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g o FE EAdTh 52 AL AR =
HAAG A7 24, AAo] & &, A% =
2 whs wkE 2 Al ol 1Aovh 19
v oolEA Ao w AlAel flelE 7elAl
e gAY By FENEE g5s &9
dojdtt. WIAE, A%, A71=2=, A4 494
gy Fo] 1 ooty MAEe] HSl Hele
wex Agedsl Ut A9e BN
A4 2 old ololEe WS A
Geth FE tael B el A5
Jo]dthiz Aol thFanselow, 1990). AL W
Hlol & i digivizh 2ol & ofelr}
HE FAss e o el 2ol de
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gk oolggt Al&atn Amdt el o|HelE
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(post traumatic stress disorder: PISD) 5 B

NAFEY AR TEIAT} Aelen
UHCannistraro & Rauch, 2003; Layton & Krikorian,

2002 B4, EH5F 29 S 5o AAF

& Kim, 1993; Fanselow & Poulos, 2005; LeDoux,
2000; Maren, 2003). ©|#3 AWEL <o
Aol el BEAwS M NAE W
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(Labar, Cook, Torpey & Welsh-Bohmer, 2004;
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HERE F¥ e FX A7 7}
A<
SR
kA Y FA A F7A A (conditional
stmulus: €S2 EFH AV nEAEE &S
(unconditional stimulus: US)
T ARFeEN £ ATV ARE fED
UhLeDoux, 1995). 22l AFEH A& W eE
$elo] &% AR = Uk £ B

A mEveE HEeA Ry e A
;} o

of Belr ofE ZHUS) # AjEo] U
EF4 T AL T2 AT Hotw Aot

AA ARAelA de] 2ole FE 213
AYolde s dider sr|uve 44

Fear Conditioning

Tone
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T ANE b B B 05~1x T}
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BN

E2AHE U AAE B 5B R
491 2 ¥4F-3-(unconditional response: UR)-Z
¥

9w ol e ¢ Fe A o4 o
o)

e ARt Kol Fxmkg-E Wtk 21
S{(conditional response: CR)°] HAH Aot}

@ 2o s W ohg)

) 5 =3 (¥ 1, Context
test). WA Z2718lE FE Whgo] FE] F
Zotgs A9 ANAQ w7l opd sl
figledgt 5802 Hol= whgolil= A
a7l slatd FF E 2L WA
AA K™ 1, Tone test). o[ 31319
TENREE T BoR SHE 5 gle
vl A Al TR EFREE S it

Context test




BRSSP =

o] TKChoi & Brown, 2003). T Edr-distress
call) = 73 31 49H-alarm call)o]ﬂ- 4R o]
W& 22K o FITE 1X JH A4H
4e iEreln wEdew el
2 Holy HkH eRAY|(bat detector)$} 7
71715 ol&dte] SH o] Jhssltt. ol
W 9E-2(defecation)©]  $JTHBrunzell, Coy, Agyres,
& Meyer, 2002). X7 UE A4, dF o] %
AR AHEEE SPA Y. dE A87h dod AarelA Hlefd 4= 3le 713
o] T EH =uF-3<(Galvanic skin response)ol] A= 7} FolA Afode =¥ (escape) 22 3]y
A BA dkeo g wE Eg)A HY R (avoidance) WF-2-0] Lo dTHAmorapanth, LeDoux,
9] Aglo] A= LY o] LFl HAF & Nader, 2000; Savonenko, Werka, Nikolaev,
e %—70 ‘JE}(Phelps et al., 2004). E= NE  Zielinski, & Kaczmarek, 2003). B T2 £8.9]

A b UEAS PR WARNEE 2] 242 wO
a]é zaRe BHE 5 4 vk §  (Choi, Lindquist, & Brown, 2001). TIEX o2 7
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(McEchron, Cheng, & Gilmartin, 2004). o] ¥k
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Adh 2788 E 4 UvhKapp, Frysinger,
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Al Zul o] Ao BB (Hitchcock & Davis, 1986). 73 ¢hik-8-2 100 dB
o, gestE, APl | giakE W o]4de] 2 4l dlalx FEe] &9 %
sAZlo A g Aol disf AAE & & FFhe A e E¥she Rk
A1 71 tHMorrow, Elsworth, & Roth, 1996). A|*H old] o]gdt WAPIFSo] YEe HA45F E
Az e Peitesc] dojdrt. 1 Tl 8] T2 Qg 2HE = A& ol & S
£ 8 P M F Sode gEiene] Mot T uE weon zEAZC o
et olEd FEWSEL Bhol A% 4F B2 PRHE QAo Lelhd] oF
of wel A oR Jehbsd dutror A3H EF71d(conditional hypoalgesiayEhal &t
ARAG AHEEE 48 = APl Elgl  Chcmsterer, 1992)
= 273 4AS B ARINE BARE  E ge ZPgen JPHe 2go] opd
(freezing)o] &3] #EAEY. FANS2 59 flelld AF3 Fxaes} UdHsly] ofH
Ak BAAAM AFgAoem vdehde] Sgol  odAQ] W& ol&dld AR FX
209 $AACHIY B3 BEDE AAT  FEL ARE + Ak 3 RS 2% 9
A4Hd FEdHE Foldti®lanchad & @ WA Fsle WH =

Blanchard, 1969). ©] We-e ARAL AFel  Po] wlel: BFEL woliH o|F ol&d
Wal dFFom vehtu Adem @3 Rovh ofed 2shE Wi conditoned
9 Aol golatnE FE F13} AN suppression) A2t 3 o2 FAIE T2
Vi gel o a8, el <Azt siek o BAdAE WA E

2 ukgow 28w TA(ultrasonic vocalization) < Yuyzr)e e &FH0 EFFAF
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GE SR FE 2
34 ]’o & ok FARE A 2
2o 3] wiEE Aoz HOUDoron &
Ledoux, 1999; Hitchcock & Davis, 1986).

AR Bl AGATL 953 (cochlear
nudews)& AAA Al Hzh NI WS
&M (medial geniculate nuclens: MGm) B T
2 Hl M (posterior intralaminar nucleus: PIN).C.
B AgdEn. o7lM Az JRE F 7 A
25 59 A2 AgHd@eDoux, Sakaguchi,
& Reis, 1984). 3l b= A 719 A (auditory cortex)
2 AAA HEA| 9] o= (lateral nucleus: LA)
072 EBEARE 7 E2o|il(Romanski & LeDoux,
992), T2 Shbz AN AH FARhE
7 20| tTurner & Herkenham, 1991). ©|ZA]
M LAR ol Az AL HEAR a‘ﬂ
< FoAQ AR A=, 5 Us o #S
dedd. ¢ us7h A=A 5o
M= ke s oA Ee] EAen
Hol FEHE A2E FosE

2 HOlt}Brunzell & Kim, 2001;
Shi & Davis, 1999). @18 A7-50] dA =
AMNE BTz vl LAY €S 9 US HH
2 EA W= FHEo] EA)3ttE Aot}
(Romanski, Bordi, & LeDoux, 1993;
Quirk, Repa, & LeDoux, 1995). o]+ LA7} &
£R9l Ao AT B2AE AN
dek €S 9 Us 7] dAgto] dojud 1A
HEL 7} AAE o] 243} o] A H)e]
F7He W& HY Aot} o

M(Central nucleus: CE)O.E AY
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It Bhubs LACA CBR AR FARE 7
E(Krettk & Price, 1978)% %3 FEREZ0
F/hEths T thleDoux, 1992). E}—E‘ a3t
= AAR 1AM THHor Ao E
ARehE BEE dERITE S LACA Y F
A s A 9F o H(lateral division
of CB: Cel)2 AA| 2= H7te] F3NHg 9
o7 AH FARFA] &Oo(Pitkanen, Stefanacdi,
Farb, Go, LeDoux & Amaral, 1995), ¥ 7to & #
A BAGE FAY 99e WED el
division of CE: CeM)Q1H] ©}7]9] FHELE 3t

A E 1t (intercalated cell mass: ITQO.2FE ¢
& Wheths ARl 178 g0l thCollins
Pare, 1999). F-A| A O 2 LAY} CeM AlolE

AghE ITC We] s BF dAAolehe

L o

-

EAo] 9lt} wEhr o] o] mMEW LAE
el Sl F 9Ae dAA dEHFmHES
AR ceMe FHEL &elA| Sdisinhibition)

15
AldezA Cr &
Royer, Smith, & Lang, 2003)1¢H 3).
3 (EE &3 =75 Lo
B2 E(fear reactions)TH= E#] LAOA 7]A
(basal nucleus: B)C. 82 BAGlE ARE =4
ZArS- Jq_ e };EZ—"lo] 2=0 5410 Hk-2-
(fear actions)el] Teddl}i= S E0] YrNader,
Majidishad, Amorapanth, & LeDoux, 2001). &4
T CEZh 4 AFolE R HHEE0] A
H T} (Koo, Han, & Kim, 2004) Hi% I+
AOR Wol, 28 Z&E tigh dF 94l ¢
F2 A dlo[E7l doE Aoz H]
F3t % A7olA B HEzE QI
2l =%t} Urbach-Wiethe disease 2}
= 39 Adel] Ad A A=AV 294
= T Azl ol H sl
A 7ol AdEn ol#d EAEE dde
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& T 9 Fx
o #H" d=2 3% 59 A (Adolphs,
Tranel, Damasio, & Damasio, 1994) =2 Z¥ %
28 I3 ddaM HEAZE 24stE =
Aol oy 2 Bad ul S’J\E}(Knight, Cheng,
Smith, Stein, & Helmstetter, 2004). ©[&]8F A#}
T2 MM Wilke] Fx2U3E dde

T HI &7} 3 HelM FEHOE EA

/ auditory thalamus «— <

NI

auditory cortex

*
CS (tone)

()
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HBo} B gerhe a5 8 Lo, Furb
& Romanski, 1991), A7] A&t (Romanski et
al, 1993) FAEC] vk E& po] ot
B 2ok FA npEHAY muscmol@F 7o) <A
3

AARRELE TN FBE FY3

AT =38t el wH
(Muller, Corodimas, Fridel, & LeDoux, 1997), ¥k
=2 gl dohd ol E&g3ststAY
Be AAR 2t FETEo] ARG
(Fanselow & LeDoux, 1999).
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¥ e L HEAl o] csgh Use]
AL AAEE Aol oh]a HEA upg o

Hel M7t ddH e xad 79e 2=

gt 7o) tHMcGaugh, 2004). o] FAko]
mEY 213 dd HEAE ST A
= AMA 7 s R 205tE 3 X
-2 Weld Aot dAIRE 238 T
& &%

3] 9 (passive avoidance) HA}S o|-&3] o]
Atk #54 Asle BEol 9u nEs
o 1%_0, Aamo TrlshA] oo
g Gttt AAE SF
& AYEN HeA £
A g AT ofFoAEA 2
58 5 3 Fol| &2do] o] FolAl=A
g2} 27 JeEPFTHMcGaugh, Introini-Collison,
Nagahara, Cahill, Brioni, & Casteﬂano, 1990).
=9ee Sl wap
249 T geA dehie e
& Aapoln] B 223k Ak o AA
ok &= o|FE AE3 ]'E]-(\Wdensky Schafe, &
LeDoux, 2000). 3t 7}A] =
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o] Z7}8FHCruikshank, Edeline, & Weinberger,
1992; Gabriel, Salewick, & Miller, 1975)%= A7-4
e 1A7h Csob usTre] eidte] dofibe £
A3t st opd bsde AR —*;ia
MGm/PIN ©] LA Hr} At ZEAste F
Fo|nE LAA Holx JliAle] MGm/PIN
7hard el olapAE]l A 7hEAg AlAFe
3ARE R MGm/PIN 7ha/do] HIEA
o)&E:3vt e At EA 8 Maren, Yap, &
Goosens, 2001). W= T}2 A& CEo|th CEZ}

ke WeAET 41A9 FAL 1
ez A1 B 4549 2 %ii 2
AR gort e 1 5ok Usug A

Hom wq gurhs 817 0) /\}/Q T CE
o B /‘éﬂ(macnvanon)ﬂ Z7A3}ol| gEe 1)
A71E ke A3 S 1A% BRI e
d= A7t Al BHEE wal)t ol A
= AT E71E o]&d 23 AT
(Kapp, Frysinger, Gallagher, & Haselton, 1979)¢]]
A% o] 49 saxe] Aaz A=

Sitt.

N

o7t obe, 47
TaER ATEE U A
gol o %’ vtk ol#g Wd 213t
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ol £uul ste] 2 s Bt
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B ¥ 7E%, dE 50 dvht gl 8y
Bth= A5 o] 9 tHQuinn, Oommen, Morrison,
& Fanselow, 2002). WEpH FEZ7AB] ol
s ¥ FrEES ARANY BPIA @
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S0 gk
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AZ 7ERAel Fadt Vsolzhe Felt
of ekt F&o] ARAAM AAR Lot
= RIANA AAEel ke ARo] +41a
Ago]l & o] FHEHUY = & FAI
AEAE B3 gl dFe] 1 el 243
(FFHe @E=3}: depolarization) 2} AlZFA 0 =2

TPA AAEE ek e 5 Ag
Aol 7}3}HTBliss & Lomo, 1973; Malenka &
Nicoll, 1999). 71732 -8(long term potentiation:
LTpolgba W e o A2 Ay @i
of et o]24 FEo] A4g A o7

F_B,

g
no®
feork
>,
"

o
oy (B
o
X
e,
=
[
Ko
o,
s
>1g,

IN AUre o0 2 orfr B X2 ol

Zolu el Uy 2w
preparation, Q—: HlgE FHENNE dojut
£ PUAY AAAY SHew weiod

o] B2 %E‘%O] LTP} fdate] s
ST Blair, Schafe, Bauer, Rodrigues, & LeDoux,
2001). #%2 LTP7} A9 dlvp W opz}
wje] Aol wE Qelold LPh EAlahe
Aol HuHglon HEA IR 59
LA A 2] LTP 9A] ofe] Ho] ZAA FHHIY
E]-(Chapman, Kairiss, Keenan, & Brown, 1990;

Rogan, Staubli, & LeDoux, 1997). LTP+= 53] I}
Bes 205 Ggs dasd] o 47y
Q&g 1 o8 39 Usyt AEtE = x3)
AR ok A4 24 Aol Al AN

t s . ] ol
cs9] A A= LIP7b o= relo] diet o
o Aol HEE & gla use] A= AlY

2 F e giaE dodle e A=
< JtHMaren, 2005). wHERA Al
TAY &2 o+ JVH 7L &
E 27}><H ‘Q%‘%i

=

4y ¢
;o

dolub= AT fARE Al Wyl defd
vl $3o] 7ps3h.

A=A LIPE dofuAl sk WAYSE
A Bl we A7 AU ok
8] ofd FFHe| WMt Aol £E
2 ol BeME olacl BT FE
)AL NMDA $87]7} LIPS Yo7)=
Wl JJAlER= H] 3038 98-S 31 (Lee,
Choi, Brown, & Kim, 2001), FAle] t}E w|A

Moo Hl

YZ, d& & voltage gated calcium channel
= #o3tE FF o]t (Rodrigues, Schafe, &
LeDoux, 2004; Weisskopf, Bauer, & LeDoux,
199). o F 7B MiAYUELS g dFE 6t
Sz % Apaglel 9A9 “aBy A
Asan] olzA A4 A F Azl
oolld F713E fA1E7] s
98 gl 9@ 72 Wl Lol
= Bz 4
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IERE 2R XAl Hal2E SAoe

2, e
=
N
o

I
=
K
g5
rlo
ok
o
k)
o,
%o
£

W2 & FAQ PKASF mitogen &g w Schafe, Bauer, Rodrigues & LeDoux, 2001).
FHEAQ MAPK:= A7]7]9 A7 @3

@] 478 Taoldh. G FYSE LA QAAA = A A1

¥ PKAE (PKC, CaMKII®} 7)) MAPKE & ZA38 zx9] AA
J3IAI7] 3L o] CREBSF 752 gene transcription

factors® AbF3te] AMEUe] RNAE FHA3) AA(extdnction)s= 7]91E AHHo] "o}

A

e
A ste] wild FAJO= oo A Hu, A o] ohd Whge]l AR Ho]H T(Pavioy,
T $74E 7 (dendritic spine)e] FERAQ] WIE 1927). o3 AAE shgREIV 1A
Bl A7 AlE Aol Bagh AlEA A FEdth FxzAdsld o dig
ol HslEE o] Zollti(Lamprecht & LeDoux,  HolE dde] w22 fV|A= i B
2004; Rodrigues, Schafe & LeDoux, 2004). Wb AL 3B o8t} 7 A= =0
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Making of Fear:

A Systematic Dissection of Pavlovian Fear Conditioning

Dong-Oh Seo Yeon-Kyung Lee June-Seek Choi

Department of psychology, Korea University

Fear is a primary emotion. It serves the essential function that allows organisms to detect
danger signals and react accordingly in the environment. Through evolution, most species in
the animal kingdom including humans have developed an efficient learning system to predict
potentially threatening stimuli or situation. A simple associative form of learning, called
Pavlovian or classical conditioning has been the most popular paradigm to describe the
process by which neutral stimulus gains a biological significance. Because Pavlovian fear
conditioning is simple and fast, numerous research papers have employed this procedure to
elucidate the brain mechanisms of fear learning. Here we review the history of modern fear
conditioning studies and the latest development in understanding anatomical, physiological
and molecular mechanisms of fear memory formation. In addition, we summarize findings on
fear extinction, an experimental process by which learned fear response is suppressed. We
hope to wvalidate an argument that fear conditioning is a useful tool in answering the

fundamental question in neuroscience, the molecular basis of learning and memory.

Keywords : fear conditioning, dassical conditioning, pavlov, amygdala
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