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Memory traces unbound
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The idea that new memories are initially ‘labile’ and
sensitive to disruption before becoming permanently
stored in the wiring of the brain has been dogma for
> 100 years. Recently, we have revisited the hypothesis
that reactivation of a consolidated memory can return it
to a labile, sensitive state – in which it can be modiﬁed,
strengthened, changed or even erased! The data generated from some of the best-described paradigms in
memory research, in conjunction with powerful neurobiological technologies, have provided striking support
for a very dynamic neurobiological basis of memory,
which is beginning to overturn the old dogma.
For . 100 years, generations of behavioural paradigms
and technologies have been used to address questions
about the mechanisms that mediate learning and memory
[1 – 3]. Repeatedly, evidence has been found to suggest that
the properties of the memory trace change in a timedependent manner, such that new memories are initially
in a dynamic ‘labile’ form for a short time [short-term
memory (STM)], after which the memory trace is ‘ﬁxed’ or
‘consolidated’ into the physical structure of the brain [longterm memory (LTM)] [4 – 6]. For example, electroconvulsive shock (ECS) is effective in inducing amnesia if
presented shortly after training (during STM) but not if
given a few hours later (during LTM) [7]. Time-dependent
effects such as these are the cornerstone of memory
consolidation theory (now called cellular consolidation
theory [8]). During the past 40 years, incredible efforts
have been made to describe across all levels of analysis
the processes that contribute to the transformation of a
trace from being labile to being ﬁxed [9,10]. Of note is
the ﬁnding that the transcription factor Ca2þ-responseelement-binding protein (CREB), transcription and translation all seem to be universal neuronal requirements for
traces to enter LTM [11– 15] (Fig. 1a).
Early studies on reconsolidation
In 1968, the view that memories are consolidated over
time into a permanent state was challenged by Lewis
and colleagues [16]. In agreement with previous studies,
when ECS was given 24 h after fear conditioning it was
ineffective in generating amnesia. However, if the memory
was reactivated before ECS administration, amnesia was
observed the following day. Given that amnesia was not
produced in the absence of memory reactivation, the
memory is deﬁned as being consolidated by that time.
Therefore, reactivation of a consolidated memory presumably returned it to a labile state, which initiated another
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time-dependent memory process similar to that seen after
new learning. This phenomenon is now referred to as
reconsolidation [17 – 19]. Lewis’ study deﬁned a paradigm
for experimentally differentiating consolidation and reconsolidation: a necessary criterion if an effect is to be attributed to reconsolidation is that the amnesic agent must be
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Fig. 1. Two models of memory processing. (a) The traditional consolidation theory,
which posits a labile, short-term memory (STM) state and a later, consolidated
long-term memory (LTM) state. Once ﬁxed in LTM, the memory is posited to be
permanent. Below each memory state is a list that is typically used to describe
some of the properties of the two states. (b) The memory model proposed by
Lewis [33]. The active state (AS) and inactive state (IS) are analogous to STM and
LTM, respectively. The molecular descriptors in brackets were not part of the
original model but have been inserted for comparison with (a). New memories
enter a labile AS and then with time enter the IS [top red arrow, again similar to
(a)]. Reactivation of memories that are in an IS returns them to the AS (bottom red
arrow). Both new and reactivated memories require protein-synthesis-dependent
mechanisms in order to enter the IS. Contrary to consolidation theory, which
cannot explain the reconsolidation data, this model incorporates both the data
from consolidation and reconsolidation experiments.
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effective only after memory reactivation and not if memory
reactivation is omitted. This ﬁnding has subsequently
been replicated [20,21] and extended in a variety of
species, from rodents to the garden slug Limax [22], and
across appetitive and aversive paradigms [23 –25]. However, there have also been some instances where the
data could not be replicated, and some negative ﬁndings
[26 – 28]. The reasons for these negative ﬁndings are
not clear. As with all new ﬁelds that grapple with understanding the nature of a newly discovered phenomenon, it
is possible that slight parametric differences in protocols
that are crucial for the phenomenon, and that were not
controlled for between labs, could have been a contributing
factor. Unfortunately, this line of research was mostly
forgotten in neuroscience until recently.
Erasing fear
Capitalizing on the current knowledge of the locus and
mechanisms of fear memory formation, striking support
for Lewis’ original ﬁnding has recently been reported [19].
An auditory fear-conditioning paradigm, which is now well
described [29 – 31], was used in conjunction with targeted
inhibition of protein synthesis in the lateral nucleus of the
amygdala (LA; a nucleus in which protein synthesis is
required for consolidation of auditory fear conditioning
[32]). Intra-LA infusions of the protein synthesis inhibitor
anisomycin 1 d after fear conditioning had no effect on
subsequent tests, deﬁning the trace as being in a consolidated state at this time [19]. However, memory
reactivation by presenting the auditory conditioning
stimulus (CS) alone before such infusions caused amnesia
in subsequent tests, consistent with the ﬁndings of Lewis’
group. More impressively, just as intra-LA anisomycin
infusions after new learning had been shown to impair
LTM but not STM [32], the same infusions after reactivation of a consolidated memory impaired behaviour in a
post-reactivation long-term memory (PR-LTM) test, but not
during a post-reactivation short-term memory (PR-STM)
test [19]. These ﬁndings, and others, strongly support
and extend the original suggestion that reactivation of a
consolidated and ﬁxed memory can return it to a labile
state that is similar to STM. The theoretical implication
of these ﬁndings is that ‘consolidation theory’ might be
a myopic view of memory processing that needs to be
extended [33] (Fig. 1b). In addition, reconsolidation provides
a dynamic mechanism by which memories can be updated
and changed.
Reconsolidation across species
In addition to rodents, cellular reconsolidation with
targeted infusions has been reported in both the chick
[34] and the crab Chasmagnathus [35]. These ﬁndings
are further conﬁrmation that reconsolidation is a basic
evolutionarily conserved process. In the crab, a contextual fear-conditioning paradigm was used. Reexposure to the training context the day after training
returned the memory to a state that was sensitive to
both cyclohexamide and NMDA-receptor antagonist
(MK-801) treatments. Both treatments impaired only
PR-LTM and spared PR-STM, as was seen in rats [19].
The deﬁcit was not observed if the animals were placed
http://tins.trends.com

in a neutral context prior to infusions. The contribution
of NMDA to reconsolidation is consistent with a
previous report demonstrating that systemic administration of MK-801 blocked reconsolidation of a spatial
discrimination task in rats [18]. The implication of
NMDA receptors in reconsolidation is very exciting
because it suggests that the entire molecular cascade
activated by new learning and memory, from NMDA
receptors to protein synthesis, could be recapitulated
during reconsolidation [36].
Comparison of reconsolidation and consolidation
The ﬁndings in chick using one-trial passive avoidance
(PA) are the most extensive comparison of consolidation
and reconsolidation in a single study. Infusions of anisomycin, or the inhibitor of post-translational glycoprotein
fucosylation, 2-deoxygalactose (2-D -gal), into the intermediate medial hyperstriatum ventrale blocked consolidation and reconsolidation [34]. The differences reported
were as follows:
(1) on re-testing, the amnesia produced by blockade of
reconsolidation (but not consolidation) could ‘recover’.
Citing other studies in which amnesia resulting from
blockade of consolidation for this task recovered [37],
the authors concluded that amnesia induced by
blockade of both phenomena represented failure to
retrieve a memory that is stored in the brain;
(2) reconsolidation was more sensitive to amnesic
challenge than was consolidation;
(3) reconsolidation occurred faster than consolidation, a
consistent ﬁnding across paradigms [38 – 41].
The ﬁnding that reconsolidation occurs more quickly
is consistent with the suggestion that reconsolidation
does not ‘reverse’ any of the morphological changes
thought to mediate LTM. Rather, reactivation of these
processes renders them dependent on protein synthesis
if they are eventually to be restabilized [19,42]. It is
reasonable to assume that this restabilization process
should be completed faster than the construction and
stabilization of new synapse formation that is thought
to underlie consolidation [43]. Thus, the ﬁndings tell us
that reconsolidation and consolidation have different
characteristics.
Although comparisons between consolidation and reconsolidation are important, direct comparisons between them
should be made with caution. This is because the stimuli
that are present during consolidation and reconsolidation
are different. During a consolidation experiment, a reinforcing stimulus is typically present, whereas in the typical
reconsolidation experiment, no reinforcer is presented.
Differences in which stimuli are presented during training
can signiﬁcantly affect the characteristics of consolidation
[44]. This difference in stimulation conditions between the
two phenomena should therefore make their characteristics quantitatively different, a prediction also made by
learning theory [43]. This does not necessarily imply that
one process is more sensitive to inhibitors of protein
synthesis than the other but, rather, that they are different
initially and, therefore, that we should expect some
differences in their characteristics.
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Thus, in studies that have tested for reconsolidation
using the same parameters as consolidation and have
found no effect [45 – 47], it is possible that the lack of effect
is due to simply not having the correct experimental
parameters. For example, systemic inhibition of protein
synthesis has been reported to have no effect on reconsolidation of fear conditioning [45]. However, given that
reconsolidation occurs faster than consolidation, the negative ﬁnding might simply be due to the fact that by the time
central protein synthesis in signiﬁcantly inhibited, reconsolidation is complete. Thus, studies that test whether
reconsolidation occurs in a behavioural system must perform parametric tests for both time of infusions and dose of
protein synthesis inhibitor. One study has varied memory
reactivation with time of infusions of anisomycin into the
gustatory cortex [48], providing strong evidence that
reconsolidation might not be a global phenomenon (but
see the discussion concerning extinction for another alternative interpretation). Thus, parametric differences must
be controlled for to be certain of putative boundary
conditions for reconsolidation.
Transcription versus translation
One of the cardinal rules of consolidation of new
memories is that it requires transcription [11,13]. One
question concerning reconsolidation has been whether it
too would require transcription or whether translation of
proteins from dendritic RNAs would be sufﬁcient [42].
This issue was recently addressed using an inducible
dominant – negative transgenic mouse in which the
function of the transcription factor CREB was compromised in excitatory neurons of the forebrain [49].
Consistent with the ﬁndings for consolidation, impairing
CREB forebrain neuronal function after reactivation of
consolidated auditory or contextual-fear memories caused
impairment in PR-LTM but not PR-STM. Again, this
deﬁcit was contingent on memory reactivation. These
ﬁndings suggest that CREB-mediated transcription is
necessary for reconsolidation. Additional corroborative
evidence that transcription plays a role in reconsolidation
comes from studies examining the expression of phosphorylated CREB and two immediate – early genes that
are downstream targets of CREB, Fos and zif268 [46,50],
after memory reactivation of either consolidated auditory
or contextual-fear memories [51,52]. Reactivation of
auditory fear memories, which are known to be dependent
on the amygdala [29 – 31], induced an increased phosphorylation of CREB, and expression of Fos and zif268 in
the amygdala, without change in the hippocampus.
Conversely, reactivation of a consolidated memory for
contextual fear, the consolidation of which is known to
involve both the amygdala and the hippocampus [29– 31],
increased zif268 expression in both these structures.
Thus, the pattern of expression is both region and
stimulus speciﬁc, in a manner predicted by current
models of consolidation of auditory and contextual-fear
conditioning. Targeted disruption of transcription will be
important as a further test of the requirement for
transcription in reconsolidation. However, the ﬁndings
so far strongly support the idea that reconsolidation
requires transcription and that there is signiﬁcant
http://tins.trends.com
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overlap in the molecular cascades implicated in reconsolidation and consolidation. Finally, CREB, which is cast
as a universal ‘molecular switch’ for consolidation, seems
to be fulﬁlling an analogous role in reconsolidation [49].
Reconsolidation and extinction
In the typical reconsolidation experiment, the conditioned
stimulus is presented without the reinforcer and the
memory trace is challenged. Operationally, this is an
extinction trial. Extinction is new learning during which
an animal begins to learn that the unconditioned stimulus
(US) no longer follows the CS. Reconsolidation, however, is
posited to be the re-storage of the underlying memory [16].
Thus, at a conceptual level they are distinct but they might
involve similar molecular mechanisms. Protein synthesis,
CREB and NMDA receptors have been implicated in
reconsolidation [18,19,34,35,49,53]. NMDA receptors and
mitogen-activated protein kinase have both been shown to
be involved in extinction [48,54,55].
This relationship becomes potentially interesting
when one considers two studies that failed to demonstrate the reconsolidation ﬁnding [48,56]. One study
used conditioned taste aversion and the other used
passive avoidance, with central injections of anisomycin into the gustatory cortex and the hippocampus,
respectively. In both cases, post-reactivation anisomycin infusions did not cause amnesia. They had
the opposite effect, inhibiting extinction such that the
experimental animals persisted in responding to the
CS, even though it was no longer reinforced. This
suggests that the consolidation of extinction learning is
also dependent on protein synthesis. There is one
telling difference between the studies that blocked
extinction and those that blocked reconsolidation
[19,34,35,49,53]. In the former, the reactivation test
itself caused signiﬁcant extinction. Conversely, no
extinction was observed in the reactivation sessions
in the studies reporting a blockade of reconsolidation.
Thus, there could be a molecular competition between
the two processes, with the dominant process of the
reactivation session being the one most affected by
protein synthesis inhibition. Gordon made an analogous ﬁnding in behavioural studies performed using an
active avoidance task. If previously trained animals
were brieﬂy returned to the avoidance box and given a
non-reinforced CS presentation, behaviour improved on
a subsequent test [57]. Conversely, animals that
received the same CS treatment but were allowed more
time in the apparatus to incorporate the non-reinforced
trial demonstrated extinction (decreased responses) the
next day. Thus, at a behavioural level there is some
support for competition between the two processes.
Furthermore, the ﬁndings dissociate the behavioural
effects of reconsolidation from extinction. If this hypothesis is true, then it will be very exciting to look for the
molecular mechanisms that mediate this competition
between two very different behavioural phenomena.
Systems reconsolidation
In the hippocampus, consolidation occurs at a second level
of analysis that is posited to last in the order of weeks for
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targeted infusions of anisomycin into, or lesions of, the
hippocampus. Consistent with previous ﬁndings, lesions
of the hippocampus 45 days after conditioning had no
effect on the subsequent expression of contextual fear
conditioning [62,63] (Fig. 2b). However, if the memory is
reactivated for as little as 90 s before the lesion, amnesia is
observed after the lesion and does not recover with multiple
testing protocols or spontaneously. Therefore, memory
reactivation of a remote memory causes it to return to a
hippocampus-dependent state. Interestingly, this reactivated remote trace remained hippocampus-dependent for
only 1 – 2 d. Thus, although the duration of systems

rodents and years in humans, called ‘systems consolidation’ [8]. First described by Scoville and Milner [58], the
hypothesis states that the hippocampus plays a time-limited
role in memory processing, such that recent memories are
hippocampus dependent, whereas older memories are not
[59 – 61]. For the sake of clarity, memories that have
become independent of the hippocampus with time are
referred to as ‘remote’ memories.
Hippocampus-dependent memories have recently been
demonstrated to undergo both cellular and systems reconsolidation [53] (Fig. 2a,b). Debiec et al. used a contextual
fear-conditioning paradigm in conjunction with either
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Fig. 2. Cellular and systems reconsolidation in the hippocampus. (a) Cellular reconsolidation. Data from a contextual fear conditioning paradigm that demonstrates cellular
reconsolidation. Training [conditioned stimulus–unconditioned stimulus (CS– US)] consisted of eight shock presentations in a conditioning chamber. Three days
afterwards, rats were returned to the same conditioning chamber for 90 s to reactivate their memory (left, React.) or not (right, No react.). Immediately afterwards, rats
received bilateral infusions of anisomycin or vehicle (artiﬁcial cerebrospinal ﬂuid) (vertical arrows). Four hours later they received a post-reactivation short-term memory
(PR-STM) test; 20 h after the PR-STM they received a post-reactivation long-term memory (PR-LTM) test. After memory reactivation, anisomycin impaired only PR-LTM but
not PR-STM (left). In the absence of memory reactivation, anisomycin had no effect (right). (b) Systems reconsolidation. The same training and reactivation protocols
were used as in (a); however, instead of infusions, the hippocampus was lesioned. Forty-ﬁve days after conditioning, lesions of the hippocampus (Lesion) immediately
after memory reactivation (CS) produced a signiﬁcant impairment (left). Conversely, the same lesions had no effect when the reactivation session was omitted (No CS),
demonstrating that 45 d after conditioning, the memory is independent of the hippocampus. Thus, reactivation of a hippocampus-independent memory returns it to being
hippocampus-dependent: an example of systems reconsolidation. Reactivation of the remote memory (right) returned it to being dependent on the hippocampus for ,2 d.
(c) A functional memory model of the hippocampus, demonstrating both cellular and systems reconsolidation. Cellular reconsolidation in the hippocampus and neocortex
is shown with red arrows; systems reconsolidation is shown with green arrows (note the green arrows do not differentiate between the different durations of systems
consolidation and reconsolidation). A new hippocampus-dependent memory will undergo cellular consolidation in the hippocampus (top red arrow) and subsequent
reconsolidation causes memories to return to a labile state (bottom red arrow) and then to become reconsolidated (top red arrow). Over time, the neocortex becomes
competent to mediate the task and no longer needs the hippocampus, at which point it is a remote memory (top green arrow). Reactivation of the remote memory will
cause some critical plasticity to return to being hippocampus-dependent (bottom green arrow) and the neocortical trace to return to a labile state (bottom red arrow), which
requires hippocampal feedback. Over the next 2 d, cortico–hippocampal interactions will cause the neocortical trace to become hippocampus-independent again (top
green arrow) and reconsolidated (top red arrow).
http://tins.trends.com
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consolidation (the ﬁrst retrograde amnesic gradient) is in
the order of weeks [62,63] (up to 45 d in the study of Debiec
et al.), systems reconsolidation (the second retrograde
amnesic gradient) lasts for , 2 d. Furthermore, a third
gradient of comparable duration to the second has been
reported. The decrease in the length of time for which the
hippocampus is necessary after memory reactivation is
consistent with an updating role of the structure for
neocortical memories, even though the cortical memories
are already consolidated. Other interpretations of the
ﬁndings (in terms of facilitated extinction, new trace
formation, state-dependent learning, latent memory, drugs
acting as an US to produce competing responses, anatomical damage and/or dysfunction, compromised late
waves of protein synthesis required for consolidation, and
changes in baseline behaviour) were all considered (with
the appropriate controls) and ruled out [53]. Thus, the
most parsimonious interpretation of the data is that even
remote memories, when triggered with an intact hippocampus, return to a labile hippocampus-dependent state,
and that they remain in this state for several days – far
shorter than the ﬁrst consolidation period (Fig. 2c). These
ﬁndings extend previous work on reconsolidation to
another brain system (hippocampus), to a qualitatively
distinct memory (contextual representation) and across
levels of analysis (systems).
Interestingly, there is some evidence that memories of
inhibitory avoidance might behave differently from contextual fear memories [64]. Systemic administration of
anisomycin was only effective in blocking reconsolidation
if memory reactivation was performed during the ﬁrst
week after training, but not thereafter. It is possible that
with increased time after training, the duration of reconsolidation might decrease, such that at later time points
reconsolidation is complete by the time inhibition of brain
protein synthesis has been signiﬁcantly reduced. If this
and other parametric alternatives are ruled out, and the
same reconsolidation gradient is observed, this would be
one of the ﬁrst demonstrations of a boundary condition.
This, in turn, would raise the question of why memories for
inhibitory avoidance have a time window during which
reconsolidation can occur, whereas contextual memories
associated with shock always seem to be able to return to a
labile state after reactivation.
The qualitative nature of reconsolidation and
consolidation
Currently, the issue of whether amnesia is a deﬁcit of
storage or retrieval has still not been resolved [9,65]. Thus,
although we cannot determine with certainty the qualitative nature of reconsolidation and consolidation, we are
in a position to ask whether they are qualitatively similar.
If they represent qualitatively similar processes, then they
should behave in a qualitatively similar manner in response
to different neurobiological challenges across paradigms.
However, if they are qualitatively distinct, such that
one is a storage process and the other a retrieval process,
then they should behave differently in response to the
same manipulations. It is clear that when reconsolidation
is reported, it is qualitatively extremely similar to
consolidation. For example, whether through inhibition
http://tins.trends.com
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of protein synthesis (in crab, mouse or rat) or decreased
CREB function, the same pattern of results is obtained
for consolidation and reconsolidation: impaired LTM or
PR-LTM and intact STM or PR-STM [19,34,35,49,53].
Furthermore, the use of memory modulators can enhance
both new memories and those that are consolidated and
reactivated [39,66–68]. Similarly, interference can be
obtained between the acquisition of two new tasks or
between one new task and a reactivated memory of a
second task [38,40,41]. Importantly, all these paradigms
show discreet time windows within which the effects are
observed. Therefore, for every paradigm that consolidation theory has been built on, there are comparable
demonstrations of qualitatively similar results after
reactivation of a consolidated memory. Given the discussed
similarities, the only logical conclusion based on these
data is that reconsolidation and consolidation are qualitatively (but perhaps not quantitatively) the same. Thus, if
consolidation is a storage process, then (logically) reconsolidation must be as well.
A ﬁnal similarity is that there are reports of spontaneous recovery during the ﬁrst test after amnesia caused
by blockade of either reconsolidation [69] or consolidation
[70 –75]. Thus, whether consolidation and reconsolidation
both represent retrieval or storage processes is not yet
known.
New learning versus re-storage
One issue that has been at the forefront of discussions on
reconsolidation is the role of new learning. For example,
perhaps anisomycin prevents the consolidation of new
learning occurring during the reactivation session. In
turn, it is the blockade of this new learning, as opposed to
the re-storage of the original trace, that is responsible for
the behavioural deﬁcit. First, we must bear in mind that
consolidation theory explicitly predicts that only new
information acquired during a session, and not the entire
memory, is in a labile state [5]. In the typical reconsolidation experiments, the main source of new learning
during the reactivation session is an extinction trial
(non-reinforced CS presentation). Extinction normally
decreases the response; thus, if anisomycin was blocking
extinction, then the anisomycin-treated animals should
show an increased response on the test day than do control
animals. This is the opposite of what is reported when
reconsolidation is blocked.
A second version of the new learning interpretation is
that reactivation of the memory causes a second distinct
trace to be formed. In turn, anisomycin blocks the
consolidation of this new second trace. Two lines of
evidence dispute this interpretation. First, this interpretation predicts no impairment on test because
animals should have simply retrieved the intact ﬁrst
memory trace and performed at control levels. Second,
the ﬁrst retrograde gradient for a new contextual
memory to undergo systems consolidation is on the
order of weeks. If reactivation of a remote contextual
memory produced a second new memory that underwent
systems consolidation anew, then the durations of the
ﬁrst and second retrograde gradients should be the same,
because they represent systems consolidation of new
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traces. Contrary to this prediction, the second retrograde
gradient is , 2 days, whereas the ﬁrst is in the order of
weeks. Thus, the new trace interpretation of reconsolidation does not explain the data.
The last variant of the new learning interpretation
is that new learning is always occurring and triggering
the entire memory (not just the new component) to
undergo consolidation. Because it is impossible to ever
have two experiences that are exactly the same, this
interpretation is not testable. In addition, acceptance of
this position would require rejection of the traditional
consolidation theory, which posits that only new
information acquired during a session, and not the
entire memory, is in a labile state. Last, given that one
of the posited functions of reconsolidation is to update
memories, the position is easily incorporated into
models of reconsolidation.
A note from the past
It has been widely questioned whether reconsolidation
occurs in humans, following a study demonstrating that
ECS impairs new but not old reactivated memories in
humans [28]. However, it should be noted that there are
several positive ﬁndings of reconsolidation in humans
[76,77]. The hypothesis proposed and experimental design
used by Rubin were based completely on the ﬁndings of
Lewis’ original reconsolidation experiment. Rubin reasoned
that if individuals were forced to focus on the subject of
their psychopathologies, this would return the imagery
and pathology to an active, labile state that should be
sensitive to disruption.
Individuals suffering from obsessive– compulsive disorder (OCD) or hallucinations were given ECS after being
prompted to act out their desires or after their hallucination had begun. All 28 patients treated in this way
improved dramatically for periods ranging from 3 months
to the time of publication of the manuscript, 10 years later.
One relapsed, but was treated once using the same approach
and recovered. Crucial, however, was the fact that many
of the subjects had previously received between 5 and 28
ECS sessions, while anaesthetized, with little beneﬁt. This
latter result is analogous to the non-reactivated condition
used to test reconsolidation [77].
In a case study, one 30-year-old woman with OCD
received 22 ECS treatments in 1 year while ‘anaesthetized’,
but became worse. She was made to act out her compulsion
of killing her mother with a butcher’s knife and was then
administered a single session of ECS while still awake.
‘The next day, greatly improved, she went home and spoke
kindly to her mother for the ﬁrst time in years. She asked
her mother “Do you love me?” and then kissed her. When
the author asked if she still felt like stabbing her mother,
she laughed and said, “Oh, she doesn’t deserve anything
like that”’ [76]. She returned home and to work, and
remained free of symptoms for the 2 years up to the
publication of the study. Thus, the ﬁnding that reactivated
psychopathologies return to an ECS-sensitive state, when
the same treatment is ineffective if given when the individual is anaesthetized, are consistent with reconsolidation
occurring in humans.
http://tins.trends.com

What we have learned and where we are going
Data from a diverse array of species, a variety of
paradigms and different molecular technologies have
demonstrated that reconsolidation occurs in multiple
brain systems and is qualitatively strikingly similar to
consolidation. Already implicated in the reconsolidation
process are the usual suspects such as NMDA receptors,
CREB, new protein synthesis, Fos and zif286. It is clear
that reconsolidation has not been universally found and
that it is still too early to understand which critical
variables or systems will dictate when reconsolidation
will and will not occur. If the reported negative effects
are real, and not due to parametric issues, then we need
to use them to build a psychological – functional map of
the boundary conditions for this phenomenon. Once we
have such a map, we will be in a powerful position to
understand, in a deeper sense, the evolutionary advantages that neural systems derive from reconsolidation and
why certain types of information undergo reconsolidation,
whereas other types do not. The next few years will be
extremely exciting as more data from behavioural,
physiological and molecular levels of analysis are brought
to bear on this exciting issue.
Reconsolidation is poised to reconcile a historical
dichotomy between levels of analysis that has existed
in memory research for the past 70 years. There can be
no doubt at this point that memories are fundamentally dynamic processes, as ﬁrst explicitly demonstrated
by Bartlett [78]. They are not snapshots of events that
are passively read out but, rather, are constructive in
nature and always changing [79 – 81]. It is therefore
strange that, although memory is dynamic and changing, the dominant memory model proposed to describe
it emphasizes ﬁxation. The two views are diametrically
opposed. Consolidation theory served scientists exceptionally well in maintaining the idea that we should
look for two qualitatively different memory states [9].
Models now exist across levels of analysis to describe
the processes engaged during memory storage [10].
Given that consolidation theory ends at memory
storage, then it has taken us as far as it can. To
move forward to the next level, a conceptual shift from
the ‘ﬁxed’ to the ‘dynamic’ is required. Reconsolidation,
which has been shown to occur in species ranging from
slugs to humans, is a mechanism that naturally
endows neural systems with dynamic properties and
can, thus, bridge the conceptual gulf between current
ﬁxed neurobiological models of memory and its
dynamic nature. In the same way as consolidation
theory was the central axis along which scientists
descended through levels of analysis to describe the
mechanisms that mediate memory ﬁxation [9], reconsolidation can act as the axis for the next generation of
scientists to ascend through the levels of analysis to
reconnect with the dynamic properties of the phenomenon we are trying to explain.
Acknowledgements
I thank L. de Hoz and P. Frankland for their helpful comments on drafts of
this manuscript. This work was supported by grants from NSERC,
Human Frontiers of Science Programme and the Volkswagen Foundation.

Opinion

TRENDS in Neurosciences Vol.26 No.2 February 2003

I also thank T. Schallert for bringing the studies in Refs 75 and 76 to my
attention.

References
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