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ABSTRACT
Two major memory systems have been recognized over the years (Squire 1987): the declarative memory
system, which is under the control of the hippocampus and related temporal lobe structures, and the proce-
dural or habit memory system, which is under the control of the striatum and its connections. Most if not all
learning tasks studied in animals, however, involve either the performance or the suppression of movement;
this, if learned well, may be viewed as having become a habit. It is agreed that memory rules change from
their first association to those that take place when the task is mastered. Does this change of rules involve a
switch from one memory system to another? Here we will comment on: 1) reversal learning in the Morris
water maze (MWM), in which the declarative or spatial component of a task is changed but the procedural
component (to swim to safety) persists and needs to be re-linked with a different set of spatial cues; and 2) a
series of observations on an inhibitory avoidance task that indicate that the brain systems involved change
with further learning.

Key words: hippocampus, striatum, declarative memory, procedural memory, habits, learning.

INTRODUCTION Morris water maze (MWM), one-trial inhibitory (or
s passive) avoidance, and various forms of fear condi-

involve the performance or the inhibition of some tioning, all of which closely mimic human situations

form of movement in response to sensory or othePf daily life. In the three forms of learning there is
cues. Clearly, when they become well learned b>})oth a declarative component and the formation of
repetition, memories of these tasks may be viewed® habit. In the cugd version of the M(?rrls maze,
as habits. Of the various training procedures useorodents learn to swim the shortest possible distance

perhaps the most popular in the past few years are tI,}%etwe(.en the bgrders of a water tank to a hidden plat-
form hidden slightly below the surface. They learn
*Member Academia Brasileira de Ciéncias

: . this guided by pictures in the wall or other visual
Correspondence to: Ilvan Izquierdo . . ;
E-mail: izquier@terra.com.br cues external to the apparatus. This spatial version

Explicitly or implicitly, learning tasks in animal
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of the task is dependent on the hippocampus (Mornomenclature is incorrect, inasmuch as both contex-
ris et al. 1986, 2003); its hippocampal biochemicaltual and cued fears are conditioned: in the former
mechanisms have been partly identified (Riedel ethe CS is the context and in the latter it is a specific
al. 2003, Fonseca et al. 2004, Teather et al. 20053ensory stimulus.
and they differ little from those of other hippocam- Contextual fear is thought to rely heavily on
pal tasks (Izquierdo and Medina 1997). There is ahe basolateral amygdala (Schafé etal. 1999, Nader
non-spatial version of the MWM in which no ex- 2003) and so-called “conditioned” fear depends on
ternal spatial cues are presented, the animals cahe hippocampus (e.g., Gilmartin and McEchron
actually see the platform because it is slightly above2005). Evidence, however, also suggests a mostly
the water level, and the animals learn their waymodulatory role of the amygdala in the former, a
to the platform through exploration of the tank; this role of the amygdala in the encoding of sensory-
purely procedural version depends on the striatuntonditioned fear (Maren et al. 2001, Knight et al.
(Packard and McGaugh 1992, Teather et al. 2005)2005), and a role of the CAL region of the hippo-
Both water maze tasks can be modulated by theampus (Li et al. 2005) and/or of CA3 (Daumas et
basolateral amygdala (Packard et al. 1994). It musal. 2005) in contextual fear formation. The ques-
be borne in mind that even in the spatial version oftion of whether the hippocampus and the amygdala
this task there is a procedural learning embeddedplay a role in the storage of one versus another form
i.e., to swimin order to escape, which is very rapidly of fear motivated learning (contextual as opposed
acquired as a habit (Morris et al. 1986, 2003). Theto conditioned) thus remains open (see Le Doux
learning of where to escape to (the one oriented?000, Maren etal. 2001, Goosens and Maren 2003).
by the spatial cues) is declarative information thatCalandreau et al. (2005) have shown that the baso-
hinges on or is superposed upon the swimming-tolateral amygdala is selectively involved in contex-
escape knowledge. tual learning, whereas the lateral amygdala is pre-
In the inhibitory avoidance task animals learn dominantly but not exclusively involved in “elemen-
not to step down from a platform or step through atal” learning using a tone as CS. This dichotomy
door in order to avoid entering a place where theyof function within the amygdala might explain at
once received a footshock. This task relies heavilyleast some of the major discrepancies. Other data
on the dorsal hippocampus (Lorenzini et al. 1996 point to a complementary role of the amygdala and
Izquierdo and Medina 1997), where it uses a sehippocampus in appetitive (Holahan 2005) and in
guence of molecular events very remindful of thoseavoidance learning (I1zquierdo et al. 1992).
of long-term potentiation (Bernabeu et al. 1997, A recent article by McGaugh(2005) revives
Izquierdo and Medina 1995, 1997); but it also de-and perhaps bridges this problem as it suggests a
pends on the entorhinal and parietal cortex andole for enhanced amygdala activity during emo-
is intensely modulated by the basolateral nucleugional arousal within the old perseveration-consol-
of the amygdala, in all of which it uses other se-idation hypothesis. This author produced solid ev-
guences of molecular events (Izquierdo et al. 1992idence through the years for a general role of the
Lorenzini et al. 1996, Izquierdo and Medina 1997, basolateral amygdala in the modulation of emo-
Bonini et al. 2003, Rossato et al. 2004). In the feartionally-laden memories, rather than in their storage
conditioning procedures, animals learn to put their(see McGaugh 2004). Should the amygdala play a
skeletal muscles tense and avoid movement (i.e., toole in consolidation and storage in addition to that
freeze) either in response to being placed in a certainf the hippocampus, it would merit being viewed
compartment (contextual fear) or when an acoustias the center of a third memory system, separate
or other stimulus is given while they are in that com- from those governed by the hippocampus and the
partment (“conditioned fear”). Needless to say, thisstriatum (Phelps 2004). The question is of more
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than just theoretical importance, inasmuch as septo provide spatial cues. Training in the hidden plat-
arate systems could have each a pathology of itform (spatial, declarative, hippocampal) version of
own and host separate memory syndromes. So fathe MWM was carried out during 5 consecutive
amygdala lesions in humans have been shown tdays. On each day rats received 8 consecutive train-
rather selectively impair encoding and retrieval of ing trials at 30-s intervals during which the hidden
very aversive or emotion-laden memories (Adolphsplatform was kept in a constant location. A differ-
et al. 1997). This is not by itself sufficient to pos- ent starting location was used on each trial, which
tulate anything more than a modulatory role for thisconsisted of a swim followed by a 30-s platform
structure (McGaugh 2004). But this role could besit. Any rat that did not find the platform within
crucial and more necessary for some learnings tha60 s was guided to it by the experimenter. When
for others, which might explain several of the dis- the purpose of the experiment was to analyze the
crepancies (McGaugh 2004, 2005). effect of protein synthesis inhibition on the acqui-
So far, more emphasis has been placed on thsition of the MWM memory, immediately after the
dichotomies between the striatal and the hippo-eighth trial in each training day rats were dried and
campal memory systems (e.g., Packard et al. 1994noved to the injection room where they received
Korol and Kolo 2002, Canal et al. 2005, Pych etbilateral intra-CA1 infusions of anisomycin (ANI)
al. 2005, Teather et al. 2005) than on their even-or vehicle (saline) through indwelling cannulae.
tual complementary or cooperative role. Here weMemory retention was evaluated in a 60-s probe
will review two cases of linkage between the stri- trial carried out in the absence of the escape plat-
atal and the hippocampal memory systems: one reform 24 h after the last training session. To evaluate
vealed by reversal learning in the MWM, and an-the effect of ANI given after memory reactivation,
other one revealed by learning twice in a step-dowrrats were trained for 5 days as indicated above and
inhibitory avoidance paradigm. Direct anatomical 24 or 120 h after the last training trial were sub-
connections between the hippocampus and the strianitted to a probe test in the absence of the escape
tum (mainly the nucleus accumbens) have been weblatform. Immediately after that they received
studied recently; they are abundant, complex, andntra-CA1 infusions of ANI or vehicle and memory
very well systematized, suggesting various possibiltetention was evaluated in a second probe test car-
ities of interaction (Voorn et al. 2004). In addition, ried out either at 2, 24 or 120 h after the first one.
connections between striatum and hippocampus vi®n the 6th day, rats thus trained were submitted
the entorhinal and prefrontal cortex (Hyman et al.to a single session of reversal learning, consisting
1990, Christakou et al. 2004) have been also welbf eight 60-s trials in which the platform was placed

studied. in the opposite quadrant of the pool. Immediately
after the eighth reversal trial the animals received
THE CASE OF REVERSAL LEARNING IN THE intra-CAl infusions of ANI or vehicle. Memory

MORRIS WATER MAZE retention was evaluated in a probe test carried out

Rats were trained in a circular pool (200 cm diam-either at 2, 24 or 120 h after the last reversal trial.

eter) to find, by swimming, a black circular plat- In reversal learning animals must retain the pro-

form (15 cm in diameter) submerged 2 cm belowcedural aspect of the task (to swim to a place of

the water surface. The swimming path of the ratsescape) and to forget or extinguish the original de-

was recorded using a video camera mounted abovelarative aspect (to reach a certain quadrant using
the center of the pool and analyzed using a videdhe spatial cues) and replace it by a new one. This
tracking and analysis system. The water maze wageversal learning is fast, suggesting that it preserves
located in a well-lit white room with several posters part of the original mnemonic trace and accrues to
and other distal visual stimuli hanging on the wallsit information about the novel position of the plat-
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form, thus representing a situation of lability dur- reconsolidation that have been described (Milekic
ing which reconsolidation would be expected to oc-and Alberini 2002, Debiec et al. 2002, Nader 2003),
cur (Nader et al. 2000, Nader 2003, Frankland ethe reconsolidation intrinsic to reversal learning in
al. 2004, Lee et al. 2004, Izquierdo and Cammathe MWM depends on hippocampal protein synthe-
rota 2004). To analyze whether reversal learning insis, as do others that have been described (Milekic
volves reconsolidation of the original memory, ratsand Alberini 2002, Debiec et al. 2002). It differs
were trained in the MWM for 5 days (8 training from those other forms of reconsolidation concep-
sessions daily). On day 6 the escape platform wasually (it involves cutting and pasting) and opera-
moved to the opposite quadrant of the pool and theionally (its result is a new memory).

animals were given 8 training sessions to find the

platform in its new location. Immediately after that INHIBITORY AVOIDANCE LEARNING: LEARNING

they received bilateral intra-CA1 infusions of vehi- LITTLE AND LEARNING MORE

cle or ANI (160 ng/side). Memory retention was Inhibitory avoidance learning is usually carried out
evaluated in a probe test carried out at 2, 24 or 120 lin one session. The animals (rats or mice) are placed
after reversal learning. Rats that received intra-CAlin a compartment or on a platform facing a grid. Af-
vehicle normally acquired the reverse spatial prefter a usually very brief exploration of the start com-
erence but those given ANI failed to do so (t(36) partment (i.e.> 10 sec), the animals enter the grid
=3.54; p< 0.01 vs. VEH at +24h and t(20) = 2.49; compartment; as soon as they place their four paws
p< 0.05vs. VEH at +120h). Moreover, the animals on the grid they receive a footshock. If placed again
that received ANI did not show preference for the on the platform or on the safe side hours, days or
initial quadrant either, suggesting that the originalmonths later (short-, long- and remote memory, re-
memory had also been lost. Interestingly the effecspectively (Izquierdo et al. 1992), they will remain
of ANI was not seen when the animals were testedhere for several seconds or minutes. The test ses-
2 h post-training, indicating that the ANI-induced sion step-down latency depends on the intensity of
amnesia is not immediate and confirming that thisthe footshock. Using 0.4-0.5 mA, 2-sec footshock,
protein synthesis inhibitor is indeed blocking a pro-test step-down latency is usually of about 40 sec;
tracted process that controls the long-lasting stabiif the training footshock is higher (0.8-1.0 mA the
lization of the mnemonic trace. Thus, in reversalretention score is usually much higher (3 or more
learning in the MWM animals must retain a pro- min) (Quevedo et al. 2005, Cammarota et al. 2004,
cedural (and so probably striatal) memory, unlink2005). Inhibition of their natural exploratory ten-

it from an original declarative (and so probably dency to explore beyond the safe area constitutes
hippocampal) memory and link it instead to an-a conditioned avoidance response; i.e., an instru-
other declarative memory (the changed map). Thenental conditioned reflex. The platform or the safe
entire process is quick, but along its duration thecompartment may be viewed as a CS, the footshock
declarative component must be labilized (by def-is the US, and the inhibitory avoidance is the CR
inition), deleted and replaced by a new one. A re-(Izquierdo et al. 1992).

consolidation process mediates the cutting and  This task is more complex than what it looks
pasting of the two pieces of memory: the one thatlike: it has several components. One is knowledge
consists of just swimming-to-escape (procedural)about the apparatus, which can be enhanced by pre-
which persists throughout, and the one that conexposure of the animals to it one day prior to train-
sists of swimming-to-a-specific-location (declara-ing without the shock. This knowledge is part of
tive), which was changed. This cutting and past-the task and can prevent the posttraining amnesic
ing may be viewed as a form of reconsolidation ininfluence of the N-methyl-D-aspartate (NMDA) glu-
the literal sense of the word. Like other forms of tamate receptor blocker, 2-amino-5-phosphono pen-
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tanoic acid (AP5) (Izquierdo et al. 1992) given after calmodulin dependent protein kinase Il (CaMKIl).
regular training on the next day. The other majorU0126 inhibits ERK1/2 activation. H89 selectively
component is, of course, the footshock; but only ifinhibits the cAMP-dependent protein kinase (PKA).
specifically linked to the CS (Alonso et al. 2002). Two of the treatments (AP5 and anisomycin) were
A footshock out of context serves no purpose in ac-studied only by administration into the CA1 region
quisition or consolidation; but it may serve as a re-ofthe hippocampus. The effect of DNQX, AP3, var-
minder in a further test session, or may generateous protein kinase A, ERK and CaMKII inhibitors
contextual fear if carried out repeatedly and unac-given in the hippocampus is amply documented in
companied by a specific CS in a different contextseveral recent papers from our group (see lzquierdo
(Schafé et al. 1999). and Medina 1997, Bonini et al. 2003, Rossato et
We studied the effect of a variety of treatmentsal. 2004, Cammarota et al. 2005). In particular, the
given bilaterally 15 min before or 3 h after the 1st entire list of drugs mentioned above, using other
(Trl) or the 2nd (Tr2) daily training session of step- PKA inhibitors instead of H89, at the same doses
down avoidance training into the hippocampus andand at these same times of injection are well known
or the dorsal striatum of rats. Infusion volume wasto cause strong amnesia for the present task when
0.5 ul/side. Infusions lasted 30 sec on each sidegiven into CA1 (Izquierdo et al. 1992, Bernabeu et
and the cannulae were kept in place for an addial. 1997, Izquierdo and Medina 1997). All the treat-
tional 15 sec (Izquierdo et al. 1992, Izquierdo andments listed above were studied in the striatum by
Medina 1997, Cammarota et al. 2004, 2005). Soméheir administration 15 min before training sessions.
of the treatments were given at the times mentionedsome which we knew from previous papers that
before or after a single training session (Trl) andalso have effects on consolidation when given into
these animals were tested just once (T1). Other amsther brain areas 3 h after training (see references
imals received another 0.5 footshock after the Tlabove) were also studied by their infusion 3 h af-
and thus this became not only a first test but a secter training (see below). AP5 and anisomycin drugs
ond training session (Tr2). These animals were themvere amnesic for the memory of one-trial avoid-
tested again for a second time (T2). The interval beance (Tr1-T1; AP5 only at the —15 min infusion
tween sessions (Tr, T1/Tr2, and T2) was 24 h. time) regardless of whether the task was acquired
The drugs studied were AP5 (D-2-amino-5-to a low (0.5 mA footshock) or to a high criterion
phosphonepentanoate), DNQX (6,7-dinitroquino-(0.8 mA footshock). For the effect of the other
xaline-dione), AP3 (2-amino-3-phosphone penta-drugs on one-trial avoidance, see lzquierdo and
noate), DRB (6-dichloro-1-beta-d-ribofuranosyl Medina 1997, Izquierdo et al. 2002).
benzimidazole); anisomycin, KN93 (N-[2-(N-chlo- Memory consolidation of this task acquired in
rocynnamyl) - N - methylaminomethyl) phenyl]-N - one trial requires a large array of molecular events
[2-hydroxyethyl] - 4 - methoxybenzene - sulfonami- in the hippocampus (Izquierdo and Medina 1997,
de), H89 (N-[2-((p-bromocynammil)amino)ethyl]- Alonso et al. 2002, Quevedo et al. 2005, Camma-
5-isoquinolinesulfonamide) or U0126 (1,4-diami- rota et al. 2005), which include the early activa-
no-2,3-dicyano-1,4-bis[2-aminophenylthio] butadi- tion of NMDA receptors, the early (0 h) and late
ene). AP5, DNQX and AP3 are selective antago-3 h) activation of protein kinase A, and the late
nists of glutamate NMDA (N-methyl-D-aspartate), (2-3 h) activation of the ERK1/2 (Izquierdo et al.
AMPA (a-amino-3-hydroxy-5-methyl-4-isoxazole 1992, lzquierdo and Medina 1997, Bernabeu et
propionate) and metabotropic type | receptors, real. 1997, Taubenfeld et al. 1999, Cammarota et al.
spectively. DRB is an inhibitor of RNA polymerase 2000, 2005, Quevedo et al. 2005). In contrast,
Il that blocks gene expression. Anisomycin is annone of the treatments, except AP3, has any effect
inhibitor of protein synthesis. KN93 inhibits Ca2+/ on T1 when given before or after Trl in the stria-
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tum. Thus, in terms of one-trial inhibitory avoid- learned with a lower footshock. In accordance with
ance learning (Tr1-T1), learning little (0.5 mA foot- this, here we found that AP5 or anisomycin given
shock) or learning more (0.8 mA footshock) de- into the striatum 15 min before a Trl with 0.8 mA
pends mainly on the hippocampus, but marginallyhave no effect on memory, which is in contrast to
on the striatum; although the striatum does registhe strong amnesic effect that these drugs have
ter Trl through glutamate type | metabotropic re-when given into CA1. Training with a 0.8 mA foot-
ceptors. In addition, a number of other receptorsshock takes retention scores to levels similar to
for modulatory neurotransmitters (dopamine, serothose obtained with two 0.5 mA sessions. There-
tonin, and acetylcholine) in the striatum play a rolefore, the striatum controls consolidation of learn-
in Trl when this involves, like here, a mild foot- ing twice, but not that of simply learning more in
shock; but not when it involves a strong footshockjust one session. And it does so through mechan-
(Prado-Alcala et al. 2003a, b). The modulatory na-isms involving glutamatergic NMDA and AMPA re-
ture of these effects is strongly suggested by theeptors, CaMKIl, PKA, ERK, gene expression and
fact intra-striatal AP5 and anisomycin, which selec-protein synthesis, like many other forms of memory
tively block crucial steps of memory consolidation (Izquierdo and Medina 1997). As happens in the
in many systems (lzquierdo and Medina 1997) dohippocampus with Trl (Bevilaqua et al. 2005), the
not affect the consolidation of Trl, regardless ofrole of CaMKIl appears more important for consol-
whether it is obtained using a mild or a strong foot-idation in the striatum at the time of Tr2 than 3 h
shock. later, whereas the role of PKA or the ERK1/2 path-

way is manifested both at the time of training and
INHIBITORY AVOIDANCE LEARNING: 3 h later.
LEARNING TWICE

Our findings indicate that the striatum, unlike the FINAL COMMENTS

hippocampus, amygdala or entorhinal cortex (Cam-The present article reviews two instances of very
marota et al. 2004), plays a key role in the sec-well known learning commonly studied in many
ond round of consolidation brought about by Tr2, laboratories all over the world and highly repre-
by which retention score rise from 30-50 sec in T1sentative of a large spectrum of human learnings
to 100 sec or more in T2. This rise is blocked by which were shown to use both the hippocampal and
all the drugs tested given 15 min before or 3 h af-the striatal memory systems. In reversal learning in
ter Tr2, except AP3. For this role in the consolida-the MWM the animals must re-link the procedural
tion of Tr2, the striatum requires the same molecular(presumably striatal) component of the task with a
systems that are required by the hippocampus in omew declarative set of stimuli (spatial and therefore
der to consolidate Tr1: NMDA and AMPA (but not presumably hippocampal). In inhibitory avoidance,
metabotropic) glutamate receptors, CaMKIl, PKA, exposing the animals to a second training session
and ERK1/2. Thus, for inhibitory avoidance in the moves the consolidation process away from the
rat, learning twice is different from learning little hippocampus and into the striatum, at the time when
and learning more in one session. the conditioned response may be viewed as having
Is the striatum involved just in learning to a become a habit. Therefore, our findings endorse the
higher criterion or is it the site of a second round of view that the borders between memory systems are
consolidation triggered by Tr2? Prado-Alcald andnot so clear that tasks or forms of learning may be
his coworkers have indicated that one-trial avoid-defined as just “declarative” or “procedural”, or as
ance learned with a 0.8-1.0 mA footshock is notjust “hippocampal” or “striatal”. Two very different
sensitive to a large variety of manipulations in theand widely used learning tasks can be all of those
striatum which affect the consolidation of tasks things; if not at the same time, at least sequentially.
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So, in human pathology, one might expect duali-  material following bilateral amygdala damage in hu-

ties concerning the disruptions of memory thatmay = mans. Learn Mem 4: 291-300.

result from lesion of either the medial temporal and ALonso M, VioLA H, 1ZQUIERDO | AND MEDINA

the caudate-putamen or both. This might explain ~ JH. 2002. Aversive experiences are associated with
why in Parkinson’s disease there may occur an @ rapid and transient activation of ERKs in the rat

amnestic syndrome that is remindful of temporal ~ NiPPocampus. Neurobiol Learn Mem 77: 119-124.

lobe amnesias, and why in, say, Alzheimer’s diseaseBERNABEU R, BEVILAQUA L, ARDENGHI P, BROM-

there may be disruptions of forms of memory usu- ~ BERGE, SCHMITZ P, BIANCHIN M, 1ZQUIERDO |
ally considered to be procedural AND MEDINA JH. 1997. Involvement of hippocam-

pal D1/D5 receptor-cAMP signaling pathways in
late memory consolidatioRroc Natl Acad Sci USA
94: 7041-7046.

Ao longo dos anos, tém-se identificado dois sistemasgeyi .aoua LR, MEDINA JH, IZQUIERDO | AND
principais de memoria (Squire 1992): o sistema das me-  CAMMAROTA M. 2005. Memory consolidation in-
mérias declarativas, que esté sob o controle do hipocampo  ducesN-methyl-D-aspartic acid-receptor- and €4

e estruturas relacionadas do lobo temporal e o sistema calmodulin-dependent protein kinase Il-dependent
das memorias procedimentais ou memérias para habitos, Modifications inx-amino-3-hydroxy-5-methylisoxa-
que esta sob controle do corpo estriado e suas conexdes. Z0€-4-propionic acid receptor properties. Neuro-
Porém, quase todas as tarefas de aprendizado utilizadas science 136: 397-403.

para estudar a formag¢do de memodrias em animais en-BON'NI JS, FODRIGUES L, KERR DS, BEVILAQUA
LR, CAMMAROTA M AND |zZQUIERDO |. 20083.

AMPA/kainate and group-I metabotropic receptor

RESUMO

volvem a realizacdo ou a supressao de movimentos e, se

bem aprendidas poderia interpretar-se que essas memo- antagonists infused into different brain areas impair

rias se converteram em um habito. Sabe-se que 0S Pro- ey formation of inhibitory avoidance in rats.
cessos envolvidos na formagdo de memorias mudam na  genay Pharmacol 14: 161—166.

medida em que a associacdo original torna-se fortalecidac o ANpREAU L, DESMEDTA, DECORTEL AND JAF-
através do treinamento. Serd que esta mudanca também parp R. 2005. A different recruitment of the lat-
envolve a passagem de um sistema de memdria para ou- eral and basolateral amygdala promotes contextual or
tro? Aqui nds iremos comentar a respeito 1) do apren-  elemental conditioned association in Pavlovian fear

dizado reverso na tarefa do labirinto aquatico de Morris ~ conditioning. Learn Mem 12: 383-388.

(LAM), na qual o componente declarativo da tarefa muda, CAMMAROTA M, BEVILAUA LR, ARDENGHI P, FaA-
RATCHA G, LEVI DE, STEN M, 1ZQUIERDO| AND

MEDINA JH. 2000. Learning-associated activation
of nuclear MAPK, CREB and Elk-1, along with Fos
production, in the rat hippocampus after a one-trial
avoidance learning: abolition by NMDA receptor

blockade. Mol Brain Res 76: 36—46.
no processamento mnemaoénico mudam na medida em AU\ MIMAROTA M BEVILAQUA LR, MEDINA JH AND

mas o componente procedimental (nadar para um lugar
seguro) persiste e precisa ser re-associado a um grupo
distinto de dicas espaciais e 2) a respeito de uma série
de observacdes relacionadas com a tarefa de esquiva in-
ibitéria que indicam que os sistemas neurais envolvidos

o aprendizado original é reforcado. IZQUIERDO |. 2004. Retrieval does not induce
Palavras-chave: hipocampo, corpo estriado, memaria reconsolidation of inhibitory avoidance memory.
declarativa, memoria procedimental, habitos, aprendi- ~L€arn Mem11: 572-578.

zado. CAMMAROTA M, BEVILAQUA LR, KOHLER C,

MEDINA JH AND |ZQUIERDO I. 2005. Learning
twice is different from learning once or from learning
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