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Amygdala Depotentiation and Fear Extinction
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Auditory fear memory is thought to be maintained by fear conditioning-induced
potentiation of synaptic efficacy. The conditioning—induced potentiation has been shown
to be maintained, at least in part, by enhanced expression of surface AMPA receptor
(AMPAR) at excitatory synapses in the lateral amygdala (LA). Depotentiation, reversal of
conditioning-induced potentiation, has been proposed as a cellular mechanism for fear
extinction. However, a direct link between depotentiation and extinction has not yet been
tested. To address this, we applied both ex vivo and in vivo approaches to rats in which
fear memory had been consolidated. We found a novel form of ex vivo depotentiation; the
depotentiation reversed conditioning-induced potentiation at thalamic input synapses onto
the LA (T-LA synapses) ex vivo, and it could be induced only when both NMDA and
metabotropic glutamate receptors were co—activated. Extinction returned the enhanced
T-LA synaptic efficacy observed in conditioned rats to baseline and occluded the
depotentiation. Consistently, extinction reversed conditioning-induced enhancement of
surface expression of AMPAR subunits in LA synaptosomal preparations. A GluR2-
derived peptide that blocks regulated AMPAR endocytosis inhibited depotentiation, and
microinjection of a cell-permeable form of the peptide into the LA attenuated extinction.
Our results are consistent with the use of depotentiation to weaken potentiated synaptic
inputs onto the LA during extinction, and they provide strong evidence that AMPAR
removal at excitatory synapses in the LA underlies extinction. The results described here
are in line with previous findings. Neural activity in the LA has been shown to decrease
after extinction in the rat and human. The NMDAR dependency of the depotentiation fits
nicely with a large body of evidence that fear extinction depends upon amygdala
NMDARSs. Similarly, blockade of metabotropic glutamate recepotrs in the LA has recently

been shown to attenuate fear extinction.
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Amygdala Depotentiation and Fear Extinction
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Cellular Mechanism for Fear Conditioning:
Potentiation at Thalamus-Amygdala Synapses
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Proposed Molecular Mechanisms for Acquisition and Consolidation of Fear Memory
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Fear Extinction: Cellular Mechanism?
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A Extinction ia not the same as forgetting
a Test

Measure of CR

Trisls Ext NoEd

B spontanvous recovery

x Test
g i i
E :
3 ; '
k3 12 1
2 : | ﬂ
Frizls Immed 2hrs  24hrs
C Renswal
Acquisition Extinction
6 {Context A) (Context 8) Retention Yest
5 y :
1 ¢
2 : ‘
$ : :
= Triafs Context  Contet
A ]
D Reinstatement
Roguisiti E Test

foee
=2

Measurs of CR

Reagieay, ok A0 R0, Ro, Tt Copyingit TR by DoB P

Human Amygdala Activation
during Conditioned Fear Acquisition
and Extinction: a Mixed-Trial fVIRI Study

Rovin $. CaBlar," ). Cluistopher Galenby,? to insestgute amytpdila hu
John C, Giore,? Josaph £. LoBorx) have produersd incentiuen
and Efixabeth A Phelps*y Wisersa he

Grromp Aot

_39_




Naive

. .
: !
: !
: :

;
i ;
i ;

Lateral %
Amygdala

Prefrontal
Cortex

Conditioning

My

£

Extinction

Renewal

E S
H

§
&

¢ 1 2
Froner fud

a Expression of extinction

b Modulation of extinction

v Fear

Nature Reviews | Neuroscience

_40_




Extinction results in reversal of conditioning—induced potentiation
Use of Consolidated memory traces
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Group | Metabotropic Glutamate Receptor Agonist, DHPG, Produces
Ex Vivo Depotentiation at Thalamo-Amygdala Synapses
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Removal of AMPA receptors with Extinction?
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Peptides injected into LA in vivo
(TAAT seqgeunce)
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Blockade of Amygdala NMDAR Impairs Fear Extinction
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Activation of Amygdala NMDAR facilitates Fear Extinction

8' D ereanzisiontesy
g‘w W Fostextinetion tast
P %

Tm
8w

5
£
fa
E E

faimDeS [y 0CE
2asSwg amy  IAmy
Yreatment Outleg Extinctive Traming

Michae! Davis, Kerry Ressler, Barbara ©. Rothbaum, and Rick Richardson|

70 4 HIOL PSYCHIAIRY 2036:00: 369575
4 3 RE I &}
Virtual Floor

_45_



