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Central cholinergic system is critically involved in all known memory processes. Endogenous acetylcho-
line release by cholinergic neurons is necessary for modulation of acquisition, encoding, consolidation,
reconsolidation, extinction, retrieval and expression. Experiments from our laboratory are mainly focused
on elucidating the mechanisms by which acetylcholine modulates memory processes. Blockade of
hippocampal alpha-7-nicotinic receptors (a7-nAChRs) with the antagonist methyllycaconitine impairs
memory reconsolidation. However, the administration of a a7-nAChR agonist (choline) produce a para-
doxical modulation, causing memory enhancement in mice trained with a weak footshock, but memory
impairment in animals trained with a strong footshock. All these effects are long-lasting, and depend on
the age of the memory trace. This review summarizes and discusses some of our recent findings, partic-
ularly regarding the involvement of a7-nAChRs on memory reconsolidation.
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1. Introduction

Memory is the ability to recall past experiences defining our
identity (Dudai, 2004). When a new learning occurs, depending
on several conditions and factors, the acquired information could
be stored for later retrieval (McGaugh, 1966, 2000). A successful
retrieval and the behavioral expression of a memory suggest that
the information was stored (Cahill et al., 2001); however, the oppo-
site is not always true and several caveats remain, as we shall com-
ment later (Blake et al., 2012; Caffaro et al., 2012). Initially, new
memories are vulnerable and sensitive to disruption but progres-
sively strengthened over time (McGaugh, 1966, 2000). The process
by which memory is initially stored is termed memory consolida-
tion (McGaugh, 2000). Once memory is stored it could be retrieved
and then, by decision making processes, could take control of the
behavior (memory expression) (Blake et al., 2012). As there is no
way for measuring learning or memory directly, we are only able
to infer it from behavior, and so an operational definition of mem-
ory is determined by a change in the behavior as a consequence of
a learning experience (Cahill et al., 2001).

Traditionally it had been accepted that once memory consolida-
tion is completed memory becomes permanent (Squire and Davis,
1981). However, several studies have also shown that when a well-
stabilized memory is reactivated (recalled) it again becomes
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sensitive to most of the treatments that could have affected mem-
ory consolidation when given after training. This new period of
sensitivity was named memory reconsolidation (Lewis, 1979, p.
197; Przybyslawski et al., 1999). This process shares many features
with memory consolidation, although they are not identical
(Alberini et al., 2006; Lee et al., 2004; Taubenfeld et al., 2001;
Tronson and Taylor, 2007), serving as a mechanism to reformulate
memories in order to respond to similar environmental retrieval
situations. The modifications occurring after memory retrieval
gives memory an outstanding malleability; still ‘‘all that glitters
is not gold’’ since memory changes through reactivation could ren-
der memory unreliable (see false memories) (Laney and Loftus,
2005; Loftus and Davis, 2006).

The particular emphasis of the review concerns some studies
carried out in our laboratory regarding the neuropharmacology
of memory consolidation and reconsolidation. We will consider
particularly the involvement of central cholinergic mechanisms
in an inhibitory avoidance (IA) task.
2. Memory consolidation, reconsolidation, and extinction.
Methodological considerations

During a training session, a conditioned stimulus (CS) and an
unconditioned stimulus (US) are presented sequentially, so the indi-
vidual learns that the CS is followed by the US. Many tasks require
the subject to be repeatedly exposed to CS–US pairings for establish-
ing the association. The one-trial step-through IA task has the advan-
tage of being learned in a brief single session, and has been a standard
method for studying memory consolidation in rodents (rats and
mice) (Gold, 1986). This is an operant conditioning procedure in
which the animal associates entering into a dark compartment
(CS) with receiving a footshock (US). During the retention test, the
animal displays a conditioned response: it avoids the punishment
(the footshock) by inhibiting its natural behavioral response (inhib-
iting entering the dark compartment). The latency of entrance into
the dark compartment is taken as an indication of memory: the
longer the latency, the stronger this memory to control the behavior.
Pharmacological and non-pharmacological interventions at differ-
ent time-points before or after the training session are commonly
used in the study of memory consolidation (McGaugh, 2000).
Post-training treatment serves as a useful tool to study memory con-
solidation without influencing acquisition, and reveals the time-
dependent participation of neural system and cellular processes
involved in lasting memories (McGaugh, 2000).

The study of memory consolidation seems to be of illusory eas-
iness, but is actually extremely complex and many points are still
elusive. This complexity is even greater when studying memory
reconsolidation, plenty of drawbacks and obstacles. To evidence
reconsolidation, memory must be previously destabilized during
a reactivation session, which is performed presenting the CS not
followed by the US (Misanin et al., 1968; Nader et al., 2000). Since
no repetition of CS–US pairing was presented during the memory
reactivation session, the subject is now exposed to a different
information which should lead to store a new memory in which
the CS is not followed by the US (that is, entering the dark compart-
ment is not followed by the footshock). In the IA task, it would be
observed as an animal entering the dark compartment increasingly
faster (shortening the latency to step-through). This progressive
reduction of the conditioned response due to repeated presenta-
tion of the CS in the absence of the US is known as memory
extinction (Myers and Davis, 2002). Memory extinction can be
modulated by interventional treatments: if this process is
enhanced, the reduction of the conditioned response is faster, but
if impaired, the animal is expected to behave not reducing the
conditioned response.
In a typical reconsolidation study, manipulations (by the use of
pharmacological and non-pharmacological interventions) are per-
formed immediately after the reactivation session, and memory
is again evaluated in subsequent tests (Baratti et al., 2009; Blake
et al., 2013; Tronson and Taylor, 2007). If reconsolidation is
impaired, the conditioned response is absent (or decreased), but
if reconsolidation is improved, the conditioned response should
increase.

Learning to fear threats in the environment is highly adaptive; it
allows the experimental subjects to anticipate and organize their
behavior in response to different situations (Bolles, 1970;
Fanselow and Lester, 1988). However this form of learning may
also lead to pathological memories, such as panic disorder and
post-traumatic stress disorders in humans (Bouton et al., 2001).
These pathological memories could be altered either reducing its
expression by extinction procedures, such as exposure therapy
(Bouton, 1988), or by interfering immediately after its retrieval,
affecting memory reconsolidation processes (Misanin et al., 1968;
Nader et al., 2000). Unfortunately, the behavioral results obtained
using extinction procedures are transient (Myers and Davis,
2002). On the other hand, many authors have found that post-
retrieval manipulations yield a non-recoverable loss of perfor-
mance, suggesting that destabilized memory traces vanished
(Boccia et al., 2006, 2004; Nader et al., 2000). However, others have
found that performance impairments after these manipulations are
transient, suggesting that temporary retrieval failures, rather than
disruption of the memory trace underlie the effects on post-
retrieval manipulations of memory (Lattal and Abel, 2004; Power
et al., 2006).

There are also several boundary conditions regarding memory
reconsolidation: strength of the US used during training (Boccia
et al., 2004; Suzuki et al., 2004), the age of the memory (Boccia
et al., 2006; Milekic and Alberini, 2002), the structure of the remin-
der: duration of the CS (Pedreira and Maldonado, 2003), mismatch
between what is expected and what actually happens (Pedreira
et al., 2004).
3. The neverending discussion: impaired reconsolidation or
enhanced extinction?

Thus, when a subject is exposed to a reactivation session, this
reactivation triggers at least one of two memory processes: recon-
solidation and/or extinction. For example, if a treatment is admin-
istered immediately after the reactivation session, and in the next
test the animal shows impaired memory, the result might be inter-
preted either as due to impairment of memory reconsolidation or
to enhanced memory extinction. Extinction and reconsolidation
are mostly treated as mutually exclusive, employing manipula-
tions aimed to affect one or the other; however, almost every result
might still be interpreted as a consequence of any of both pro-
cesses being modulated. The discussion regarding what process is
affected as a consequence of an interventional treatment might
be endless, and to determine whether the change in the perfor-
mance could be attributable to specific effects of the manipulation
on memory reconsolidation or on memory extinction, a careful
behavioral and interventional protocol must be designed, and dif-
ferent controls must be carried out.

To consider that a treatment is affecting memory reconsolida-
tion, the intervention should be ineffective in the absence of the
reactivation session and a time-dependent window of susceptibil-
ity should be observed, as well as the specificity for previously
trained stimuli or context (Tronson and Taylor, 2007).

Regarding the IA task, the strength of the footshock employed
during training is considered determinant for studying whether
the manipulation affects memory reconsolidation or memory
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extinction (Boccia et al., 2004, 2005, 2006; Duran-Arevalo et al.,
1990). As an animal trained with a weak footshock frequently
enter the dark compartment in about 120 s during the reactivation
session, this training condition allows memory to be either
enhanced or impaired, and favors the development of extinction
processes. On the other hand, animals trained with a strong foot-
shock do not enter into the dark compartment during the reactiva-
tion session, thus impairing – or at least limiting – the
development of extinction phenomena (Blake et al., 2012; Boccia
et al., 2003, 2004, 2005, 2006, 2010); so, the use of a strong foot-
shock favors the observation of impairing effects of interventions.
Control over-reinforced mice (those trained with a strong foot-
shock) can really extinguish their avoidance memory, but need
several successive extinction trials, and show spontaneous recov-
ery (Baratti et al., 2008). Furthermore, once extinction is fully
developed, the avoidance behavior can be reinstated by using a
saving protocol (Bouton, 2004; Rescorla, 2004). The fact that ani-
mals do not enter the dark compartment in the reactivation ses-
sion, but enter after several sessions, suggests that extinction
processes can develop despite mice stay away of the dark chamber.
It could be also indicating that the conditioned stimulus is more
complex than just entering the dark chamber, and different infor-
mation provided by the environment could be actually influencing
animal performance.

Despite the apparent simplicity of the previous description,
extinction and reconsolidation are very complex processes consist-
ing of interacting molecular substrates, cellular mechanisms and
neuronal circuits. At the molecular level, the activation profile of
CREB is different following short or longer memory reactivation
sessions (probably triggering reconsolidation and extinction
respectively). In a contextual fear conditioning, CREB-mediated
gene expression is induced in the hippocampus after a short reac-
tivation session, but not after a longer one, suggesting that during
prolonged re-exposures to CS this induction is not produced
(Mamiya et al., 2009). The opposite profile can be observed in
the prefrontal cortex, where longer reactivation sessions increase
CREB activation 30 min after the end of the re-exposure, but this
effect is not observed after a short reactivation period (Mamiya
et al., 2009). A differential profile of CREB activation was also
described in the amygdala. These results could be indicating that
when reconsolidation is triggered, CREB is selectively activated in
the hippocampus, but when extinction is occurring, CREB activa-
tion is produced in the prefrontal cortex. Interestingly, the activa-
tion profile of CREB in the hippocampus is very similar to
activation of NF-jB. This transcription factor is activated after brief
re-exposures, but not after longer ones. It was proposed that a
molecular switch between reconsolidation and extinction pro-
cesses is the protein calcineurin, which would trigger memory
extinction through upstream negative regulation of NF-jB in the
hippocampus (de la Fuente et al., 2011).
4. The other issue: is there a storage failure?

At this point we might ask whether a treatment after a reactiva-
tion session inducing memory impairment could be attributed
either to a failure in storage or any other process involved (mem-
ory retrieval or memory expression). In order to tackle this ques-
tion, four behavioral protocols can be used to evidence memory
recovery: (1) spontaneous recovery, (2) saving, (3) renewal, (4)
reinstatement (Myers and Davis, 2002). Accordingly, lack of rever-
sal of amnesia could support storage deficit interpretations, similar
to the type of deficit assumed to occur after consolidation block-
ade. In contrast, reversibility of amnesia favors retrieval or expres-
sion deficit interpretations (Dudai and Eisenberg, 2004). In our
interpretation, ‘‘memory expression deficit’’ is different from
‘‘memory retrieval deficit’’ (Blake et al., 2013). Memory retrieval
is the access, selection, reactivation or reconstruction of an internal
representation (Dudai, 2002), but memory expression means this
internal representation effectively taking control of behavior
(Izquierdo and Medina, 1993).
5. Memory consolidation and reconsolidation: the cholinergic
system

It is well known that endogenous Ach release is necessary for
long-term memory (LTM) consolidation (Power et al., 2003). In this
sense, post-training inhibition of Ach synthesis by hemicholinium-
3 (HC-3), a specific inhibitor of high-affinity choline uptake (HACU)
(Gardiner, 1961), leads to memory impairment in a one-trial step-
through IA task in mice (Boccia et al., 2004). It is worth pointing
out that the effects of HC-3 on HACU were transient, but the mem-
ory impairment was long-lasting: the HACU in the hippocampus of
the HC-3-treated mice, that was reduced 50% 60 min after HC-3
infusion, was recovered at the time of the retention test (per-
formed 2 or 7 days after training), despite the animals showed
impaired memory. This apparent dissociation between neuro-
chemistry and behavior suggests that the effects of HC-3 are prob-
ably not directly exerted on memory retrieval, and indicates that
HACU inhibition took place at early stages of memory consolida-
tion (Boccia et al., 2004). These results are in concordance with
experimental and clinical evidence suggesting that brain Ach plays
an essential role in mnemonic phenomena (Decker and McGaugh,
1991; Power et al., 2003).

Similarly, HC-3 also impairs memory reconsolidation. The icv
administration of HC-3 immediately after memory reactivation
produced a deleterious effect on retention which was not observed
if memory reactivation was omitted. These results suggest that the
impaired retention could not be attributed to a non-specific effect
of the pharmacological treatment (Boccia et al., 2004). HC-3 was
effective only when the time-interval between training and the
first test (memory reactivation) was among 2 and 7 days and was
no longer seen afterwards (14–30 days). The older the memory,
the less effective the disruption of Ach synthesis on memory recon-
solidation of an IA task in mice (Boccia et al., 2006). No spontane-
ous recovery of the HC-3 impaired memory was observed (Boccia
et al., 2004).

Since HC-3 blocks choline uptake, the rate-limiting step in ace-
tylcholine (Ach) synthesis, we further investigated which Ach
receptor was involved in the memory disrupting effect of HC-3.
Acetylcholine stimulates both muscarinic and nicotinic cholinergic
receptors. Nicotinic receptors (nAchR) are ligand-gated ion chan-
nels whose activation always cause a rapid increase in cellular per-
meability to Na+ and Ca2+, and consequently depolarization and
excitation (Albuquerque et al., 2009). By contrast, muscarinic
receptors (mAchR) are G protein-coupled receptors, the responses
to their activation are slower, and they may be either excitatory or
inhibitory (Eglen, 2005; Langmead et al., 2008). Both types of
receptors are known to participate in encoding and retrieval, but
their participation on post-retrieval memory processes has begun
to be elucidated (Boccia et al., 2010; Buckingham et al., 2009;
Power et al., 2003).

The nAchRs are composed of five homologous subunits orga-
nized around a central pore and are further divided in two groups:
muscle type and neuronal type. Neuronal nAchRs are widely
expressed in peripheral ganglia, the adrenal medulla, numerous
areas of the brain and non-neuronal cells (Albuquerque et al.,
2009). Nicotinic receptors have homo or heteropentameric struc-
ture and have been implicated in several physiological functions,
among them learning and memory (Levin et al., 2006), and in
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several disorders (neuromuscular and neurodegenerative) (Taly
et al., 2009).

To date, for the neuronal nicotinic receptor, 12 genes have been
identified: nine a (a2–a10) and three b (b2–b4). The different neu-
ronal nAChR subunits combine in various permutations to form
functional receptors. Of the many possible subtypes of nAChRs that
have previously been described, the a7 and the a4b2 receptors are
the two main subtypes widely expressed in the brain, particularly
in the hippocampus (Albuquerque et al., 2009), and have been
implicated in several nervous system disorders such as Alzheimer’s
disease (AD), schizophrenia, depression, attention deficit hyperac-
tivity disorder and tobacco addiction (Taly et al., 2009).

The hippocampus has a key role in the consolidation of many
forms of memory, including IA and maze tasks (Izquierdo et al.,
2002). Intra-hippocampal administration of nicotine enhances
working memory (Felix and Levin, 1997; Levin et al., 2006); while
nAChR antagonists, such as dihydro-b-erythroidine (DHE) (Felix
and Levin, 1997; Levin et al., 2002) and mecamylamine (Ohno
et al., 1993) impair it. Nicotinic receptor in the CA1 region of the hip-
pocampus has been involved in short- and long-term memory con-
solidation, and in retrieval processes of an IA response in rats, giving
support to the hypothesis of a modulatory role of nAchRs in differ-
ent types of memories and, also, in different phases of memory (con-
solidation and retrieval of LTM) (Martí Barros et al., 2004).

Several markers of cholinergic activity are reduced in AD (both
pre- and post-synaptic) (Quirion, 1993). In particular, cholinergic
nicotinic receptors were found to be reduced in 30–40%, mainly
due to reduction of the a4b2 subtype, with relative preservation
of the a7-nicotinic receptors (Court et al., 2001; Perry et al.,
1995). For this reason, a7-nAChRs appear as a promising pharma-
cological target for treatment.

In this sense, if a a7-nAchR agonist (choline, Ch) is given in the
mouse hippocampus immediately after training, memory of the IA
task is improved. This effect was time-dependent and seemed to be
specific. On the other hand, a a7-nAchR antagonist (methyllyca-
conitine, MLA) produces memory impairment. These results sug-
gest that a7-nAchR receptors are involved in memory
consolidation of an IA task in mice (Krawczyk, 2012).

If the a7-nAChR antagonist MLA is given immediately after
memory reactivation, memory reconsolidation is impaired in mice
trained either with a mild or a high footshock (Boccia et al., 2010).
Lack of spontaneous recovery suggests that MLA effects were long
lasting (Rescorla, 2004). Besides, when the a7-nAChR agonist Ch is
given immediately after the reactivation session, its effects depend
on the strength of the unconditioned stimulus used during the
training trial. If mice were trained using a weak footshock, memory
was improved by the administration of Ch, but if mice were trained
with the strong footshock, the avoidance memory was impaired
(Boccia et al., 2010). These apparently contradictory effects of Ch,
when administered immediately after reactivation, on retention
performance depending on the training conditions are very similar
to those reported by Gold and van Buskirk (1976), despite the
methodological differences. In that case, they administered a dose
of epinephrine after the training session instead of the reactivation
one, observing enhanced retention performance after a low-foot-
shock training or amnesia if administered after high-footshock
training. Our results are very similar, but in our case Ch was
administered immediately after retrieval. Hence post-retrieval
treatments could have important roles in modulating memory pro-
cesses occurring after retrieval that appear to be very similar,
though not identical, to that occurring after learning.

Additionally, we recently found that intrahippocampal injection
of the non selective muscarinic agonist, oxotremorine, immediately
after memory reactivation, either impaired or enhanced memory
reconsolidation depending on the training conditions. These effects
were prevented by the intrahippocampal co-administration of
scopolamine (SCP), a non selective muscarinic antagonist suggest-
ing a potential involvement of muscarinic receptor signaling on
memory reconsolidation (unpublished data). It was reported that
scopolamine did not impair memory of a contextual fear condition-
ing in rats when given after retrieval (Bucherelli et al., 2006). How-
ever, our results support recent findings, which indicated that
memory reconsolidation of morphine-conditioned place preference
is disrupted by scopolamine (Zhai et al., 2008).

Altogether, these results suggest that either impairment or
enhancement of retention induced by post-retrieval administra-
tion of either, Ch or MLA, could not be attributed to non-specific
influences on performance (Milekic and Alberini, 2002; Nader
et al., 2000; Tronson et al., 2006).

Despite Ch participates as a precursor of acetylcholine synthe-
sis, and may modify cholinergic activity in different ways, the
effects of post-reactivation administration of Ch on memory are
likely due to its binding to the a7-nAChRs, since its effect is com-
pletely blocked by the co-administration of the specific a7-nAChRs
antagonist MLA (Boccia et al., 2010).

The modulatory effects of Ch on post-retrieval memory processes
also depend on the age of the reactivated memory (Baratti et al.,
2008; Boccia et al., 2006; Milekic and Alberini, 2002). Young reacti-
vated memories are more sensitive to modulation than older mem-
ories (Alberini, 2005), in accordance with Ribot’s law (Ribot, 1906).
This fact was clearly demonstrated for protein synthesis inhibitors
such as anisomycin or cycloheximide (Alberini, 2005; Milekic and
Alberini, 2002). Age-dependence was also demonstrated for the ace-
tylcholine synthesis inhibitor hemicholinium-3 (Boccia et al., 2006).
Similarly, recent memories were very sensitive to the effects of Ch,
but older ones were more resistant. Recent published data from
our laboratory showed evidence that recent memories (2–7 days
old) are labile but remote ones (14–21 days old) become progres-
sively insensitive to Ch administration (Blake et al., 2012).

Several observations suggest that the hippocampus contributes
to consolidation of memories over long periods (McGaugh and
Izquierdo, 2000). Hence, information processing depends on hippo-
campal function, but the temporal dependence is different among
species. Hippocampal lesions in mice cause retrograde amnesia for
events occurring a few hours prior to the damage (McGaugh and
Izquierdo, 2000). On the contrary, hippocampal lesions in human
beings produce retrograde amnesia of several years (Corkin,
2002; Squire and Wixted, 2011). This difference shows that hippo-
campal processing of information is more prolonged in humans
than in mice. For many events, the elapsed time in mice life is very
shorter than the same in humans (Flurkey et al., 2007). Therefore,
the period of 7 days within which a memory is very susceptible to
enhancement by post-reactivation administration of Ch in mice
may represent several years in humans.

However, other factors apart from the age of the memory, might
contribute to memory destabilization. In this sense, anisomycin
given to mice before a 3 min CS re-exposure using a contextual fear
conditioning, impaired reconsolidation of 1- and 3-week-old mem-
ories but not 8-week-old ones. However, increasing the duration of
the re-exposure period to 10 min made 8-week-old memories sus-
ceptible to disruption by the protein synthesis inhibitor (Suzuki
et al., 2004). These findings support the notion of a temporal gradi-
ent in the activation of reconsolidation processes; however these
older memories are still susceptible to reconsolidation with adjust-
ments to the reactivation parameters. Thus, it is easier to destabi-
lize younger memories than older; however these older memories
could be destabilized with greater re-exposure periods.

Post-training administration of atropine, a central muscarinic
antagonist, completely prevented the facilitatory effects of the cen-
tral b2 adrenoreceptor agonist, clenbuterol (Introini-Collison and
Baratti, 1992). These findings suggest a possible interaction
between central adrenergic and cholinergic mechanisms on mem-
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ory consolidation of an IA response in mice. b-adrenergic signaling
in the lateral amygdala was also implicated in memory consolida-
tion (Introini-Collison et al., 1991) and reconsolidation (Debiec and
Ledoux, 2004). A well consolidated auditory fear memory follow-
ing single memory retrieval was susceptible to modulation
through interference or enhancement with propranolol or isopro-
terenol respectively (Debiec and Ledoux, 2004, p. 2011; Dębiec
et al., 2011).

Recently we reported evidence of recovery from scopolamine-
induced memory impairment produced by post-retrieval memory
enhancement by Ch. This recovery depended on memory reactiva-
tion, and only occurred if the treatment was administered within a
temporal window. Besides, to provide compelling evidence that Ch
acts specifically on the mechanisms mediating memory reconsoli-
dation, as opposed to producing nonspecific effects, it is necessary
to show that the change does not occur shortly after retrieval, but
is observed later (Boccia et al., 2007; Nader et al., 2000). Along this
line, Ch effects were observed only in the test performed 24 h and
not 1 h after its administration (immediately after memory reacti-
vation) (Blake et al., 2012).

All these facts suggest that the effects of Ch were exerted on
memory reconsolidation.

Reconsolidation memory process is mostly revealed by its
absence. Typically, when amnesia for a memory that is one or more
days old is induced in a manner that is dependent upon reactivation
of that memory through retrieval, reconsolidation is said to have
been impaired (Dudai, 2004; Nader et al., 2000). However, as men-
tioned, experimental treatments targeting memory reconsolidation
can also result in subsequent improvements (Blaiss and Janak,
2006; Tronson et al., 2006). Moreover, the ability to improve a
memory through post-retrieval processing suggests a potentially
adaptive function for the reconsolidation process. Rather than sim-
ply being a process that restabilizes a memory following its retrie-
val, it represents a special state, providing an opportunity for
renewed memory plasticity and modulation (Dudai, 2004, 2007).
Memory reconsolidation could also be enhanced by naturalistic
phenomena such as water deprivation (Frenkel et al., 2005; Sierra
et al., 2013) and the administration of glucose (Rodriguez et al.,
1999). Therefore, the capability to modify (e.g. strengthen) a previ-
ously acquired memory in a potentially adaptive manner is not lim-
ited to exogenous pharmacological treatment but is likely to be
relevant to naturalistic situations of memory updating.

We can speculate that post-retrieval treatments have important
roles in modulating memory processes occurring after retrieval
and seem to be very similar, though not identical, to that occurring
after learning.

Therefore, memory reconsolidation processes allow not only
memory updating but might also serve to change the strength with
which memory is able to guide behavior (memory expression) in
later tests, among other functions.
6. Concluding remarks

We provided evidence of the importance and critical participa-
tion of central cholinergic mechanisms on memory consolidation
and with particular emphasis on reconsolidation in mice. Transla-
tional applications of these results are far beyond the scope of this
review. However, the use of reconsolidation-disrupting drugs is
applicable in the treatment of the maladaptive memories that sub-
serve drug addiction and post-traumatic stress disorders. Moreover,
recent work from our lab support the hypothesis that modulation of
memory reconsolidation may be a useful strategy for recovery from
pharmacological- and non-pharmacological-induced amnesias,
opening new avenues regarding the significance and the physiolog-
ical function of memory reconsolidation.
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