CSof thsi 2ol SZutse| Faxlet
A (+SEM) (" p ( .05).

Z3e9a, o2 ¥ 4o AASITh N
Ej

Sy 2An, FJdade fddeu
(¢>.05), Mt FIHA1, 12)=6.278, p<.0519} =

2)
ShxAw 7t AEAE TR, 12=4851,
o
o

off

=& W AclA e} BelA Gl digh $4
ol SAHCR el Aozt gilent
[1(6)=3309, p<.05}, PL Fe| T&L Ao|7}
AATH>.05). B 7} #MEol A Het 2 A
olf w4 Az W A PL Fdo]
SHAM ettt Fauk3-o] 27 yehd 73
= Helouvp=.092), W= BeME obFd
G5 HolA] &Ate>.1).

ARG Al csoll =ZH7] A 18027 W
g Aol e FANEE FAbete] 24
Az, A a3p>.059 Wb 7 A
2 Zop>.05= HRed, #WE ZIHA],
12)=5.848, p<.05t= BAALRE Folsaith
aey 7p Feold g Ae W2 B AR o
et EANEe] AolE v AAs] 4% 4
I 5 AT Bl Zpol7t livkp>.05)

AR Y F BE Foldl F7H49
THE AT AEdE 287 JgHAN e,
F7F S 24ARE F AT Ui AA

1

E

aF
7

=
Felo] U@ WEIPAFEY A, GEx
webalw 7 Aste ml gRlew

2 5. W-oEX ey ZmEEO| MEH ch|(a)Q MEAL AB(b)oIA SHAM Zieknt PL Elcho| izt



pAR=4
[ -

on

=~
T

¢>.05, A¢ A= JAATHp>.05. 1Y g
SUIF(1,12)=10.025, p<.011z} WSHF1, 12)=
18911, p<.o11e] that &7} AL, ©]S ¢
AAe Asins] A8 7 JekelA g5l
e wWetoxe] vheS IHE ~HBF R
H/\qg],oar/} 373 Az}, SHAM Ao AS-
AR & et Agh wWe BelA Cs o
Ak-golA FAACE Fog Aol 7}
AN TLH6)=3.003, p<.05], EX Loll= z}
oA 27 wkgete A Eidte=
053). PL el A AEd A dole &
Weto] gk FARESA Abol7t il
=4 dole SAHCE Fof7 Afol7t Slo]
[16)=3.660, p<.051 W&+ A9} wlE}t Bo|A2] CS

F‘H'

d 3
&

° &
2

g Wt #5 AL F Y wR
A Aol g Aoz ugnh AFA 6

2 37)7h FAE D 2443 F, 9 AS’Jr )
g Bol| gt AHA ] Solzkth % 33
o AHANE T 7 R WA A]sgow s
of 3l EEo] Hol EAWNSS =459
1, o]2 ad sbyol AAEHAY. wrEE=gW

s

=2
= =

@

Freezing (%9

B & & 8 8 3

FE4 Ay fAdavke giolovp>.05), o
El 12)=11.832, p<.011= EAHCE
froletaia, e 3k A g3e
SAFCRE Ayt ve AFE B
¢=.057). oldll, Z} Htol A wlto] wE CSol
el H] w3}7] e HEE 1
A3} SHAM o] &&=

A csol| thgk =4 b

zko]7F AN L HA1(6)=4.444,
TEL Ael7) § Qilﬂr(p> 05).
ZES SHAM e
e Hgy ]
Kol 3ot}

A LS S wHOﬂC cs| igﬂﬂ
18027t e zpA| 9
AeU(TH  6a), H—H@%EJ%{F(L 12)=19.235,

Folsta o, Haas
CRp e e

FIHEQ,

ofr

al,

A 3l

@ Weg A%

kY

ilﬂ

2.0
9

p<011E EAHoR
Q>. 05)9Jr Wk w 7¢

T L

9Jr ek B zbA| 9 fHL % %-% Zt Fho|
A AAE] A% A T Y ZFoA 2
70 faiad . context
i = context+CS
.
%0 1
mA
mA
201
10 1

(=]

I

SHAM
O3 6. Wek-olZx vy BEatol KA Yol SHAM Tzt PL Reto] B2t Aet ozt
B Rploll Cil Hol SZukS(a) o2t AcIA CSoll Chet SZukSTt diziof ciet S2uS u|g
(b)o] BRI2t SALI(ESEM)(* p ( .05, ** p (.01,

- 351 -



o7} A THSHAM-(6)=3.178, p<.05; PL-H6)=
3.140, p<.05}. o]= "=t A9} W2t B AAE
TFEsI= Hode F Jd ZEA &40 gl

w5 oudth AEFDAA SHAM el

wee] me} cso U@ 43R W whee
B9l Aol ©d el Ha WEsge

g % o tireld 9g AdA G5 A
A ue A AAE dE SRS T

hat AAAA BAQ 339 3ol gk 52
RS EA+CS] 720 HlE&S Hluwe] WSt
thad 6b). vrESyugds 43, 438
THFQ, 12)=4971, p<.051¢} F7HxF&E 7+ A
328 FIHFR(, 12)=6.207, p<.0517} EAA L
2 fFoaia, Jeide slidte>.05). &
Aol thate] 2pAe] EAgE 23, SHAM 3
e ek A 2] digh AR o]of A
AlE Csoll gt Wkl BAACR folg
ZFo| 7t A L HK6)=3.851, p<.011, PL <]
A5 olglg Aozt glltkp >.05). &g
ZF 37 E A b AolE BAg) B A
[HEFA+CS] FZel|A] PL Ftho] SHAM F ek
| Hlgte] FAWgo] FUiet A
(p=207). o|&g AAREE SHAM Feho] =gk
BOﬂ/‘ii‘ﬂr A2t AOM o =& =

9,

= A&sigth & A7 A WA BA2 o
gholE Wl dGoA] F-S|7] o] %o PL
S £ AF Wdds £ #gE 27
xS AvEE Aotk PL &4 F g
S8 wdr|do] g AAL A3}, SHAM He
o] Fgo] F WA cso it e o
27 2ol Az e, L v 552 g
Fob Wy whe-g Wolt o AWt o
A3 Ayte B 2% ggolA A
TE TEE AN SlsiA = PLo] g
312 HaZu) AA} AFE A8 AEsSH
b

=
g 4@ E F o], PLEES HAMA
of

A %@ Ao teieh ot pL Yske]
o AdA B3] Csol Tt FAME] SHAM
Qe wenn g FFIE ver R
HE ¢ 4 itk oleld Aske pL & 4]
Hoz &ysAY, GEz BB AT
g A14e A5 4% BEsGd g
salo] el Witk A2 A7 Aa9
Ux|5t=  AoltHCorcoran &  Quirk, 2007a;

Sierra-Mercado et al., 2006; Vidal-Gonzalez et al.,
2006). 121} PLO| Er—*rfﬂ SIS T
el Aol ek 49 945e) 9

dE 501, g% A PLE
& A7Foz &8t s ARl OiRE
o] dgde FERSO] HashA] &gkt
(Morgan & LeDoux, 1995; Morgan et al, 1993;
Quirk et al, 2000). E3h TS A7l & e
YAE A7Aer E3MAE W csol AF
FERGo] YA FSL B ATE B
28 8} It} Morgan et al, 2003). ¥ A4
olA @I 2 AFA gy ©]F mPFCE
E3AZ & wge] g3 wiAlstn &5t
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FANSe £994 @n Jehgrheln
Cweb) Bed 2EAZ O 3
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94417

AAAH, &

LoJW JU R 1R b
-

sHAl A7) |l PLe] 341 A< ds T
Pahe Ao Aty 4 uh

W Adsie 2o, we Bold PL £
Avel A% sHAM el whgme Aolsh
9eithe>05). #et Be AL 1A BT
245 By F 279 ge Agolgu @
F guh BE 2A% AP 1AL G4
g BL /192 A%E Hemsuoo] ohieh

Al Ago] AdHE AMZE Sgolde
A3 7} i F-Eo]thBaum, 1988; Bouton & King,
1983; Pavlov, 1927; Rescorla & Heth, 1975). ©]
23t A2 A Lo mPFC 99 Z IL o]
Toldtte Hugo] o 53], L2 27"
7192 33she dl o] #ofste Ao &
214 dtiMilad & Quirk, 2002; Quitk et al.,
2000; & LeDoux, 2006;
Vidal-Gonzalez et al., 2006). ¥ AFe] ZAute}
A A5 A3E F9E o,
51— ﬁ;(—ﬂ)ﬁ‘ 31—_%_-% SAIA 0 2
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Effects of Electrolytic Lesion of the Prelimbic Area on

Context-dependent Fear Discrimination in Rats

Eun Joo Kim  Jeong Tae Kwon  Nam Soo Kim  Hyun Taek Kim  June-Seek Choi

Department of psychology, Korea university

Recent studies suggest that the medial prefrontal cortex (mPFC) is necessary for the contextual modulation
of fear memory. This study investigated whether the prelimbic (PL) subregion of mPFC has influence on
the regulation of fear response to the ambiguous CS using contextual information. To verify the
hypothetical role of PL, we adopted a context-dependent discriminatory fear conditioning where context
dictates CS-US contingency. Rats received 3 pairings of the CS (30-sec, 4-kHz, 75-dB tone) and the US
(0.5-sec, 0.5-mA footshock) in context A followed after 1 hour by 10 CS-only trials in context B for 4
days. In the last training session, all rats showed significantly more freezing in context A than in context
B. Twenty-four hours after the last training session, PL was lesioned in half of the rats. After eleven days
of recovery, we tested the effects of electrolytic lesion of PL on context-dependent discriminatory fear
conditioning. PL-lesioned animals showed similar responding to the CS in context A and B, whereas
sham-lesioned rats show significantly different responding. This result indicates that the lesion of PL
disturbed discriminatory responses to the ambiguous CS when contextual information should be used to
resolve the ambiguity of the CS. When all animals were subjected to subsequent training sessions
(retraining sessions) for two additional days, PL-lesioned rats acquired context-dependent discriminatory fear
memory during the retraining sessions. However, when the rats were tested on the next day, PL-lesioned
animals did not show the differential responding to the CS in contextual A and B. This result indicates
that PL is necessary for retrieving the learned discriminatory fear memory in the appropriate context.

Taken together, these findings suggest that PL might be involved in fear expression under the conditions

where the fear responses must be regulated by contexts.

Key words : medial prefromtal cortex(mPFC), prelimbic area(PL), context, fear discrimination, freezing
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