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It has been suggested that retrieval during a nonreinforced test induces reconsolidation instead of extinction of the
mnemonic trace. Reconsolidation would preserve the original memory from the labilization induced by its
nonreinforced recall through a hitherto uncharacterized mechanism requiring protein synthesis. Given the
importance that such a process would have in terms of maintaining, as part of the animal behavioral repertoire, a
learned response that has been devalued by experience, we analyzed its existence for the memory associated with a
one-trial, step-down inhibitory avoidance task (IA), a memory whose consolidation and extinction require protein
synthesis in the CAIl region of the dorsal hippocampus (CAI) and involve the participation of the basolateral
amygdala (BLA) and entorhinal cortex (ENT). Rats were trained in 1A, and 24 h later they were submitted either to
a pure reactivation session (retrieval without stepping down), which was unable by itself to initiate extinction of the
avoidance response, or to a second training session. Fifteen minutes before or 3 h after either the reactivation or the
retraining sessions, animals were infused with the protein synthesis inhibitor anisomycin (ANI) into CAl, BLA, or
ENT. Contrary to the prediction of the reconsolidation hypothesis, none of these treatments affected subsequent
memory retention. Because reconsolidation is regarded to be a direct consequence of retrieval, one would expect
that, when given before a retention test or a pure reactivation session, enhancers of memory expression should
permanently improve retention and, therefore, facilitate retrieval both in that and in subsequent sessions. Using two
well-known retrieval enhancers, noradrenaline and adrenocorticotropin, ,4, we could not find any evidence sug-
gestive of reconsolidation. Hence, our results indicate that there is no retrieval-induced, protein synthesis—dependent

process that would cause reconsolidation of IA memory.

Memories are stored through a process called consolidation. This
process was postulated at the very beginning of the twentieth
century (Miiller and Pilzecker 1900) and was experimentally sup-
ported by the demonstration over the years that several agents
induce amnesia when given shortly after acquisition, but not
later. This hypothesis became a theory only after other posttrain-
ing treatments were found to facilitate retention, allowing the
eventual investigation of putative mechanisms for consolidation
(McGaugh 1966). These mechanisms are now known to consist
of a tightly knit assortment of interdependent molecular pro-
cesses (Izquierdo and Medina 1997) that are conserved across
species or even phyla (Tully 1998; Menzel 2001). A central tenet
of the consolidation theory is that consolidated memories are
more stable and resistant to changes than are newly acquired
ones. This does not mean that consolidated memories are fixed
and cannot be modified, which would obviously be a rather ill-
adaptive way to store information. Aside from changes induced
by misleading or false information (Loftus and Palmer 1974;
Schacter and Dodson 2001), learning of other tasks, and neuro-
humoral influences (Izquierdo 1989), it has been known for
nearly a century (Pavlov 1927) that well-established conditioned
responses (CRs) can be extinguished through the repeated pre-
sentation of the conditioned stimulus (CS) in the absence of the
unconditioned stimulus (US) to which it had been associated
(i.e., by nonreinforced retrieval). Although expressed as a weak-
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ening of the tendency to retrieve the CR on presentation of the
CS, extinction does not involve forgetting but, rather, a new,
additional learning in which a CS-no US pairing overrules the
original CS-US association (Rescorla 2001). In fact, as happens
with the consolidation of most types of new memories (see Myers
and Davis 2002a), extinction is blocked by protein synthesis in-
hibitors infused into the hippocampus (Vianna et al. 2001) or the
basolateral amygdala (BLA; Myers and Davis 2002b; Bahar et al.
2003) at the time of the first of a series of test sessions. The
inhibition of extinction by ANI administered into BLA or the
hippocampus is very consistent across the literature (Myers and
Davis 2002a,b). One very recent paper, however, suggests that, in
some conditions, intrahippocampal ANI may have an opposite
effect (Fischer et al. 2004). Clearly, extinction is a retrieval-
induced phenomenon that devalues learned behaviors that are
no longer adaptive without erasing stored information that could
still be useful in the future.

Building on previous findings indicating that trained ani-
mals reexposed to proper reminder cues followed by hypother-
mia or electroconvulsive shock temporarily show weakened re-
trieval (Misanin et al. 1968), it has been suggested that presen-
tation of a nonreinforced CS initiates a process of reconsolidation
rather than extinction. This early paper was decisively refuted by
Dawson and McGaugh (1969), who, using a better controlled
experimental design, were simply unable to reproduce the results
presented by Misanin and coworkers.

Reconsolidation would reaffirm behaviors that could or
would be extinguished (Nader 2003). In view of our long-
standing knowledge about extinction, this suggestion may, at
first sight, appear counterintuitive (Myers and Davis 2002b). It

11:572-578 ©2004 by Cold Spring Harbor Laboratory Press ISSN 1072-0502/04; www.learnmem.org



Inhibitory Avoidance and Memory Reconsolidation

mainly derives from results indicating A
that, in some aversive tasks, the protein
synthesis inhibitor anisomycin (ANI)
given at the time of the first memory
retention test may worsen performance
during a second or subsequent tests
(Nader et al. 2000; Debiec et al. 2002).
Using a mechanism that requires protein
synthesis, reconsolidation would rebuild
the trace labilized by retrieval.

To date, the plausibility of the re-
consolidation hypothesis has been ana-
lyzed, using retrieval procedures that, at
least in theory, should induce extinction c
of the original CR. In addition, several
studies (Vianna et al. 2001; Lattal and 200+
Abel 2004) suggest that the retention
impairment produced by different
postretrieval treatments is typically tran-
sitory. For that reason, many consider
the so-called reconsolidation process as
representing just a temporary perfor-
mance effect.

Given that reconsolidation would
maintain an acquired CR devalued by
experience (i.e., the opposite to extinc-
tion) as part of the animal behavioral
repertoire, it is crucial to analyze its ex-
istence, using as the retrieval test either a
pure reactivation session (one in which
CS and CR are present but the possibility
of extinction is neutrally prevented) or a
retraining session (a session in which the
animal is confronted again with a training procedure, such as the
one from which the original memory stemmed and, hence, the
one that should induce further consolidation). To do that, we
used a one-trial, step-down inhibitory avoidance paradigm (IA), a
form of fear conditioning much used for the study of consolida-
tion, retrieval, and extinction.

RESULTS

Inhibition of Hippocampal Protein Synthesis
at the Moment of, or 3 h After, Training Hinders

IA Memory Consolidation

Confirming and extending previous results, we found that when
given into the CA1 region of the dorsal hippocampus 15 min
before or 3 h after training, ANI blocked consolidation of the 1A
memory, as evaluated in a retention test session carried out 24 h
posttraining (Fig. 1). The amnesic effect of ANI was observed
regardless of whether the animals had been trained using a 0.5-
mA (Fig. 1A,B) or a 0.8-mA (Fig. 1C,D), 2-sec foot-shock.
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Inhibition of Protein Synthesis in CAl, the BLA, or the
ENT 15 min Before or 3 h After a Pure Reactivation

Session Does Not Affect Subsequent Memory Retention

To study whether memory retrieval initiates a protein synthesis—
dependent process, other than extinction in the hippocampus,
that is able to influence further memory retention, animals were
trained in IA using a 0.5- or 0.8-mA, 2-sec foot-shock and, 24 h
later, were submitted to a pure reactivation session that, as can be
seen in Figure 2, is unable to induce extinction of the IA re-
sponse. Fifteen minutes before or 3 h after a 20-sec (Fig. 3A,B) or
40-sec (Fig. 3C) reactivation session, the animals received bilat-
eral infusions of ANI (80 pg/side; 0.8 uL) or vehicle into CAl.
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Figure 1 Consolidation of IA memory requires protein synthesis in the CA1 region of the dorsal
hippocampus. Animals who had cannulas implanted and aimed toward the CA1 region of the dorsal
hippocampus were trained in the IA task using a 0.5-mA (A, B) or 0.8-mA (C,D), 2-sec foot-shock. Fifteen
minutes before (A,C) or 3 h after (B,D) the training session, the animals received 0.8 pL bilateral
infusions of vehicle (VEH) or ANI (80 ug/side). Memory retention was evaluated in a test session carried
out 24 h posttraining (TT1). Data represent median + interquartile range of the step down latency
time. *P < 0.005 versus VEH in Mann-Whitney test; n = 10 to 14 per group.

Memory retention was evaluated in a test session carried out 24
h after reactivation. By itself, the pure reactivation session had no
effect on memory retention, a fact that was unaltered by ANI
given into CA1 15 min before or 3 h after the reactivation event,
regardless of the intensity of the foot-shock used in the training
session or the time spent over the platform during the pure re-
activation session. To analyze whether ANI was able to block the
putative reconsolidation process when given into other brain
regions known to be involved in the consolidation of IA long-
term memory (Bernabeu et al. 1995; Bonini et al. 2003), we
trained animals in the IA task using a 0.5-mA, 2-sec foot-shock
and, either 15 min before or 3 h after a 20-sec reactivation session
carried out 24 h posttraining, infused them with ANI (80 ng/side;
0.8 pL) or vehicle into BLA or ENT. As can be seen in Figure 4,
ANI did not affect memory retention as evaluated in a test session
carried out 24 h after reactivation. Therefore, by itself, retrieval of
the avoidance response does not initiate any protein synthesis—
dependent process that is able to influence further memory re-
tention in CA1, BLA, or ENT.

Inhibition of Protein Synthesis in CAl, BLA, or ENT
Does Not Block the Increase in Memory Retention

Produced by a Retraining Session

The more powerful way to reactivate a consolidated memory is to
confront the animal with a situation identical, in principle, to
the one that originated the mnemonic trace under scrutiny. The
procedure that more closely resembles such a situation consists,
obviously, of submitting the animal to a second training session.
The reconsolidation hypothesis predicts (see Duvarci et al. 2002)
that the infusion of ANI, after a second training session, into an
area of the brain where it is able to block memory consolidation
(and reconsolidation) should render the animal totally amnesic.
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Figure 2 Memory reactivation without stepping down does not induce
extinction of the |A response. Animals trained in the IA task (0.5 mA,
2-sec) were randomly assigned to one out of four experimental groups.
The control group consisted of trained animals that were not submitted
to any other behavioral procedure until they had been tested for IA
retention. The reactivation group consisted of trained animals submitted
to daily 20-sec pure reactivation sessions for 3 days. These animals were
put on the training box platform and allowed to explore it freely. During
the 20-sec period, rats avoided stepping down to the grid. The extinction
group consisted of trained animals submitted to daily extinction sessions
for 3 days. These animals were put on the training box platform and, at
the very moment they eventually stepped down from it (no shock deliv-
ered), were removed to their home cages. The enhanced extinction
group consisted of trained animals submitted to daily enhanced extinc-
tion sessions for 3 days. These animals were put on the training box
platform and, after stepping down from it (no shock delivered), were
allowed to freely explore the training box for 30 sec. Data represent
median * interquartile of the step-down latency time in a retention test
session carried out 4 days after training. *P < 0.001 versus control group
in Dunn’s test after Kruskal-Wallis; n = 18 to 20 per group.

Step-down latency (s)

This would happen because during retraining, retrieval of the
original trace would induce its own labilization, and hence ANI
should block both reconsolidation of the memory associated
with the first trial and consolidation of the second reinforced
trial. Thus, in a different set of experiments, we trained animals
in the IA task using a 0.5-mA, 2-sec foot-shock and then, 24 h
later, submitted them to a retraining session. Fifteen minutes
before or 3 h after the second training session, animals were
infused with ANI (80 pg/side; 0.8 uL) or vehicle in CA1. Memory
retention was evaluated in a test session carried out 24 h later.
Retraining increased memory retention, but this enhancement
was not blocked by ANI given either 15 min before (Fig. 5A) or 3
h after the second training session (Fig. 5B). The same results
were obtained when the drug was administered into BLA or ENT
15 min before or 3 h after the second training session (Fig. 6).
Therefore, although consolidation of the IA trace is blocked by
ANI given 15 min before training or 3 h thereafter (Fig. 1), the
improvement in retention caused by additional training is not.

Well-Known Retrieval Enhancers Given Before a
Retention Test Session or a Pure Reactivation Session

Do Not Affect Subsequent Memory Retention
If memory reactivation had any latent effect on subsequent re-
tention resulting from an occult influence on retrieval, then re-
trieval enhancers given before a pure reactivation session should
improve further performance of the task. Moreover, because the
reconsolidation process has been postulated to be a direct con-
sequence of retrieval, one could expect that treatments able to
enhance retrieval during a reactivation session should also posi-
tively modulate the output of reconsolidation (i.e., they should
permanently strengthen the mnemonic trace).

As can be seen in Figure 7, this was not the case for IA
memory. The enhancement of memory retention induced by NA
given into CA1, BLA, or ENT was limited to the test session before
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which it was given and did not extend to a subsequent retention
test session carried out 1 day later (Fig. 7A). The same thing
happened when NA was given into CA1, BLA, or ENT before a
pure reactivation session, except that because of the design of
this procedure, the retrieval enhancement produced by this treat-
ment could not be seen during that session (Fig. 7B). Similarly,
adrenocorticotropin,_,, (ACTH), given intraperitoneally 15 min
before a retention test session, enhanced retention test perfor-
mance only in that session (Fig. 7C), and when given 15 min
before a pure reactivation session, it did not affect performance
in a retention test session carried out 1 day later (Fig. 7D).

DISCUSSION

The major finding of this study is that neither retrieval nor en-
hanced retrieval facilitate further retention test performance, and
they are not accompanied by protein synthesis—-mediated events
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Figure 3 Inhibition of protein synthesis in the CA1 region at the mo-
ment of or 3 h after a pure reactivation session does not affect an already
consolidated mnemonic trace. Animals implanted with cannulas aimed to
the CA1 region of the dorsal hippocampus were trained in the IA task
using a 0.5-mA (A) or 0.8-mA (B,(), 2-sec foot-shock and 24 h later were
submitted to a 20-sec (4,B) or 40-sec (C) pure reactivation session. Fifteen
minutes before or 3 h after that session, the animals received 0.8 pL
bilateral infusions of VEH or ANI (80 pg/side). Memory retention was
evaluated in a test session carried out 24 h postreactivation (TT2); n =12
to 15 per group.
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Figure 4 Inhibition of protein synthesis in the BLA or the ENT at the moment of or 3 h after a pure

reactivation session does not affect an already consolidated mnemonic trace. Animals implanted with
cannulas aimed to the BLA (A) or the entorhinal cortex (B) were trained in the IA task using a 0.5-mA,
2-sec foot-shock and, 24 h later, were submitted to a 20-sec pure reactivation session. Fifteen minutes
before (— 15 min) or 3 h after (+3 h) that session, the animals received 0.8 pL bilateral infusions of VEH
or ANI (80 pg/side). Memory retention was evaluated in a test session carried out 24 h postreactivation

who recently showed that inhibiting the
expression of the CR prevents its extinc-
tion. Here we show that the mere pre-
sentation of the CS (the platform) with-
out performance of the (wrong) CR (i.e.,
stepping down) does not induce extinc-
tion. It must be noted, however, that re-
trieval and extinction were measured
here merely by assessing the presence or
absence of the step-down response dur-
ing a limited period of time. Probably, if
other CRs (Hine and Paolino 1974) had
been evaluated, quantitatively different
results might have been observed. Most
papers on retrieval and extinction usually
measure just one of all the possible CRs.
There is no doubt that retrieval im-
plies the reactivation of memories that

(TT2); n=10 to 12 per group.

in CA1, BLA, or ENT that might be expected to induce reconsoli-
dation as described by Nader et al. (2000) or Nader (2003).
Reconsolidation is a process that would be able to preserve a
mnemonic trace from the labilization induced by its nonrein-
forced recall. The existence of such a process has been mainly
speculated from experiments suggesting that it would be pre-
vented by protein synthesis inhibitors given at the time of re-
trieval into areas of the brain involved in the consolidation of the
memory under scrutiny (Judge and Quartermain 1982; Nader et
al. 2000; see also Pedreira et al. 2002 and Pedreira and Maldonado
2003 for a description of this putative process in invertebrates).
Here we observed that exposure to retrieval without extinction,
facilitated or not, does not influence further retention test per-
formance either in the presence or the absence of ANI given into
the three major brain areas known to be involved in the consoli-
dation of the memory for IA task: CAl, BLA, and ENT (Camma-
rota et al. 1998, 2000; Bonini et al. 2003; Rossato et al. 2004).
By extending previous results (Quevedo et al. 1999), we
found that IA consolidation is blocked by the protein synthesis
inhibitor ANI (80 ng/side; 0.8 pL) given into dorsal CA1 15 min
before or 3 h after training. The amnesic effect of ANI was seen
regardless of the intensity of the foot-shock used as a reinforcer
and, hence, independent of the strength of the avoidance trace
(Fig. 1). Notwithstanding that, and contravening the prediction
of the reconsolidation hypothesis, when ANI was infused into
CA1, BLA, or ENT 15 min before or 3 h
after a pure reactivation session, al-
though incapable by itself of altering A
memory retention (Fig. 2), this drug pro-
duced no effect on subsequent IA perfor-
mance (Fig. 3). Interestingly, in this
study we were unable to observe the
temporary retention impairment pro-
duced by postretrieval ANI that we (Vi-
anna et al. 2001) and others (Lattal and
Abel 2004) have previously described.
The reasons for this discrepancy are not
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otherwise would have remained dor-

mant (Squire and Alvarez 1995; Mc-

Gaugh 2000) and that a variety of factors
may modify retrieval at the time of testing (see Loftus and
Palmer 1974). However, there is doubt as to whether memory
reactivation at the time of retrieval would necessarily mean re-
installment or even rekindling of the original memory, and there
is no definitive proof that this happens.

Further training is the only undisputed procedure by
which pre-existing memories may be enhanced, as happens in
multitrial tasks or, as in the case of IA, by additional CS-US
pairing. Notwithstanding that, and again contrary to what is
predicted by the reconsolidation hypothesis (see Duvarci et al.
2002), ANI infused into the CA1 region of the dorsal hippo-
campus, BLA or ENT 15 min before or 3 h after a second training
session was unable to block the enhancement of memory re-
tention produced by further training (Fig. 4), indicating that
real reconsolidation of the IA response by additional training
does not require protein synthesis in these regions. These results
could suggest, in principle, that learning the IA response twice
involves different processes than learning it once or to a higher
criterion. This matter is currently being investigated in our labo-
ratory.

Reconsolidation by retrieval testing rests mainly on the
finding that ANI given at the time of testing into BLA (Nader et
al. 2000) or CA1 (Debiec et al. 2002) or given systemically (Mile-
kic and Alberini 2002) hinders performance in subsequent reten-
tion tests. The traditional consolidation hypothesis (Miiller and
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clear, but they are probably related to

the fact that, to produce memory expres-
sion, we employed a pure retrieval pro-
cedure instead of a regular test session
that would lead to extinction.
Parenthetically, the findings pre-
sented in Figure 2 agree and supplement
those of Krupa and Thompson (2003),

Figure 5 Inhibition of protein synthesis in the CA1 region does not block the enhancement in
memory retention induced by retraining. Animals implanted with cannulas aimed to the CA1 region
of the dorsal hippocampus were trained in the IA task using a 0.5-mA, 2-sec foot-shock and, 24 h later,
were submitted to a retraining session (TT1). Fifteen minutes before (A) or 3 h after (B) that session, the
animals received 0.8 pL bilateral infusions of VEH or ANI (80 ug/side). Memory retention was evaluated
in a test session carried out 24 h after retraining (TT2). *P < 0.001 versus TT1 in Mann-Whitney test;
n =10 to 12 per group.
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Figure 6 Inhibition of protein synthesis in the BLA or the ENT does not block the enhancement in
memory retention induced by retraining. Animals implanted with cannulas aimed to the BLA (A) or the
ENT (B) were trained in the IA task using a 0.5-mA, 2-sec foot-shock and, 24 h later, were submitted
to a retraining session (TT1). Fifteen minutes before (—15 min) or 3 h after (+3 h) the second training
session, animals received 0.8 pL bilateral infusions of VEH or ANI (80 pg/side). Memory retention was
evaluated in a test session carried out 24 h after retraining (TT2). *P < 0.001 versus TT1 in Mann-

retrieval leads to a subsequent sustained
increase in retention test performance).
In this respect, the experiments shown
here constitute negative findings.

It has been suggested that perhaps a
tendency to extinction and a tendency
to reconsolidation may somehow coex-
ist, and that one may predominate over
the other, depending on the circum-
stances of testing or of the task (Nader
2003). Our experiments were unable to
detect any such tendencies, in spite of
the fact that they were designed to maxi-
mize the probability of occurrence of re-
consolidation over that of extinction, al-
though it is still possible that constraints
related to the essence of the task (con-

Whitney test; n =10 to 12 per group.

Pilzecker 1900) was viewed as a real theory (McGaugh 1966) only
after memory facilitation was described (McGaugh 2000). This
validated the retrograde amnesic effects of electroconvulsive
shock, hypoxia, head trauma, and other pre- or posttraining
treatments previously studied. The inhibitory effect of an exog-
enous treatment is not enough to sustain the reconsolidation
hypothesis, as it was not enough to sustain the original consoli-
dation hypothesis. Behavioral inhibition can be caused by a per-
formance effect or by an artifact. We suggest that further research
attempting to find positive evidence for reconsolidation needs to
be carried out (i.e., an experiment or experiments showing that

finement, as in so-called contextual fear
vs. the lack of it, as in IA) or other factors
may lead retrieval to induce reconsolida-
tion rather than the more habitual extinction process. Taken
together with previous reports from our and other laboratories,
these findings support the idea that extinction is the predomi-
nant outcome of nonreinforced retrieval, as indicated by Pavlov
(1927) and Rescorla (2001), among many others. This is of im-
portance because extinction is the basis for the treatment of men-
tal disorders associated with learned fear. The treatment has been
very successful with regard to phobias since the 1920s and, under
the umbrella terms of “exposure” or “flooding” therapies, has
been in use in the last several years for treatment of panic, post-
traumatic stress disorder, and some forms of depression linked to
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Figure 7 Retrieval enhancers do not affect memory expression beyond the test session prior to which
they were administered. Either animals implanted with cannulas aimed to the CA1 region of the dorsal
hippocampus (CA1), the BLA, or the ENT or nonimplanted animals were trained in the IA task using a
0.5-mA, 2-sec foot-shock and, 24 h after training, were submitted to a retention test session (A,C; TT1)
or to a 20-sec pure reactivation session (B,D). Fifteen minutes before those sessions, the animals
received intra-CA1, intra-BLA, or intra-ENT infusions of noradrenaline (NOR; A,B) or intraperitoneal
injections of ACTH (C,D). Memory was evaluated in a test session carried out 24 h later (TT2); that is,
48 h posttraining. *P < 0.001 versus VEH TT1 in Mann-Whitney test; n = 10 to 14 per group.
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acquired fear, with considerable success
(Beckett 2002; Rothbaum and Schwartz
2002). These disorders would fare badly
if re-presentation of a CS without the en-
suing US induced reconsolidation of
learned fear instead of extinction.

MATERIALS AND METHODS

Surgery and Drug Infusion

Three-month-old male Wistar rats (250-
280 g) raised in our own facilities were
used. They had free access to food and
water, were housed 3-5 to a cage, and
kept at 22°C under a 12-h light/dark
cycle (lights on at 7:00 a.m.). To implant
them with indwelling cannulas, rats
were deeply anesthetized with thiopen-
tal (30-50 mg/Kg, intraperitoneally) and
27-gauge cannulas stereotaxically aimed
to the pyramidal cell layer of the dorsal
CA1 region, the BLA complex, or the
ENT, using coordinates taken from the
atlas of Paxinos and Watson (1986). Ani-
mals were allowed to recover from sur-
gery for 4 d before submitting them to
any other procedure. At the time of drug
delivery, a 30-gauge infusion cannula
was tightly fitted into the guides. Infu-
sions (0.8 pL/side) were carried out over
30 sec, first on one side and then on the
other; the infusion cannulas were left in
place for 15 additional seconds to mini-
mize backflow. Cannulas placement was
verified postmortem: 2-4 h after the last
behavioral test, 0.8 uL of a 4% methy-
lene-blue solution was infused as de-
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scribed above, and the extension of the dye 30 min thereafter was
taken as indicative of the presumable diffusion of the vehicle or
drug previously given to each animal. Only data from animals
with correct cannulas implants were included in statistical analy-
ses. Intraperitoneal injections were carried out as described pre-
viously (Cammarota et al. 2003).

Drugs

ANI and noradrenaline (NA) were purchased from Sigma, and
ACTH was from ICN Pharmaceuticals. The dose of ANI that was
chosen inhibits protein synthesis in the hippocampus by more
than 85% and blocks consolidation (Quevedo et al. 1999), ex-
tinction (Vianna et al. 2001), and reinstallment of the IA re-
sponse (Cammarota et al. 2003). The doses of NA and ACTH used
here have been previously found to facilitate retrieval of this task
(Cammarota et al. 2003).

Behavioral Procedures

Rats were trained in a one-trial, step-down inhibitory avoidance
task, as described elsewhere (Cammarota et al. 1998; Bevilaqua et
al. 2003). The training apparatus was a 50 X 25 X 25-cm Plexi-
glas box with a platform that was 2.5-cm high, 8-cm wide, and
25-cm long and was on the left end of a series of bronze bars that
constituted the floor of the box. The animals were gently placed
on the platform facing the left rear corner of the training box
(CS). When they stepped down and placed their four paws on the
grid, they received a 2-secec, 0.5- or 0.8-mA scrambled shock to
the foot (US). Depending on the experiment, 24 h after training,
the rats were submitted to one out of five different behavioral
procedures, as follows.

Pure Reactivation Session

The animals were put on the training box platform for 20 or 40
s, after which they were retired from the apparatus. During
this time, they explored the platform, avoiding stepping down
from it.

Retention Test Session (Extinction Session)

The animals were put on the training box platform until they
eventually stepped down from it. No foot-shock was given. After
stepping down, animals were immediately retired from the train-
ing box.

Enhanced Extinction Session

The animals were put on the training box platform until they
eventually stepped down from it. No foot-shock was given. After
stepping down, animals were allowed to freely explore the train-
ing box during 30-sec.

Retraining Session

The animals were placed on the training box platform, and at the
very moment they stepped down, placing their four paws on the
grid, they received a 0.5-mA, 2-sec, scrambled foot-shock.
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