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(freezing) ] %7}, Aluidbs gl gste] St &~
Efx 3289 FH 5 P54
a8a yWEHA whgo 2 FdYE

(fear response)s HQITHAEL, o]A7
2], 2006; A72], 2008; Carlson, 2002). ©]

=
N

i
do 10 Ho Hr md = EN oo U

& FolM, BE9] PBA B F %
S e ge 439G A759 @
she AFAQ 3P Tio] seAs

A=l gt Wge] pHAE
F28 ALE olgtth Lz 7}
AL edAs] sdan M2
A 57} 24 spinal cord) FE7HA] =28 oF s}
= ol¢} #HHE AAIRE J
Al(descending antinociceptive system; W+ E2}3%
AANE dAE. AEAH Ado g
o gfrelAe F8 T3 RdE FHFET
B 5] Wl A (periaqueductal gray matter, PAG)T}

B1|= A< (rostral ventromedial medulla,

<l ﬂﬂ(bramnem) ool xEH. o4,

of4
el
=
olo

Y
D)
fr

F

|
i
T,
olo
[o
|
ok
ot
E
Zi
o,
o
T
T,
o
o
N
fr
!

of #oldthe FEL A4 A

=
HeAs 2=
ghCh(Al W) 2], 2008; Helmstetter et al.,, 1998;
McGaraughty, Farr & Heinricher, 2004).

Azo] wAAE B 54 @ 5L F49)
e He] Gaal o3 BAY A7 ATE

59 Aoz ARA-HZI] 88 g
ot /‘J7é S AARTHAE 2], 2008). ©]
a2 gfs g7 AAE dE9 ket

AR el shiel BHAQ el W
& ANEL. 53, A5 delve] E
A

UE T3 Qe BEA e AFzE 99
4ol g omyE WA AEAA} P
8 3w ofgA ABHEIb siel A
40 4% 9elg AgalEth A% of =
ge 8o AAYIARAENA AEA B
& BUE FFANL Ye Fhpoleols

(cannabinoid)®} -2 BlolHEH o] HEA Ul

A ggete 34 482 29 Bge
2t ke ZHe] Ytk old] BEARE
A =92 Edje] FhtH|io] o] A gol
x3d o ¥2AQ ARAe] F49 48 R
9L AAFIA Bk

o] EelRele WA deAlMtel g
sl HE2g Aue Fol, DA Yo 7
AR AALA G 75e ARG Aol &
3, ggal 443 Base AwA Wl 7
Vhlcol=Ale] A A, A8
5450 AEA 4% =29 otk

94 Faol Aee HPHE
L H
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response) L ¥ 2
He Tty g7
of ZAA7I7F S7Hed. old el &
(antinociception) & =274 3 d(hypoalgesia)
&3] A3t SA el AlE 2SR e
2 Fo)WTHAIF2], 2008; Basbaum & Fields,
1978, 1984). ©|& H} Al 5 Rdo] waw
AmA2008)2] 2R F=x), PAGE| threl A

A Fgel e fu
o
o

(paw-licking response)

EELS A& RVMOZ HuH, o]o] RVME
24~ ZZH(dorsal horn of the spinal cord)?] &7}
AY hHez A4 FAdL Ak Ag
TE 553 YOR PAG & RVM A2
A7 or Ee depror SEAVIY A5
T2 FARG el Dol AAlE, T
zol| 7FeiAlE frafl A=l tiste] o5 7]
Aol 87 wgol olAHY. AEBL
Qi A% ol2 AAg) S 4, d
oA ZAAFE ANE Ax PALATo
= S w3y wkge] FAvIE S
Aer old E402 e ARl PAG E
£ RME £4E dE wde o

(Helmstetter & 1994; Helmstetter &

Tershner, 1994).

Bellgowan,

ARAE =zkel Ay FhaAel A

(forebrain)e] AHE AGst= Ho =03 o

ge gRat AFATaHoE el 7]
sAoz WEAE = Ze AdHel
3 A

= -
;}_ é, {5‘]{— PAG®] 7}siAl 4174
il

al, 1991). E3 FES gIgoz AEA e
AEE A7IAFeAY HEA Y2 ofd &
A B R4 EgEdS

e 3]y wkg

ik @

o, o)A FHa ZES PAG EE RVMS A}
A EAAY ol 49 U AxES A
of E&sAZ w= AchE thKalivas et al,

1982; McGaraughty et al, 2004; Shin, 2005;
kst

e ArEe A=A 34

Tershner & Helmstetter, 2000). £3],
F3E doly
&l (central nucleus of the amygdala, CeA) 2 Z5-E]
ol Z(ventrolateral) PAGE FAlSl Qe F
HE FolA &4 F2El4] (neurotensin) 7
do] AmA-H3Te] gfal 8o FoFTS
Attt & 59, FE CeA WO R
4 AT} Bl Hee wIHE HeS
PAGE AAZAE B Qo™ (Gray &

Magnuson, 1992; Roberts et al., 1982), TF=&lAl

54717} o] PAG 9] & Wx2 F¥3)
3 YtHYoung & Kuhar, 1981). T3t Ho|=
PAG o] o] FRELIE o]2gFHoR
(iontophoretically) Z]-8F w] o] o] Frelo]

S Eu W (Behbehani & Perr, 1984; Li et al,
2001), PAG el frREIANS A&shd FdlA
nelsls Ee it 7R A7)
Z7}8H(Behbehani & Pert, 1984; Kalivas et al,
1982). 53], gl AH&elld RS v
N fEs ]7} PAGH| 7)Aoz AH A2
Hol d5s IRINATE S Tershnerd}

Helmstetter(2000)2] T4 2 4 9t}
5, 289 dFoA FHAA wEAA F&

o
AC)
rg

oft

7] AEAE EL S PAGY]
H=A W= ofA

12 A A8t
7871 £574< [D-Ala

()
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N-MePhe’, Gly-ol’}-enkephalin (DAMGO)S F<]
gozn fuHe msy v A9
2717 el old Qdel ZASE o
f3ll ez #Ast] A=A 7L PAGH et

Al d2=o] A5g, 59 Ceadld ddstE
_‘r—r =

TEAQ 7R Feol PAGH 83 ¢
g4 Agds AT

HEA e olAA &3l 714
Az Fhel 443 Bsia, e

i
ol

e A85EL 7])# 9 =3l (basolateral
complex of the amygdala, BLA; De Olmos, Alheid
& Beltramino, 1985) W] & o}A AR A(mu
opioid synapse)7} A% A deE stria At
gtk A7EAL 715 Aol wEY, AR
A B ookE sesle WA BLAGA 7V
A YElY L dtHAtweh & Kuhar, 1977,
Mansour et al., 1987). <FEeH4, P Fe4 28

& A=A W /Fg9E FollA BLAd
o

r (

U E7F 938 Z7[A)7]1E dlo(&,

1993;
Helmstetter et al,, 1995; McGaraughty et al.,
2004). o]¢} 2L el A3= BLAWS]
8715 FEY<E(naltrexone; H|AE A QI o}
A F87] A, G- A A A (pertussis
toxin), beta-funaltrexamin (eta-FNA; 7 o} &
471 A SO A E Ao ApdstA
1} <FE]JAl~ ODN(antisense oligodexynucleotide,
ODNYE Agdle] o] 8719 4R H

= Wald Aole LA F=Thshin et
al., 2008; Shin & Helmstetter,
Helmstetter, 2005). ¥t# |, BLA W& 7}3}
(U50,488H) dEH([D-Pen?, D-Pen’}-
enkephalin, DPDPE) +87] %4 5 &
7] o]€le] o} #87] EeAE A&
de old el BIE FEEA
(Helmstetter et al., 1995).
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gamma-amino butyric acid
(GABA) = 7HAA o= Aol 7hsdl
Ak AAlz, a8 19 =AR A 2ol, ¥
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o Axatal YE GABA FA Yol F o
T&717F Xk ol
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(21984], 2008; Kalyuzhny & Wessendorf, 1998;
Pan, 1998; Reichling et al., 1988).
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243%E B3 9 tHCollins & Pare, 1999;
Nitecka & Frotsch, 1988; Pare & Smith, 1993).
el A8 st g k] FEE He
GABA®] 7]5°] BLA®} CeA Fto] Aps}Eof
Athe Zlolth #9| BLA e CeA 27
GABA 87| ZAZAQl uto]FE ¢ (bicuculine
methiodide) S A} 9] j%?;%}o% GABA FH9
AAY dEs Adgt To MAE el 3]

22T 9 tHPoore & Helmstetter, 1994). Y
g YA FIPE o Oﬂ:r“’ﬂ*i-‘?: o]
b FAakgk A3t Aot =, #9 BLA
EE CeAo] GABA $8&7] E%xﬂ‘ﬂ A
(muscimo) &AM FY
7] &A1Y DAMGOE FY3 & WAtE n
239 ¥k AAVE SAsled, TAlE
o] CeAU|Z AlAo] F9E W= DAMGooﬂ
o gutE EAZA T}

BA 2 A6 399 A5E ol 949

a7 v bx] ¢EekthShin & Helmstetter,
2000. o] A=A el A GABAS] &
e o AN dojzl Arpetw W
% 2ol Bk % F £87] HEAQ B2
< BxAoR FEAA FHFE o x=2Td
of ofsl e duke @] AL S8k

= ]
T, Aol BLA e CeAd] FAlES FY
g 7490 CeAd] F
4% AHE AAAOE AAUE BTG
(Manning, 1998).
U A] g =o)EE uigoR AEA

A AZA Hn
o A3l e 7 vm o7

Fel 3=
AmA-Hte FRA A8 B A
A9l wele dgHoz el FuE ol
& oA A FekE Tk FH, F
% =

oA e} 0] E(glutamate)
T2 8l Al (neurotensin), vasoactive intestinal peptide
(VIP) & T8 %—Erﬂ AGEARl HlopAEA

Feral 28l Befata 9l
. PAG, RVM E&= ¥

A7 A=ozn Wg e B27ta a3t
A A FtHBehbehani & Pert, 1984; Bellgowan &
Helmstetter, 1998; Fields et al, 1991; Shin, 2005).

53, A29 33 A7Ee AT 4
3 3=t ddsto] CeAl] FAMTH FEA

2) o]+ BLARZRE CeARE FAS:= GABA w9
of oA15)7] wiel CeAdlH Uil #iol
.
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H st QTH(Gray, Cassell &
VIPE Fiehd WA melsy w

Williams,1982; Roberts et al., 1982). 2] 3
el oldl &
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(Shin, 2002; Shin, 2005; Shin & Helmstetter,
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AW/ BRH HSI RIS BoAlol MPE|2

OHEAIRE FH-AH| .0 =9 24& HE[of £oi0]

Mu-R

a3 1.

HEAo gl 22 2. CeAZFE PAGE FAlks NTwHel 24

TE2 BLAM 2lsf M3

S o GABARIIT B4 VIPRI zhe] AiZEsto] olsh ZBEC). oS0l § £87I8 XI5l

S o

0| CeA FAMFHSE XY
2 &7t Aolch. Mu-R: 7 OHHFE7|.
(+

)T B AlEA (5) Al Al
719 $E FARCR PRAIEGE,
24 QS EsIE) BLA FAS FEA
2 W QoA Gl EATh BYSA B
S HolF3 QthPoore & Helmstetter, 1994;
Shin, 2002; Shin & Helmstetter, 2001). T }o}
7}, CeA W19 GABA 487]2 RAZ=Z AlA

o AT, dAE 98 #7%]7]
W) BLA 1H91 T FRIE
DAMGO)Z A58 uf fuy]= fz}%H }?ﬁ)r
o wgo] AwrE]m, BLA FUL VIPE A=
g o FdEe g EH7F CA W] vIP
F8719 FHA8 ZdS AbdA GAIsHH
A A @ thShin, 2002; Shin, 2005;
Helmstetter, 2001).

At 2 Cea e 4IA o@’% HP%EE
HZo Bzt Agter 3

Shin &

2jzi0] Zashs s &

2y Algia Fzo| 578 Zoloz of Hatel &y

VIP: vasoactive intestinal peptide. NT: neurotensin.
2MHA(2008) S22 RE] ol

Z=A WellMe] oA S} VIPY H]

o} m NS AYE aoi

el $RAAE, ViPY) §lEo] AujAe]7]
w5

MANEE B AR ST o wdd|
A (R ok Ay i°ﬂ ol oAl
;(4 O 70— Htﬂo], H}H o

A8k AF Uﬂ?’M’%ﬂ et Ae n
Bt olo] EAxh, theel w=eld, 8

CeAS] FAFHOoZ9] VIP
24 Wil & weth

3) © @l
RS ARl Ao
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ol Uil 7R eo]=E oz Aol
Aol 27AEEE B 2 Rl 2ee] &
e 1z d d=s

Fhgu] ol =9t AHE A& F84,
A2 ed 54

ool FE bl A7 vloliEd
1 Wil ZhR|me] =7} oM 7HA] = 7]
ol thote] Az #HE AlFaste A4
AR, FRAA A Fhhiiel=
T AHES oM S F EHE] A
Waed FedFE o]Fste] o7ld fAst=
2palel #8710 Agste Aem LA 9l
ThEIphick & Egartova, 2001; Katona et al., 2001;
Zhu & Lovinger, 2005). 7hpH] 0] =7} Fele]
2Ed mAle ARAL e AAE
Adl, AR, Jhyn|mol=7F Apale] 48
715 A=t dig e Aol el
of ABHE=H &H7} A thElphick
& Egartova, 2001; Hohmann et al., 1995; Katona
et al., 2001). ThRe] A1 AR oA, Y FerEst
A ARE FH w9, o= oz
Zwo oliBAT fAE A8 warh

d =4, WA, JhxolEs F4A,
7% 5 IKsedation), B FE IKreward effect), 773
Z(catalepsy), H|-27FA(hypothermia), %< #|
(motor depression), & 7+ A(hypotension), HY
] Al (immunosupression) 9} & EAHES Zte

ke ZRdN obREAe] 483 A
(Manzanares et al., 1999; Massi et al., 2001).

T ol B AEA Y, JhuH| o] =Tt
Gi/Go A7} Aglste] adenylyl cyclase®] &
e JAsle FE71E ARSI, Aol
G B2 JAst K'Y o]&d X8}
28 oto] o 7w 7les dAg
A= % THHowlett, Blume & Dalton,
2010). © Yolr}, FhH| ol =9} ol H B
ko] oo} e AN FHAag A Tt
7164 BEAe] d= TFeA e AlAkelTE
o, AAR o SA= ol

=
« T =
o dE =9, R A8 v

fe e

T DAMGO)g BAldl 5&9 Tx e
FUAE v AR Aol o8 T4 A
| BAst= o] &fa E=
T87] v ol F£8&7] ZdgAld o3
Tt E CHReche et al, 1996; Smith et al., 1998).
ol9lo] BAEI, FE Al Fol, A2 PF
(feeding behavior) 59| 12| Fofo] AFoA =
7)ol =g} ol HEA 7he VeA dat
20| ##EHVigano, Rubino & Parolaro, 2005).
o714 Fod " oMy FhH] o] =7}
obAEAI fAke 75 A5AES e}
A5 o] EHE MR YA Al 1
ek 7IAE g EAN Agethe A

olth. olEEAE YR FAAA A

[Jaf

E o] FhH| ol B AW AT Tl A
AREH, B SN Fe dE 5HA4
o7 AN F87ld st AR g

7 ) THElphick & Egartova, 2001; Hasanein et
al., 2007; Vigano, Rubino & Parolaro, 2005). ©] <}

Pol, 9t 7he] EAjskE BAYRGA A
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OHEAIRE FH-AH| .0 =9 24& HE[of £oi0]
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18
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ChPertwee, 2001; Walker & Huang, 2002).

Z3olMel 57 guel Az w9t
#Hsle], CB1 $£8€7]% PAG, RVM, HAEA|
d94 hel 44-L FPe ¥ 29
U2 B3 Herkenham et al,, 1991;
Katona et al., 2001).

s

ol

(¢3

1

oot R Jm

¢

HEA W
Fpulcol =l il e

HEA A, CBl $£87]= BLAY nUEZ
Tt AT OE FHdle I 2= ¢

= o 78719 —EF_TJ} g

BLA 2] GABA/cholecystokinin(CCK)*J
TEGEFAN BEHY, ol ﬁﬂ‘é CB1
A2 A28 GABA/CCKA
weRe AYas @4 Y FadA
A A|WE AT A Y (inhibitory postsynaptic
potential, IPSP)2] ¥HAjo] ojA|¥]= whHo| CB1
2YAR o5 8715 At 1pspe] W

Aol ZXHTthKatona et al, 2001; Zhu &
Lovinger, 2005). WelA o]& Ala| a4, A
gy Aze BlAGA EHls= Uijld 7t

UH)xo]E7} 2 GABA EE CCKE %3t
AAY AAAGED] F2AQ wEe 9

g AlAbe
F2ol| FPd v deke AT
& AxA W Bl £E712 A5e
2t o] Fadts Ho &

£ 59, Bl $87] A5AA WIN 5
E BIAZ ulA|Fdstd FHollA WA mE]
33 whge] ZAI7F ket EZEEHd
ofsf i e s xR HAEd

Pgo] g

(Connell et al., 2006; Hasanein

B oz ~Ef~
A aee S diel e
RE BLAS] CBI -67] A%

Ag Al Fofa e T4 o

2, vl A7) 24S A&H 0w AAe
o AN w3l wkge VS S5t

W e melg A 2A7E 2k
A71542] AA el CBL 4871 i}‘ﬁrlﬂ
SRI41716AS BLA U2 F¢ Wo ZRO o]
A E2gze] $42 25 THConnel o
al., 2006; Hohmann et al., 2005).

Hol 2Y FAEL A=A I3l
Zgoa olEAT} FhH|o|Ert Aet
&5 ot Slee Agksta 3ok dE Ed
A71E=A 3 Astd WS R} (context stimulus)
S FHAdAA A FAHAFE, Erte
g Fhel i 4RI M
I A, B2 S dHst] AE2 Tt
st 4T TAQ extracellular
signal-regulated kinase(ERK)2] 33l o] W =Ao]
Al Z7}8lCKButler et al., 2008; Cannich et al.,
2004). 19 El, o] el 31 ERKS] F7F &

_>.i
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HE o}y £87] AEAQl EE L (naloxone) S
FtAY TR ol F87] AR,
SR141716A T+ SR144528)9] F¢) & o]
87191 A7 AA o] A ETHButler et
al., 2008; Cannich et al., 2004).

O ok, CeAdlA WEE = GABAC <3|
FhH] o] 28] e 2Hgo] M Ho] AR
A e BEereldts AFelA BEHE
o2 EW, WIN 5521228 S Edto] o
zAow AL W He YA w3y vt
39 A7 B x2E-| o e g
AAZI7E S7vstdetl, olfl T o] = et
HHE g3 EF= GABA 87| E5AIS
TAES CeAd] AbAo] &8 v AAdE
|9k BLAZ 288 Afdde odd it 83
7V #EAEA] Z3ITHManning, Martin & Meng,
2003). A=A W FUTE =50 2o F
o] ofH T pilor study)ll M= o9k AR
A87F dojHth =, WIN 55,212-22 BLA
W= A& 8st7] Al A CeA &
BLAR FY3tH CeAR FY3
7hie meol= HH 9
x%oi ouﬂ;\ ]‘l- B
ol A F&& 4

o)

N

ﬁ

dn o
>,

o mid
rlo
o,

N
N,
N
N
B
gl
o
ml
o 1

1 E offt
il
N
jine
o
=
>
il

Helmstetter, unpublished data)
0}“14 /\]UJ/\/] §J—/\4§]. _.7]_i Y&
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Review on Amygdala Neural Circuitry of Antinociception:
On Actions of Opioids and Endocannabinoids

Maeng-Sik Shin

Faculty of General Education, Chung-Ang University

Organisms encountering a threatening environment often express various fear responses including

antinociception, or hypoalgesia. Main brian structures or regions responsible for antinociception are the

PAG, the RVM and the amygdala that primarily compose the  amygdala-brain stem circuitry. Regarding

antinociceptive mechanisms of the amygdala that is important for processing negative emotional
information, the author has previously suggested a potent neural model mainly focusing on actions by
opioid systems. On the other hand, a considerable amount of recent empirical data have shown important
contributions of endocannabinoids released in the antinociceptive system including the amygdala to
controlling pain in organisms facing environmental stressors. Hence, the present review was processed to
reflect this trend of neuropsychology and present a more comprehensive neural model. Important points of
the present discussions are as follows. First, activation of neurons in the central nucleus of the amygdala
(CeA) that project to the brain stem is the critical factor for producing antinociception from the
amygdala, and the activity of the CeA cells is determined by a neural integration between inhibitory and
excitatory inputs given from the basolateral complex of the amygdala (BLA). Second, these inhibitory and
excitatory inputs are currently suggested to be regulated by opioids and endocannabinoids that are both
released in the BLA under stress, respectively. Third, the present new neural model of amygdala

antinociceptive actions gives comprehensive accounts for a variety of characteristics shared by opioids and

endocannabinoids, such as functional similarities, synergistic actions and interactions.

Key words : antinociception, pain control, amygdala, (endo)cannabinoid, opioid, newral circuitry.
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