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Role of the Basolateral Amygdala in the Storage of Fear
Memories across the Adult Lifetime of Rats

Greg D. Gale,' Stephan G. Anagnostaras,? Bill P. Godsil,' Shawn Mitchell,' Takashi Nozawa,' Jennifer R. Sage,’
Brian Wiltgen,' and Michael S. Fanselow'
Departments of 'Psychology and 2Neurobiology, University of California, Los Angeles, Los Angeles, California 90095-1563

The basolateral amygdala (BLA) is intimately involved in the development of conditional fear. Converging lines of evidence support a role
for this region in the storage of fear memory but do not rule out a time-limited role in the memory consolidation. To examine this issue,
we assessed the stability of BLA contribution to fear memories acquired across the adult lifetime of rats. Fear conditioning consisted of 10
tone-shock pairings in one context (remote memory), followed 16 months later by 10 additional tone-shock pairings with a novel tone in
anovel context (recent memory). Twenty-four hours after recent training, rats were given NMDA or sham lesions of the BLA. Contextual
and tone freezing were independently assessed in individual test sessions. Sham-lesioned rats showed high and comparable levels of
freezing across all context and tone tests. In contrast, BLA-lesioned rats displayed robust freezing deficits across both recent and remote
tests. Subsequent open-field testing revealed no effects of BLA lesions on activity patterns in a dark open field or during bright light
exposure. Lesioned rats were able to reacquire normal levels of context-specific freezing after an overtraining procedure (76 unsignaled
shocks). Together, these findings indicate that BLA lesions do not disrupt freezing behavior by producing hyperactivity, an inability to
suppress behavior, or an inability to freeze. Rather, the consistent pattern of freezing deficits at both training-to-lesion intervals supports

arole for the BLA in the permanent storage of fear memory.

Key words: behavior; learning; memory; NMDA; retrograde; shock

Introduction

The amygdala has long been implicated in the production of
behaviors associated with fear. Extensive work using pavlovian
fear conditioning procedures has revealed a role for the basolat-
eral amygdala (BLA) in both the acquisition and expression of
conditional fear. Although there remains little doubt that the
BLA plays a critical role in fear acquisition, the nature of this
involvement remains a matter of debate. A large body of evidence
suggests that the BLA provides a substrate for fear memory stor-
age. Lesions, whether made before or shortly after conditioning,
produce profound deficits in fear to auditory, visual, and contex-
tual stimuli (Phillips and Ledoux, 1992; Kim and Davis, 1993).
Both functional inactivation and receptor antagonism in the BLA
before conditioning result in acquisition deficits, although the
same manipulations made immediately after conditioning have
no effect (Campeau et al., 1992; Fanselow and Kim, 1994; Helm-
stetter and Bellgowan, 1994; Maren et al., 1996b; Muller et al.,
1997; Wilensky et al., 1999). Studies focusing on molecular
mechanisms have demonstrated a role for protein synthesis and a
number of kinase signaling cascades in the formation of long-
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term fear memory (Mayford et al., 1996; Bailey et al., 1999; Goos-
ens et al., 2000; Schafe and LeDoux, 2000; Schafe et al., 2000).
Importantly, disruption of these processes appears to affect fear
memory only during relatively short time windows after training.
These findings suggest that processes intrinsic to the BLA are
critically involved in supporting associative fear memory.

Although much evidence is consistent with such a memory
storage account of BLA function, the existing literature does not
universally support this position. On the basis of data from in-
hibitory avoidance studies, it has been argued that deficits in
acquisition after BLA manipulations reflect a role for this region
in the consolidation of fear memory. Support for such a consol-
idation view comes from studies using pharmacological manip-
ulations of the BLA at various times after training. Several agents
have been shown to produce enhancements in subsequent avoid-
ance performance when administered to the BLA after training
(Liang et al., 1986; Introini-Collison et al., 1996; McGaugh et al.,
1988). Importantly, these effects are time limited, showing de-
creased efficacy with time after training, presumably reflecting
the time course of memory consolidation in regions outside the
BLA. Additional support for a consolidation view comes from a
recent study apparently demonstrating normal avoidance behav-
ior in BLA-lesioned rats that displayed near complete deficits in
conditional freezing (Vazdarjanova and McGaugh, 1999). From
these data, it has been argued that deficits after BLA lesions do not
reflect a failure of memory but rather a disruption of BLA-
dependent memory consolidation.

A consolidation view would predict that BLA contribution to
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Figure 1. Representative photomicrograph of BLA from sham (A) and lesioned (B) rats.
Substantial cell loss in lesioned rats was apparent throughout the BLA. CEA, Central nucleus of
the amygdala; PR, perirhinal cortex.

freezing behavior should decrease as time after training increases.
Recent studies that have directly addressed this issue do not sup-
port this position. With lesions made up to 30 d after training, no
evidence of a temporal gradient has been observed for condi-
tional freezing (Maren et al., 1996a) or fear potentiated startle
(Kim and Davis, 1993; Lee et al., 1996). Still, it remains possible
that the consolidation period for fear conditioning exceeds the
time frame considered in these studies. Indeed, prolonged con-
solidation gradients, extending well beyond 30 d, have been ob-
served for hippocampal-dependent tasks, including contextual
fear conditioning (Zola-Morgan and Squire, 1990; Maren et al.,
1997; Anagnostaras et al., 1999). The current study addressed this
issue by exposing rats to two fear conditioning episodes separated
by 16 months. The contribution of the BLA to these distinct fear
memories was then assessed. Additional tests were conducted to
address performance interpretations of BLA lesion-induced
freezing deficits.

Materials and Methods

Subjects. Subjects were male Long—Evans rats bred at the University of
California at Los Angeles. Rats were housed in individual metal cages and
maintained on a 14/10 hr light/dark cycle with access to food and water
ad libitum throughout the experiment. Rats were initially handled once
daily for 3 consecutive days before training.

Training. All of the animals received tone—shock pairings in one con-
text (remote memory), followed by identical training with a novel tone in
a novel context (recent memory) 480 d later. Figure 1 depicts a sample
time line of the experimental procedures. The exact contexts and tones
used show little generalization between each other and were counterbal-
anced. For each conditioning session, the rats were placed into the con-
ditioning chambers, and, after a 2 min baseline period, the animals re-
ceived 10 tone (10 sec, 2 or 8 kHz, 90 dB, A scale)—shock (2 sec, 1 mA)
pairings, with a 64 sec intertrial interval (ITI). Two minutes after the final
shock, rats were removed and returned to their home cages.

Surgery. One day after recent training (480 d after remote training), all
of the animals were given atropine methyl nitrate (0.04 mg/kg, i.p.),
anesthetized with sodium pentobarbital (50 mg/kg, i.p.), and mounted
into a stereotaxic apparatus (David Kopf Instruments, Tujunga, CA).
The scalp was incised and retracted, and head position was adjusted to
place bregma and lambda in the same horizontal plane. Small burr holes
were drilled in the skull above the BLA to accommodate a 28 gauge
infusion cannula. A 10 ul Hamilton syringe mounted to a infusion pump
(Harvard Apparatus, South Natick, MA) and connected to the cannula
with polyethylene tubing was used to deliver infusions. For BLA lesions
(n =11), NMDA (20 pg/ul; Sigma, St. Louis, MO) in 100 mm PBS, pH
7.4, was infused at a rate of 0.1 ul/min at two sites bilaterally (3.3 mm
posterior to bregma, =5.0 mm lateral to bregma, 8.0 mm ventral to the
skull surface, total volume 0.2 ul; 2.3 mm posterior to bregma, 5.0 mm
lateral to bregma, 7.5 mm ventral to the skull surface, total volume 0.1
wl). Sham rats (n = 11) underwent the identical procedure, except that
no infusions were made. Representative BLA and sham lesions are shown
in Figure 1.
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Figure 2.  Schematic diagram of sample behavioral procedure. Rats were given pavlovian
fear conditioning in one context (remote training), followed 16 months later by additional
training in a novel context (recent training). Lesions of the BLA were performed 1d after recent
training. After recovery, rats were given independent test sessions to assess remote and recent,
context and tone memory. The exact contexts and test orders used were counterbalanced

Contexts. The context A environment consisted of aluminum (side
walls) and Plexiglas (front, back, and top) chambers (28 X 21 X 22 cm;
Lafayette Instruments, Lafayette, IN). The floor of each chamber had 18
stainless steel rods (4 mm diameter, 1.5 cm apart) connected to a shock
scrambler and generator (which, along with internal ventilation fans,
supplied background noise of 70 dB, A scale). The chambers were cleaned
and scented with a 5% ammonium hydroxide solution. These computer-
controlled (Med-Associates, Lafayette, IN) chambers were in a well lit
room separate from the observers. Tones were presented from a speaker
in the wall of each chamber. The context B environment was in a separate
room. These chambers (same size as above) had a white rear wall inserted
and two white plastic side walls (24 X 21 cm) placed at 60° to the floor,
forming a triangular enclosure. The floors consisted of 17 staggered rods
(two rows, 1 cm vertically apart; in each row, each rod was 2.6 cm apart).
Background noise (70 dB) was supplied by a white-noise generator, and
the chambers were cleaned and scented with 1% acetic acid solution. This
room was illuminated by a 30 W red light bulb. The exact contexts and
tones used for remote and recent training were counterbalanced (i.e., an
equal number of animals were trained in A with 2 kHz, followed by B
with 8 kHz 50 d later; A8—B2, B2—A8, and B8—A2). Finally, a third con-
text (C) was used for off-baseline tone testing. This context consisted of a
stainless steel rack of hanging wire mesh cages (20 X 25 X 18 c¢m; trans-
parent in the front; opaque side and rear walls). These cages hung over
deep, pine wood shavings (providing the background odor), and the
entire rack was placed into the same room as the context A chambers. A
floor standing fan provided background noise (55 dB), and the room was
illuminated by a 30 W red light bulb. Tones were delivered from condi-
tioning chambers located behind the rack. Chambers were cleaned with a
5% sodium hydroxide solution. The transport carriers used to carry the
animals were the same as those used for either the A or B context
(counterbalanced).
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Freezing. Freezing behavior was defined as the absence of any visible
movement (including the vibrissae), except that required for respiration.
It was scored according to a blind instantaneous 8 sec time sampling
procedure in which each animal was observed eight times per 64 sec
interval. For each minute, the number of observations scored as freezing
were summed and converted to a percentage (number of freezing obser-
vations/total number of observations X 100). Previous study has re-
vealed that this measure is highly amenable to parametric analysis
(Fanselow and Bolles, 1979).

Tests for conditioning. After surgery (14-15 d), the animals received
both a remote and a recent 8 min contextual extinction test on two
separate days (order counterbalanced). This was followed 1-2 d later by
remote and recent (counterbalanced) tone tests. For each test, the rats
were brought to a novel context (context C, above) for an 8 min tone
extinction test. The animals were placed in the wire cages, and, after a 2
min baseline, either the remote or recent conditioning tone was pre-
sented for 6 min. For all tests, freezing was scored continuously. A sample
behavioral procedure is depicted in Figure 2.

Open-field testing. One week after the completion of conditioning
tests, general activity and activity suppression were assessed in an open
field. The open-field arena was a white translucent polyethylene box
(model CB-80; Iris, Pleasant Prairie, WI) with internal dimensions of
69 X 34 X 30 cm. Black electrical tape attached to the underside of the
floor marked eight squares (17 X 17 cm) that were visible from above.
The arena was situated on a table in the center of a room that had been
decorated with distal cues (posters in the rat’s line of sight). Two lamps
were situated outside the arena on opposite sides. Each lamp faced the
arena and contained a single 100 W white light bulb. A white-noise
generator provided background noise (65 dB, A scale). A 25 W red light
bulb that was suspended from the ceiling illuminated the room. For
testing, each rat was placed in the arena, and line crossings (defined as the
front and rear paws crossing one of the black lines) were recorded for 4
min. The two 100 W bulbs were then turned on, and line crossings were
again recorded for 4 min. Each rat was then removed, and the open-field
arena was cleaned with 25% ethanol in water before the next test session.

Overtraining. Two weeks after open-field testing, lesioned rats were
retrained in an overtraining procedure (Maren, 1999). All BLA-lesioned
rats were returned to context A. Lighting, olfactory cues, and background
noise remained unchanged from previous training in this context. After a
2 minute exposure to the chamber, rats were given 76 unsignaled shocks
(1 mA, 2 sec) with a 64 sec ITI. Two minutes after the final shock, rats
were removed from the chamber and returned to the home cage. On 2
consecutive days after overtraining, BLA-lesioned rats received an 8 min
extinction test in either the overtraining context or a modified C context.
For these tests, the C context was illuminated by a single 100 W bulb, and
background noise was provided by the shock scramblers only (50 dB) and
contained no discernable odors. Chambers were cleaned with a 1% so-
dium hydroxide solution between tests. The order in which rats were
tested in these two contexts was counterbalanced.

Data analysis. For each memory test, percentage freezing was calcu-
lated on a minute-by-minute basis and analyzed by a general multivariate
ANOVA. Ambulatory crossovers during the open-field test were calcu-
lated for each test minute and similarly analyzed.

Results

Context fear

Two weeks after surgery, fear memory for both the remote and
recent contexts was assessed. Each test consisted of an 8 min
extinction test, during which no tones or shocks were presented.
Test order for the remote and recent contexts was counterbal-
anced. Figure 3A depicts the time course of freezing in the re-
motely conditioned context trained 480 d before the lesion. BLA
lesions produced significant deficits in freezing (F; ,5) = 15.90;
p < 0.001). The lesion X minute interaction was also significant
(F(7.140) = 2.45; p < 0.03). Sham-lesioned rats showed an initial
increase and then a decrease in freezing, a pattern not observed in
the lesioned rats. Figure 3B depicts the time course of freezing in
the recently conditioned context trained 1 d before the lesion.
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Figure3. Remote and recent contextual fear. Each test consisted of an 8 min context expo-
sure. No tones or shocks were delivered during these sessions. A, Remote contextual fear. When
exposed to the remotely trained context, sham rats exhibited high levels of freezing across the
8 min extinction test. In contrast, BLA lesions produced near complete deficits in freezing. B,
Recent contextual fear. Sham rats exhibited levels of freezing comparable with those observed
in the remote context. Again, BLA-lesioned rats displayed significant deficits in freezing across
the extinction test.
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Figure 4. Remote and recent tone fear. Tone tests were conducted by placing the rats in a
novel context for a 2 min baseline period (BL), followed by a 6 min continuous tone presenta-
tion. A, Remote tone fear. Both sham- and BLA-lesioned rats displayed low levels of freezing
during the 2 min baseline period. Whereas sham rats displayed high levels of fear during the
tone presentation, BLA rats showed pronounced deficits across the test. B, Recent tone fear.
Baseline freezing in sham- and BLA-lesioned rats was negligible. Sham rats displayed high
levels of freezing across the tone test, and BLA rats again showed significant freezing deficits.

Similar to the effects observed on remotely conditioned context
fear, BLA lesions severely impaired recently conditioned context
fear (F(; 59) = 12.48; p < 0.01). The lesion X minute interaction
was not significant (F(; 49y = 1.74; p > 0.1). A comparison of
sham-lesioned rats revealed no differences in freezing between
recent and remote contexts tests (F(, 5, = 0.853; p > 0.37). This
pattern of results demonstrates that contextual fear depends crit-
ically on the BLA regardless of the age of the memory and that no
forgetting occurs under these training-to-test intervals.

Tone fear

After the context tests, memory for remote and recent tone fear
was assessed. Each test consisted of a 2 min baseline period, fol-
lowed by a single 6 min tone presentation of either the tone used
during remote or recent training. Test order was counterbal-
anced. Figure 4A depicts the time course of freezing to the re-
motely conditioned tone. Negligible levels of freezing were ob-
served during the pre-tone period, and no group differences were
observed. In contrast, BLA lesions produced significant freezing
deficits to the remote tone (F(, 55y = 12.59; p < 0.01). The le-
sion X minute interaction was also significant (F(s o9, = 2.47;
p < 0.04), indicating that sham rats showed a general decrease in
freezing across the conditioned stimulus presentation not appar-
ent in BLA-lesioned rats. Figure 4B depicts the time course of
freezing to the recently conditioned tone. Again, negligible levels
of freezing were observed during the pre-tone period, and BLA-



Galeetal. » BLA and Fear Memory

20 -
(- Sham
g = @ BLA
8 i
& 10+
17}
o i
(@]
5 °
) \_/’“—O
. 00
1 2 3 4 5 6 7 8
Minutes
Figure 5.  General activity assessment. Rats were placed in a novel open field dimly illumi-

nated by a 25 W red bulb. Crossovers were scored for 4 min. Two bright lights (100 W) illumi-
nated the open field for the final 4 min of the test. Sham- and BLA-lesioned rats showed
comparable levels of activity and rates of habituation throughout both phases of the test.

lesioned rats did not differ from controls. In contrast, BLA lesions
produced significant freezing deficits during presentation of the
recent tone (F; 5oy = 9.12; p < 0.01). The lesion X minute inter-
action was not significant (Fs5 o9, = 0.88; p > 0.4). Sham rats
showed comparable levels of freezing to both recent and remote
tones (F(; o) = 0.786; p > 0.39). Consistent with the findings
from the context tests, the BLA appears to play a critical and
stable role in supporting tone fear.

Open-field activity

Potential changes in activity are of particular concern in investi-
gations of freezing because of the possibility for response compe-
tition between activity and freezing. To assess potential activity
changes in our BLA-lesioned rats, we examined general activity
levels and activity suppression in an open field. Figure 5 depicts
the average line crossings during each minute of the 8 min open-
field test. The main effect of minute was significant (F; 49y =
44.378; p < 0.0001), reflecting a general decrease in activity across
the session. However, BLA lesions produced no significant effects
on activity (F(; 5oy = 3.07; p > 0.09), and no lesion X time inter-
action was observed (F(; 1,0, = 0.65; p > 0.5). Together, these
findings suggest that BLA lesions do not affect general activity
levels, habituation, or activity suppression in response to bright
light exposure. As such, the freezing deficits observed during the
context and tone tests were likely not related to any of these
performance factors.

Overtraining

Figure 6 depicts the average freezing in BLA-lesioned rats during
8 min extinction tests in the overtrained context and a novel
context. Freezing levels in the overtrained context were signifi-
cantly elevated relative to the novel context (¢, = 4.46; p <
0.001). The reliable discrimination between trained and un-
trained contexts suggests that BLA-lesioned rats are capable of
acquiring stimulus-specific conditional fear. Additionally, the
freezing levels obtained after the overtraining procedure were
comparable with those shown by sham-lesioned rats after the
original training protocol. This pattern of data confirms the abil-
ity of BLA-lesioned rats to acquire and express contextual freez-
ing that is qualitatively and quantitatively comparable with that
of the intact rat.
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Figure 6.  Overtraining. BLA-lesioned rats were returned to one of the two original training
contexts and given an overtraining procedure consisting of 76 unsignaled shocks. Over the next
2 d, rats were given 8 min extinction tests in the overtrained context and a novel context. Test
order was counterbalanced. Data represents the mean of each 8 min extinction tests. Freezing
data for sham rats tested in the same context is provided for comparison.

Discussion

Converging lines of evidence support a permanent mnemonic
role for the BLA in pavlovian fear conditioning. The present
study assessed the generality of this position by examining the
role of the BLA in the expression of fear memories varying in age
from 1 d to 16 months. Consistent with previous reports, post-
training BLA lesions produced robust freezing deficits to both
contextual and discrete auditory stimuli. The critical finding of
the present study was that these effects were independent of the
training-to-lesion interval. Lesioned rats showed robust and
comparable deficits during all recent (1 d old) and remote (16
month old) memory tests. Because this set of training-to-lesion
intervals spans the adult lifetime of rats, the failure to observe any
evidence of preserved memory for remote fear memory argues
strongly against the existence of prolonged consolidation pro-
cesses governing the storage of memory supporting conditional
freezing. The uniform pattern of freezing deficits after BLA le-
sions across tests is consistent with a role for the BLA as a sub-
strate supporting memory storage for both auditory and contex-
tual fear.

Given the lack of any temporal gradient for either context or
tone fear after post-training BLA lesions, the present findings are
readily interpretable as a disruption of fear memory. However, in
addition to consolidation accounts of BLA-induced freezing def-
icits, it has been suggested that deficits after BLA lesions may stem
from nonspecific effects on freezing performance (Cahill et al.,
1999). By this view, lesions of the BLA produce either general
hyperactivity, which competes with the production of the freez-
ing response, or an inability to perform the freezing response.
The present study directly addressed both of these possibilities.
Assessment of open-field activity levels did not support a hyper-
activity interpretation of the observed freezing deficits. Through-
out the dark phase, BLA-lesioned rats displayed no evidence of
elevated activity relative to sham rats. Rather, both groups
showed identical levels of activity and rates of activity habitua-
tion. Additionally, data from the light phase provided evidence
that BLA lesions have no general effects on the rats’ ability to
suppress behavior. Exposure to bright light produced a compa-
rable level and rate of activity suppression in both BLA and sham
rats. The ability of BLA-lesioned rats to perform the freezing
response was assessed through an overtraining procedure. Such
training had been shown previously to support reacquisition of
contextual freezing after BLA lesions (Maren, 1999). Consistent
with the findings of that study, BLA-lesioned rats in the present
experiment reacquired levels of contextual freezing comparable
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with those obtained after initial training with an intact BLA. This
freezing was specific to the training context because these same
rats showed no evidence of fear to an untrained context. These
findings show that BLA-lesioned rats are indeed capable of per-
forming the freezing response. Together with previous data dem-
onstrating an intact freezing response to unconditional fear stim-
uli in rats with BLA lesions (Wallace and Rosen, 2001), these
findings do not support performance interpretations of BLA-
induced freezing deficits. Importantly, because the activity and
overtraining assessments were conducted in the same animals
used in the fear conditioning experiments, it is difficult to at-
tribute the observed contextual and tone freezing deficits to per-
formance factors. The reacquisition of context-specific freezing is
somewhat surprising given the proposed role of the BLA in fear
memory storage. These data suggest that, under extreme training
parameters, contextual conditioning can be acquired and ex-
pressed independent of the BLA. Rather than undermining the
importance of the BLA as a site of memory storage, this finding
suggests that other regions can, under a limited set of circum-
stances, compensate for BLA damage. The circuitry mediating
this effect is currently unknown but may involve the periacque-
ductal gray, a region that plays a critical role in freezing perfor-
mance (Kim et al., 1993; De Oca et al., 1998).

The within-subjects design used in the present study is as-
sumed to generate fear memories specific to the distinct contexts
and tones used during training. The nearly uniform levels of
freezing observed across tests could be taken as evidence that
control rats acquired recent and remote memories of equal
strength. Alternatively, this pattern of results could suggest that
sham rats do not readily discriminate between the contexts or
tones. In this case, conditional freezing would reflect some com-
mon nonspecific memory, and, as such, the present design would
not necessarily provide a test of the role of the BLA in consolida-
tion of fear memory. Although the present design does not en-
tirely rule out this possibility, several aspects of the results sup-
port the specificity of fear memory. The low levels of freezing
observed during the baseline period before the tone tests in con-
text C together with the high levels of freezing observed during
the corresponding periods of the recent and remote contexts tests
provide evidence of contextual discrimination. However, this
pattern of results demonstrates that sham rats can discriminate
between shocked and nonshocked contexts but does not neces-
sarily show that they discriminate between the two training con-
texts. Data from a previous study does, however, provide direct
evidence that these training procedures support independent
memories for recent and remote contextual fear. In an identical
within-subjects design, using the same apparatus, rats with le-
sions of the dorsal hippocampus displayed pronounced deficits
for recent contextual fear but maintained high levels of remote
contextual fear (Anagnostaras et al., 1999). This pattern of data
would not be expected if rats had established a common contextual
representation or were strongly generalizing between the two con-
texts. Together, these findings demonstrate specificity of contextual
fear memory and validate the behavioral procedure as a tool for
assessing the role of the BLA in mediating multiple contextual fear
memories. The current results provide no direct evidence for dis-
crimination between the training tones. Assuming that these rats
failed to discriminate the recent tone from the remote tone at the
time of recent training, it could be argued the recent training simply
represents additional conditioning of the remote tone. Given the
evidence for contextual discrimination, a lack of tone discrimination
would depend on a selective flattening of generalization gradients for
tones and not contextual stimuli across the interval between training
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sessions, a possibility that has not been directly examined. Addition-
ally, the comparable levels of recent and remote tone fear might be
expected if rats were discriminating the tones. If rats were treating
the recent tone as the remote tone, then recent training should pro-
duce a sharp generalization gradient around the recent tone. Subse-
quent tone testing should then reveal a generalization decrement to
the remote tone, a result not supported by the data.

Although the current results join a body of evidence support-
ing a memory storage view of BLA function, evidence from other
aversively motivated tasks suggest a more limited role in fear
acquisition. With respect to conditional freezing, a strong predic-
tion from a memory storage perspective is that rats given post-
training BLA lesions should show no savings in the face of re-
training. Insofar as the BLA serves as the site of memory storage,
lesions of this structure should abolish any memory of training
that could serve to accelerate relearning. In an exhaustive analysis
of freezing behavior, Maren (2001) found no evidence of savings
in BLA-lesioned rats. In contrast, savings have been reported for
conditional freezing behavior after similar lesions made before
training (Cahill et al., 2000). However, interpretation of these
findings is complicated by the use of pretraining lesions. Given
the demonstrated role for the BLA in fear acquisition, rats in this
study are likely not acquiring memory in the same way as rats
with an intact BLA. The critical issue with respect to savings is
whether memory acquired with an intact BLA can serve to facil-
itate reacquisition in the absence of this structure. Only a post-
training lesion design, such as that used by Maren (2001), can
adequately address this issue. As such, available evidence pro-
vides no support for savings after BLA lesions.

Although the current results favor a storage interpretation of
BLA function, they do not rule out a contribution to the storage
of memory for certain aspects of the fear conditioning situation
in other regions or a time-limited role in these processes. Studies
in humans have provided somewhat conflicting results with re-
spect to this issue. Patients with amygdala damage tend to show
deficits in the facilitation of declarative memory produced by
emotional material (Adolphs et al., 1997, 2000), a finding consis-
tent with a role for the BLA in coordinating storage of declarative
memory. However, other evidence supports dissociable BLA
contributions to declarative and nondeclarative emotional mem-
ory. A study of patients with specific amygdala damage revealed
normal declarative fear memory acquisition, despite severe defi-
cits in acquisition of nondeclarative fear memory (Bechara et al.,
1995). Thus, even in the absence of BLA activity, the content of
declarative memory for the fear conditioning episode appears
normal. Together, these findings suggest that the BLA plays a
specialized role in encoding the emotional aspects of the fear
conditioning situation rather than coordinating the consolida-
tion of declarative memory in extra-amygdala regions.
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