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Abstract

This study was undertaken to test whether de novo protein synthesis in the basolateral (BLA) and
central (CeA) nucleus of amygdala was required for reconsolidation of emotion-related memories.  Mice
were trained to sequentially acquire both cocaine-induced conditioned place preference (CPP) and step-
through passive avoidance (PA) memories.  Immediately following PA retrieval, intra-BLA anisomycin
infusion was found to decrease subsequent PA performance in retests.  Immediately following PA
retrieval, intra-CeA anisomycin infusion did not acutely affect PA performance but decreased such a PA
memory 5 days later.  Given PA retrieval procedure was omitted, intra-BLA and intra-CeA anisomycin
infusion did not affect PA memory.  Likewise, intra-BLA anisomycin infusion immediately following
cocaine-induced CPP retrieval was found to decrease cocaine-induced CPP magnitude in early and late
retests.  Immediately after cocaine-induced CPP retrieval, intra-CeA anisomycin infusion did not
acutely affect cocaine-induced CPP but decreased this memory 5 days later.  Given the cocaine-induced
CPP retrieval procedure was omitted, intra-BLA and intra-CeA anisomycin infusion did not affect
cocaine-induced CPP in subsequent retests.  These results, taken together, imply that de novo protein
synthesis in amygdala plays an important role in modulating reconsolidation of emotion-related
memory.  More importantly, de novo protein synthesis in the BLA is essential for early phase recon-
solidation of retrieved emotion-related memories.  Protein synthesis in the CeA is required for late phase
reconsolidation of retrieved emotion-related memories.
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Introduction

It has been proposed that a consolidated and
stabilized memory, when reactivated through retrieval
(recall), can return to a labile state (2, 29, 32).  Re-
trieved memories appear to undergo a spontaneous
reconsolidation process in order to be maintained in
their original form or, alternatively, they may be
modified by introducing contemporary experience to

form a new memory (1, 9, 10, 35).  Reconsolidation
has been proposed to be used as a tool in understanding
the pathology of memory-related mood disorders (7).
Disruption of spontaneous memory reconsolidation
may have clinical implications, especially for devel-
oping new treatment strategies of pathological
memory-caused diseases.  For example, post-traumatic
stress disorder (PTSD) and drug dependence are
characterized by exceptionally long-lasting and
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maladaptive memory (4, 36).  In fact, traumatic event-
related memory has been known to play an important
role in the maintenance of PTSD (4).  Moreover,
drug-conditioned cue/context memory has been
identified as a major factor in priming drug-seeking
behavior and precipitating drug relapse during
abstinence (36).

In this study, cocaine-induced conditioned place
preference (CPP) was used to mimic cocaine-
conditioned cue/context memory, while a step-through
passive avoidance (PA) response was employed to
establish a fear memory in a mouse model of PTSD.
Both the basolateral nucleus of the amygdala (BLA)
and the primary output origin of amygdala, the central
nucleus (CeA), are known to be involved in positive
emotion- and aversive emotion-supported memories
(5, 34).  Down regulation of NR2B subunit of the
NMDA receptor in the BLA inhibits the induction of
reconsolidation of fear memories (37).  Blockade of
protein synthesis in the BLA and CeA blocks the
reconsolidation of contextual fear memory (25).  De
novo protein synthesis in the CeA is reported to be
critical in the reconsolidation of a reactivated taste
aversion memory (15).  Actin filament arrest in BLA
is found to impair the reconsolidation of a fear memory
(31).  With regard to positive emotion-supported
memories, suppression of a transcription factor in the
BLA before re-exposure to a cue predictive of cocaine
availability abolishes subsequent cue-induced
reinstatement of a cocaine-seeking response (22).
Previously, we reported that activation of a PKC
signaling pathway and protein synthesis in the BLA
are necessary for the retrieval of cocaine-induced
CPP (21).  In fact, growing evidence reveals that de
novo protein synthesis in specific nuclei is responsible
for the reconsolidation of various forms of memory
(7, 14, 18, 29).  These results, taken together, prompted
us to hypothesize that protein synthesis in the BLA
and CeA might play a critical role in spontaneous
reconsolidation of retrieved cocaine-induced CPP and
PA memory.  Therefore, we decided to test whether
blocking de novo protein synthesis in the BLA and
CeA might impair spontaneous reconsolidation of
cocaine-induced CPP and PA memory after retrieval
of either one of these memories.

Two hypothetical functions have been suggested
for memory reconsolidation (6).  First, memory
reconsolidation might be a means of strengthening
the original memory (3).  Second, memory reconsoli-
dation might serve as a mechanism whereby the
original memory may be updated to incorporate new
information (17).  These hypothetical functions of
memory reconsolidation are not mutually exclusive
but come into play during memory retrieval.  Theo-
retically, spontaneous memory reconsolidation does
not occur when memory retrieval procedure is omitted.

Since protein synthesis in the BLA and CeA could be
involved in the reconsolidation of cocaine-induced
CPP and PA memory (5, 34), we suspected that intra-
BLA or intra-CeA anisomycin infusion immediately
after the retrieval of either memory might affect
subsequent memory performance for the retrieved
memory, but spare the impact on the non-retrieved
one.

Materials and Methods

Animals

Male C57BL/6NJ mice, at 9-12 weeks of age,
were group housed in groups in plastic cages in a
temperature- and humidity-controlled colony room
on a 12-h light/dark cycle with lights on at 0700.
Mice had access to food (Purina Mouse Chow,
Richmond, IN, USA) and tap water ad libitum.  All
experiments were conducted in a temperature (23 ±
1°C)- and humidity (70%)-controlled laboratory.  This
study was performed in accordance with the National
Institutes of Health Guide for the Care and Use of
Laboratory Animals (NIH Publications No. 80-23)
revised in 1996. All procedures were approved by the
local Animal Care Committee at National Cheng
Kung University College of Medicine.  Mice were
trained to sequentially acquire cocaine-induced CPP
and PA following our training procedures.

Cocaine-Induced CPP Training, Test and Retest

Cocaine hydrochloride and anisomycin were
obtained from Sigma Chem (St. Louis, MO, USA).
Cocaine hydrochloride was freshly dissolved in saline
before use.  Anisomycin was dissolved in 10% DMSO
saline solution.  Cocaine-induced CPP trainings, tests
and retests were conducted in 3-compartment cham-
bers designed for mice (MedAssociates Inc., Georgia,
VT, USA) as described in our previous reports (13,
21, 24).  In brief, chambers were deodorized by a
thorough cleaning by wiping with an isopropyl alcohol
(70%)-rinsed paper towel wiping before starting each
bout of training, test and retest.  An unbiased design
was used in this study.  In a 15-min pretest, mice were
placed in the center of any randomly chosen chamber
and the time spent in each compartment of the chamber
was measured for their unconditioned preference.
Mice spending less than 40% of the time in any one
compartment or center were included for further study.
For cocaine-induced CPP trainings, mice receiving
an intraperitoneal saline injection between 0800 and
1000 were immediately confined in their uncon-
ditioned preferred compartment for 30 min.  At least
8 hours later, mice receiving a cocaine (10 mg/kg)
injection were immediately confined in their
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unconditioned non-preferred compartment for 30 min.
These procedures were repeated for three consecutive
days.  Approximately 40 hours after the conclusion of
the last bout of cocaine-compartment pairing, mice
were placed in the center with guillotine doors open
and a 15-min CPP test was started in a cocaine-free
status.  Durations (in sec) for mice exploring each of
the three compartments were recorded.  In this study,
retrieval of cocaine-induced CPP was achieved by
employing an additional 15-min cocaine-compartment
pairing to mice 24 hours after the CPP test.  Immedi-
ately after this cocaine-compartment pairing, mice
received bilateral intra-BLA or intra-CeA anisomycin
infusion (concentration: 50 µg/µl, volume: 0.5 µl/
side).  Two hours (retest 1) and 5 days (retest 2) after
the anisomycin infusion, mice were placed in the
center with open guillotine doors and a 15-min retest
was started in a cocaine-free status (Fig. 1).  Cocaine-
induced CPP magnitude was individually represented
by subtracting the time spent in the saline-paired
compartment from the time spent in the cocaine-
paired compartment in both test and retest.

Passive Avoidance Training, Test, and Retest

The custom-made PA apparatus consisted of a
trough-shaped compartment divided by a sliding door
into an illuminated and dark compartment.  A shock
generator (SMSCK, Kinder Scientific Com LLC,
Poway, CA, USA) was connected to the floor of the
dark compartment.  Approximately 16 hours after the
conclusion of the last bout of cocaine-compartment
pairing, mice were placed at the far end of the illu-
minated compartment facing away from the door.  As
the mouse turned around and entered the dark
compartment, the door was manually closed and a
0.6-mA foot shock was given for 1 sec.  The mouse
was left in the dark compartment for another 10 sec,
then removed from the apparatus and returned to its
home cage.  Approximately 24 hours later, the mice
were individually placed in the illuminated compart-
ment and the latency to step into (with all four paws)

the dark compartment was recorded as a measure of
retention time.  Approximately 24 hours after the PA
test, the mice were individually put into the illuminated
compartment.  The guillotine door was open and the
mice were manually forced to enter the dark compart-
ment and to stay in the dark compartment for 30 sec.
This procedure was used to make the mice retrieve
the PA memory in this study.  Immediately after PA
retrieval, the mice received bilateral intra-BLA or -
CeA anisomycin (concentration: 50 µg/µl, volume:
0.5 µl/side) infusion.  Two hours (retest 1) and 5 days
(retest 2) after the anisomycin infusion, the mice were
placed in the illuminated compartment for the PA
retest (Fig. 1).  The ceiling scores in the test and
retests were assigned as 600 sec.  Mouse PA perfor-
mance was recorded by a rater who was blind to
groupings.  PA performance was represented by
subtracting the retention time in the test (or retest)
from the retention time in the training.

Criteria for Successful Acquisition of Cocaine-Induced
CPP and PA

The criterion for reliably acquiring cocaine-
induced CPP was that the time spent in the cocaine-
associated compartment minus the time spent in the
saline-associated compartment in the test was at least
100 sec longer than it was in the pretest.  The criterion
for acquiring PA was that mouse retention time in
the test was at least 20 sec longer than it was in the
training.  Mice meeting these criteria were included
for further experiments.

Experimental Design and Groupings

Four groups of mice, 12 mice for each group,
were used for the BLA experiment.  They all acquired
PA and cocaine-induced CPP.  The first group of
mice received PA memory retrieval procedure
followed by bilateral intra-BLA anisomycin infusion.
The second group of mice received cocaine-induced
CPP retrieval procedure followed by intra-BLA

Fig. 1. Time course for cannulation, passive avoidance (PA) and cocaine-induced conditioned place preference (CPP) training,
test, memory retrieval, intra-basolateral (BLA) and central nucleus (CeA) of Amygdala infusion and retests.
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anisomycin infusion.  The third group of mice received
intra-BLA anisomycin infusion, sparing the memory
retrieval procedure.  One remaining group of mice
received intra-BLA vehicle (10% DMSO saline)
infusion, sparing the memory retrieval procedure.
Likewise, 4 groups of mice, 14 mice for each group,
were used for the CeA experiment.  Four groups
of mice acquired cocaine-induced CPP and PA
memory.  The first group of mice received PA memory
retrieval procedure followed by bilateral intra-CeA
anisomycin infusion.  The second group of mice
received cocaine-induced CPP retrieval procedure
followed by intra-CeA anisomycin infusion.  The
third group of mice received intra-CeA anisomycin
infusion, sparing the memory retrieval procedure.
One remaining group of mice received intra-CeA
vehicle (10% DMSO saline) infusion, sparing the
memory retrieval procedure.

Stereotaxic Surgery and Guide Cannula Implantation

Stereotaxic surgery and 26-gauge bilateral guide
cannula implantation (coordinates: anteroposterior,
-1.5 mm; lateral, ± 2.8 mm; dorsoventral, -4.8 mm for
BLA and anteroposterior, -1.1 mm; lateral, ± 2.3 mm;
dorsoventral, -4.8 mm for CeA) were performed under
sodium pentobarbital anesthesia (40 mg/kg) 1 week

before the beginning of the cocaine-induced CPP
training (Fig. 1).  Clearance through the guide cannula
was maintained with dummy cannulas.  The infusion
cannula, a 33-gauge dental needle, was inserted into
the guide cannula and was lowered 0.7 mm below the
guide cannula.  The infusion cannulas were mostly in
or bordered on the lateral and ventral parts of BLA
and CeA (Fig. 2).  Following histological examination,
mice found to have infusion cannula outside the above-
mentioned range were not included for further
analyses.  Anisomycin and vehicle (10% DMSO saline
solution) was infused with a Hamilton 10-µ l
microsyringe driven by a microdialysis pump (CMA/
Microdialysis, Stockholm, Sweden) at a rate of 1 µl/
min.  After anisomycin and vehicle infusion, the
infusion cannulas were left for an additional 4 min
before withdrawal.

Statistics

ANOVAs were employed to test whether
different groups of mice exhibited similar cocaine-
induced CPP and PA memory in tests.  Repeated
measure ANOVAs were used to assess group and test-
retest differences on the maintenance of PA and
cocaine-induced CPP.  The levels of statistical sig-
nificance were set at P < 0.05.

Fig. 2. Histological results for the injection site targeting the basolateral (BLA) and central (CeA) nucleus of amygdala in this
study.
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Results

Intra-BLA Anisomycin Infusion Immediately after
PA Retrieval Diminished the PA Performance in
Retests 1 and 2

Based upon the above-mentioned criterion, mice
reliably acquiring PA memory following our training
procedure were recruited for further experiments.  Mice
were, then, randomly divided into 4 groups.  ANOVA
results revealed that the 4 groups of mice exhibited
comparable retention times in the test [F(3,44) = 1.016,
P = 0.3947].  Results of repeated measure ANOVA
indicated that the retention time did not alter in retest
1 but decreased in retest 2 [F(2,132) = 36.54, P <
0.0001], suggesting that mouse PA performance spon-
taneously decreased at the 6th day after the test (Fig.
3A).  Moreover, mice receiving PA retrieval followed
by intra-BLA anisomycin infusion displayed a decrease

in retention time in both retests 1 and 2 [F(2,132) =
9.886, P < 0.0001] (Fig. 3A).  Nonetheless, intra-BLA
anisomycin alone did not affect subsequent PA per-
formance.  Using the cocaine-induced CPP retrieval
procedure, intra-BLA anisomycin infusion did not af-
fect PA memory in subsequent retests (Fig. 3A).

Intra-CeA Anisomycin Infusion Immediately after PA
Retrieval Diminished the Memory Performance in
Retest 2

Based upon the above-mentioned criterion, mice
reliably acquiring PA memory following our training
procedure were recruited for further experiments.
Mice were randomly divided into 4 groups.  ANOVA
results indicated that the 4 groups of mice exhibited
comparable retention time in test [F(3,52) = 0.502,
P = 0.6826].  Repeated measure ANOVA results
further revealed that retention time did not alter in

Fig. 3. Intra-BLA and intra-CeA anisomycin infusion and passive avoidance (PA) performance in retests.  (A) Retention time in mice
receiving PA retrieval followed by intra-BLA anisomycin infusion.  *Significantly lower than the other three groups in retests
1 and 2.  n = 12 for each group.  (B) Retention time in mice receiving PA retrieval followed by intra-CeA anisomycin infusion.
*Significantly lower than the other three groups in retest 2.  n = 14 for each group.
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retest 1 but decreased in retest 2 [F(2,156) = 36.04,
P < 0.0001], suggesting mouse PA performance
decreased at the 6th day after the test (Fig. 3B).  There
was an interactive effect of group and time point on
the retention time [F(6,156) = 2.285, P = 0.0384]
(Fig. 3B).  Post-hoc analysis further revealed that the
mice receiving PA retrieval followed by intra-CeA
anisomycin infusion displayed a decrease in retention
time in retest 2 (Fig. 3B).  Intra-CeA anisomycin
alone did not affect subsequent PA performance in
the retests.  Sparing the PA retrieval procedure, intra-
CeA anisomycin infusion did not affect PA memory
in subsequent retests (Fig. 3B).

Intra-BLA Anisomycin Infusion Immediately following
Cocaine-Induced CPP Retrieval Decreased the

Memory in Retests 1 and 2

Based upon the above-mentioned criterion, mice
reliably acquiring cocaine-induced CPP following
our training procedure were recruited.  Mice were
divided into 4 groups as previously mentioned.
ANOVA results revealed that the 4 groups of mice
exhibited comparable cocaine-induced CPP magnitude
in the test [F(3,44) = 0.0687, P = 0.9763] (Fig. 4A).
Repeated measure ANOVA results indicated that
cocaine-induced CPP magnitude decreased across
retests [F(2,132) = 5.647, P = 0.0044] (Fig. 4A).
Moreover, mice receiving cocaine-induced CPP
retrieval followed by intra-BLA anisomycin infusion
exhibited a significant decrease in cocaine-induced
CPP magnitude in both retests 1 and 2 [F(3,132) =

Fig. 4. Intra-BLA and intra-CeA anisomycin infusion and cocaine-induced conditioned place preference (CPP) performance in retests.
(A) CPP magnitude in mice receiving cocaine-induced CPP retrieval followed by intra-BLA anisomycin infusion.  *Significantly
lower than the other three groups in retests 1 and 2.  n = 12 for each group.  (B) CPP magnitude in mice receiving cocaine-induced
CPP retrieval followed by intra-CeA anisomycin infusion.  *Significantly lower than the other three groups in retest 2.  n = 14
for each group.
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14.07, P < 0.0001] (Fig. 4A).  Intra-BLA anisomycin
did not affect subsequent cocaine-induced CPP.  Using
the PA retrieval procedure, intra-BLA anisomycin
infusion did not affect cocaine-induced CPP in
subsequent retests (Fig. 4A).

Intra-CeA Anisomycin Infusion Immediately following
Cocaine-Induced CPP Retrieval Decreased this
Memory in Retest 2

Based upon the above-mentioned criterion, mice
reliably acquiring cocaine-induced CPP following
our training procedure were recruited.  Mice were
divided into 4 groups as previously mentioned.
ANOVA results revealed that the 4 groups of mice ex-
hibited comparable cocaine-induced CPP magnitude
in the test [F(3,52) = 0.1281, P = 0.943] (Fig. 4B).
Repeated measure ANOVA results indicated that
cocaine-induced CPP magnitude did not alter across
the retests [F(2,156) = 1.334, P = 0.2663] (Fig. 4B).
Mice receiving cocaine-induced CPP retrieval fol-
lowed by intra-CeA anisomycin infusion demon-
strated a significant decrease in CPP magnitude in
retest 2 [F(3,156) = 3.649, P = 0.014] (Fig. 4B).
However, intra-CeA anisomycin infusion alone did
not affect subsequent cocaine-induced CPP.  Using
the PA retrieval procedure alone, intra-CeA aniso-
mycin infusion did not affect cocaine-induced CPP
in subsequent retests (Fig. 4B).

Discussion

Although growing evidences have demonstrated
that the lateral nucleus of amygdala is involved in
reconsolidation of auditory fear memories (8, 12),
de novo protein synthesis in the BLA appears to be
required for reconsolidation of various forms of fear
memories (11, 28, 30, 31).  To date, a wide variety of
fear memories have been established by classical
conditioning paradigms.  In this study, mice were
trained to avoid the movement toward the dark
compartment that was associated with a painful foot
shock.  Obviously, mouse PA memory was a fear
memory and this PA memory was established via an
operant conditioning paradigm.  We demonstrated
that intra-BLA anisomycin infusion immediately after
PA memory retrieval diminished the strength of the
PA memory even though the PA memory was an
operant response.  In parallel with previous findings
(11, 28, 30, 31), our findings support the hypothesis
that de novo protein synthesis in the BLA is required
for reconsolidation of fear memory.  Moreover, passive
avoidance behavior is one of the three symptom
clusters especially in children’s PTSD patients (3).
Adult PTSD sufferers are observed to display symp-
toms including anxiety, insomnia, distressing and

recurrent dreams, flashback imagery and intrusive
thoughts, irritability, poor concentration, avoidance
behavior and detachment (16).  Among these symp-
toms, avoidance behavior could be treated as a
maladaptive operant behavior for avoiding retrieval
or intrusion of traumatic event-related memory.  We
found that both intra-BLA and intra-CeA anisomycin
infusion immediately after the fear memory retrieval
diminished the maladaptive avoidance response.  This
finding indicates that temporary blockage of protein
synthesis in the BLA and CeA after reactivation of a
fear memory could be a promising therapy to extin-
guish or eradicate a maladaptive fear responses,
especially those fear memories observed in patients
afflicted with PTSD or phobic disorders.

Likewise, we found that intra-BLA anisomycin
infusion immediately after cocaine-induced CPP
retrieval diminished subsequent CPP performance in
retests.  Although the role of BLA protein synthesis in
reconsolidation of morphine-induced CPP remains
argumentative (27, 38), intra-BLA infusion with
zif268, a member of the Egr family of transcription
factors, antisense has been known to impair recon-
solidation of cocaine-induced CPP (33).  Cocaine-
induced CPP retrieval is found to increase cyclin-
dependent kinase 5 activity in the BLA (23), suggesting
that BLA could be involved in synaptic plasticity
associated with retrieval of cocaine-induced CPP.
These reports, together with our findings, support the
notion that signaling cascades leading to transcription
and translation in the BLA are required for spontaneous
reconsolidation of a retrieved cocaine-conditioned
cue/context memory.  It is well known that cocaine-
conditioned cue/context memory plays a critical role
in triggering cocaine craving and causing relapse
(36).  And long-lasting vulnerability to cocaine-
conditioned cues/context memory-induced relapse has
always been a major challenge to the treatment of
cocaine dependence and abuse.  Given the finding
that intra-BLA anisomycin treatment immediately
after retrieval of cocaine-conditioned cue/context
memory effectively diminished such a memory, de
novo protein synthesis in the BLA could be used as a
treatment target for suppressing cocaine craving and
relapse in abstinent addicts.

Instead of using one learning and memory task,
we trained mice to acquire both cocaine-induced CPP
and PA memories.  Since cocaine-induced CPP and
PA memories are both amygdala-related memories,
mice acquiring these two memories provide an
opportunity to precisely define the roles of memory
retrieval and anatomical substrate in spontaneous
reconsolidation of two emotion-related memories.
We found that intra-BLA anisomycin infusion im-
mediately after retrieval of PA memory impaired
subsequent PA performance.  Likewise, intra-BLA
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anisomycin infusion immediately after retrieval of
cocaine-induced CPP impaired subsequent CPP
performance.  In contrast, intra-BLA anisomycin
infusion did not affect subsequent performance of PA
or cocaine-induced CPP that was not retrieved im-
mediately before the treatment.  It was importance
to note that intra-BLA anisomycin infusion alone
did not acutely affect PA or cocaine-induced CPP
performance.  These results, taken together, support
the core concepts of the reconsolidation hypothesis
that effective memory retrieval and de novo protein
synthesis are both required for spontaneous recon-
solidation of a retrieved memory.

Regardless of treatment, mouse PA performance
significantly waned in retest 2 (6 days after the test),
while their cocaine-induced CPP performance re-
mained unaltered across tests and retests.  Enduring
differences of cocaine-induced CPP and PA memories
could be due to different strategies being used for the
memory retrieval.  In an attempt to avoid foot shock-
produced ceiling effect on retention time, mice were
forced to enter the dark compartment for context
reminding without a foot shock delivery in our PA
retrieval procedure.  In addition, a 10-sec re-exposure
to the dark compartment in the PA apparatus was
suspected to serve for bidirectional function of
memory retrieval and memory extinction.  In contrast,
an extra cocaine-compartment conditioning was used
as a retrieval procedure for cocaine-induced CPP.
Accordingly, such a retrieval method was anticipated
to strengthen cocaine-induced CPP performance by
extending the training bouts.  Therefore, mouse PA
performance significantly decreased but their cocaine-
induced CPP performance remained intact in retest 2.
Given the possibility that an additional cocaine-
compartment conditioning can serve as an extensive
training procedure, it is reasonable to speculate that
intra-BLA (or intra-CeA) anisomycin infusion im-
mediately after this additional cocaine-compartment
conditioning may impair consolidation, instead of re-
consolidation, of cocaine-induced CPP.  Previously,
we reported that de novo protein synthesis was re-
quired for consolidation of cocaine-induced CPP (20).
The consolidation-impairing possibility, at this point,
can not be excluded for two reasons.  First, whether
the mouse CPP performance (learning) could reach
its maximum that supported by 3 cocaine injections
(10 mg/kg/injection) after our 3-day training procedure
remained unexplored in this study.  Second, late-
phase consolidation hypothesis can be used to predict
this finding.  However, our current design did not
aim to differential these issues.

Memory consolidation has been known as a
time-dependent process and it is proposed that
different stages of memory consolidation are not
sequentially linked (26).  In fact, accrued evidence

indicates that drugs can selectively impair early- or
late-phase consolidation of memories (26).  Synaptic
plasticity is the cellular mechanism for storing a
memory.  It is thought that long-term potentiation
(LTP), an enduring phase of synaptic plasticity, is a
candidate mechanism for memory consolidation.
Interestingly, different sets of molecules are involved
in early and late phases of LTP (19).  In this study, we
found that intra-BLA anisomycin infusion im-
mediately after PA retrieval acutely impaired PA
performance in retest 1, while intra-CeA anisomycin
infusion immediately after PA retrieval did not acutely
affect PA performance in retest 1.  Moreover, intra-
BLA anisomycin infusion immediately after cocaine-
induced CPP retrieval acutely impaired CPP
magnitude in retest 1, while intra-CeA anisomycin
infusion immediately after cocaine-induced CPP
retrieval did not acutely affect CPP magnitude in
retest 1.  These results, taken together, suggest that
protein synthesis in the BLA could be involved in
early-phase reconsolidation of retrieved emotion-
related memories, while protein synthesis in the CeA
could be essential for late-phase reconsolidation of
retrieved emotion-related memories.  It was of im-
portance to note that intra-BLA anisomycin infusion
immediately after the memory retrieval impaired the
memory performance 2 hours later.  It seemes less
likely that intra-BLA anisomycin infusion caused
an acute, state-dependent inhibition on memory per-
formance.  First, mice receiving intra-BLA anisomycin
infusion alone did not exhibit such a decrease in their
memory performance in retest 1.  Second, intra-BLA
anisomycin treatment immediately after retrieval of
cocaine-induced CPP or PA memory caused a decrease
in the respective memory performance in retest 2
even though there was no intra-BLA anisomycin
treatment 2 hours before retest 2.

In conclusion, we hereby report that temporary
inhibition of de novo protein synthesis in the baso-
lateral and central nucleus of amygdala immediately
after retrieval of an emotion-related memory can
impair subsequent performance of this memory.  More
importantly, de novo protein synthesis in the BLA
could be essential for early-phase reconsolidation of
retrieved emotion-related memories.  Protein synthesis
in the CeA could be required for late-phase recon-
solidation of retrieved emotion-related memories.
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