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Memory consolidation is a time-dependent
stabilization process that leads to perma-
nent storage of newly acquired memory
(McGaugh, 1966). However, compelling
evidence has suggested that upon recall,
memories can reenter states of transient in-
stability (Nader and Hardt, 2009). This re-
consolidation process was firmly established
by the demonstration that a previously con-
solidated auditory fear memory in which a
tone and electric footshock were associated
could be impaired by microinjecting aniso-
mycin (a protein synthesis inhibitor) into
the basolateral nucleus of the amygdala im-
mediately after reexposure to the tone (Na-
der et al., 2000). Much evidence now exists
to support the hypothesis that reconsolida-
tion may offer unique opportunities to up-
date memories (Lee, 2009).

Recently, the reconsolidation hypoth-
esis has been extended to memories that
do not rely on any explicit reinforcement,
such as object recognition memory (Davis
et al., 2010). The object recognition task
measures memory in rodents by exploit-
ing their natural preference for interacting
with novel rather than familiar objects
(Ennaceur and Delacour, 1988). This task
usually takes place in an open-field arena

where animals are exposed briefly to two
or three objects. A memory test is con-
ducted after a variable retention delay by
exchanging one of the familiar objects for
a novel object. Preferential exploration of
the novel object provides an index of rec-
ognition memory.

In a recent paper published in The
Journal of Neuroscience, Winters and col-
leagues (2011) used a modified version of
the object recognition paradigm in which
two identical objects were presented in a
Y-shaped apparatus, one at the end of
each exploration arm. The authors previ-
ously reported that the perirhinal cortex
(PRh), but not the hippocampus (HPC),
is necessary for object recognition in this
version of the task, which minimizes the
influence of spatial or contextual infor-
mation (Winters et al., 2004).

In their follow-up study, Winters and
colleagues (2011) infused the protein-
synthesis inhibitor anisomycin, which
interferes with both consolidation and re-
consolidation (Nader and Hardt, 2009),
into the PRh or HPC immediately following
memory reactivation. Although the authors
addressed the role of both structures in the
reconsolidation of object memory, here we
will focus on the HPC contribution to object
memory updating.

An important finding of the Winters
and colleagues (2011) study is that follow-
ing a reactivation session conducted in the
presence of a novel object, anisomycin in-
fusion into the HPC did not impair dis-
crimination between novel and familiar
objects on the subsequent day. The authors

concluded that HPC protein synthesis inhi-
bition upon recall did not alter the previ-
ously established object memory (Winters
et al., 2011; their Fig. 5). These results are
at odds with previous work by Rossato
and colleagues (2007), in which anisomy-
cin infusion into the HPC under the same
circumstances prevented discrimination
between novel and familiar objects. In
this case, the authors concluded that
HPC protein synthesis inhibition upon
recall altered the previously established
object memory. As discussed by Winters
and colleagues (2011), this discrepancy
may result from procedural differences:
they emphasize the different contribution
of HPC in the two paradigms and suggest
that linking a new object to the original
memory requires HPC function only in
HPC-dependent tasks (as used by Rossato
et al., 2007), not in HPC-independent
tasks (as used by Winters et al., 2011). Al-
though this is a rational explanation for
the conflicting results, one must not for-
get an important caveat when considering
memory updating: situations offering up-
dating opportunities, which engage re-
consolidation processes, may also lead to
new learning, which involves consolida-
tion processes independent of the original
memory (Lee, 2009).

To incorporate additional features into
the original mnemonic trace, memories
must be reactivated (Lee, 2009). In this
framework, procedural differences such as
the degree of similarity between the events
present at memory recall and the previously
memorized experience may lead to opposite
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mutually exclusive mnemonic processes. I
propose that a low degree of similarity
should prompt new learning (Fig. 1, red
curve), whereas a high degree of similarity
should trigger updating of the original
memory (Fig. 1, blue curve). Thus, a
threshold of similarity may gate the switch
between new learning and memory up-
dating (Fig. 1, dotted lines). In addition,
some properties of the original memory,
such as the strength or the age of the mem-
ory (Lee, 2009), may also influence this
threshold (Fig. 1, from left to right). Spe-
cifically, for weakly or recently encoded
memories, the low similarity threshold
should favor updating of the original
memory upon reactivation (Fig. 1, left).
This threshold should become increas-
ingly high for strongly or remotely en-
coded memories, thus limiting the
updating process to avoid catastrophic
interference between already established
memories and learning of independent
information (Fig. 1, right).

In the work of Winters and colleagues
(2011), because the Y-shaped apparatus
minimizes the influence of spatial or con-
textual information, the original memory
trace relies on the objects per se. There-
fore, when memory reactivation was con-
ducted in the presence of a novel object in
the same context (Winters et al., 2011;
their Fig. 5), the reactivation session was
highly dissimilar to the sample session. In
such cases, one cannot ensure that the
original memory was reactivated. Aniso-
mycin infusion into the HPC shortly after
recall did not prevent discrimination be-
tween novel and familiar objects on the
subsequent day, suggesting it spared the
original object memory. Thus, the low de-
gree of similarity may have prompted new
learning instead of memory updating, as

predicted by the current model (Fig. 1, red
curve). In line with this interpretation,
anisomycin infusion into the PRh pre-
vented discrimination between the novel
and familiar objects on subsequent day
(Winters et al., 2011; their Fig. 4). These
data are in accordance with a new learning
process, because object memory acquisi-
tion depends on PRh but not HPC in this
paradigm (Winters et al., 2004).

Conversely, when memory reactivation
was conducted in the presence of a contex-
tual change (Winters et al., 2011; their Fig.
7), the reactivation session was highly simi-
lar to the sample session, because the two
familiar objects were presented in a slightly
modified apparatus. Anisomycin infusion
into the HPC shortly after recall impaired
the original object memory. In this case, the
higher degree of similarity may have en-
couraged updating of the original memory,
as predicted by the current model (Fig. 1,
blue curve).

This alternative proposal also reconciles
these results with previous findings ob-
tained in an open-field arena (Bozon et al.,
2003; Rossato et al., 2007). In these studies,
the original memory involved objects be-
longing to a far more complex environment
and reconsolidation occurred only when re-
activation involved the two familiar objects
in the training context, not when they were
presented in a different context (Bozon et
al., 2003). In the latter case, the reactivation
session was highly dissimilar to the sample
session because only the two familiar objects
from the complex environment were pres-
ent. Thus, the low degree of similarity may
have encouraged new learning instead of
memory updating, as predicted by the cur-
rent model (Fig. 1, red curve).

In the work of Rossato and colleagues
(2007), when memory reactivation was

conducted in the presence of a novel ob-
ject, the reactivation session was highly
similar to the sample session because only
one object from the complex environ-
ment was changed. Anisomycin infusion
into the HPC shortly after recall impaired
the original object memory, as indicated
by the failure to discriminate between
novel and familiar objects on the subse-
quent day. In this case, the high degree of
similarity may have resulted in updating
of the original memory, as predicted by
the current model (Fig. 1, blue curve).

The present model may also apply to
fear-related memories. Indeed, linking
new information to a reactivated memory
has often been reported to engage consol-
idation (Tronel et al., 2005) or reconsoli-
dation processes in the HPC (Lee, 2010).
In the work of Tronel and colleagues
(2005), rats learned to associate an electric
footshock with a light in context A. In this
situation, the robust original memory
relies on the light and context A. Reex-
posure to the light in a very different
context B allowed the second-order as-
sociation of the shock with context B.
This manipulation involved a consoli-
dation process in the HPC rather than
updating of the original memory. This
result may be explained by the low sim-
ilarity between contexts A and B (Fig. 1,
red curve). The current model predicts
that reexposure to the light in a slightly
modified context A should have resulted
in memory updating.

Conversely, in the work of Lee (2010),
rats were repeatedly exposed to a given
context in which they finally received an
immediate electric footshock. In this case,
the original memory relies heavily on the
context. The immediate shock association
with the context involved a memory up-

Figure 1. Schematic representation of the model of hippocampal competition between new learning and memory updating. Upon memory reactivation, the degree of similarity between the
events present at recall and past learning experience may lead to opposite mnemonic processes. A low degree of similarity should prompt new learning (red curve), whereas the opposite should
trigger updating of the original memory (blue curve). A threshold of similarity (dotted line) may gate the switch between new learning and memory updating. Some intrinsic properties of the original
memory, such as the strength or the age of the memory, may also influence this threshold (from left to right). In the case of weakly or recently encoded memories, the low similarity threshold should
favor the updating of the original memory upon reactivation (left). This threshold should become increasingly high in the case of strongly or remotely encoded memories, thus limiting the updating
process to avoid catastrophic interference between already established memories and learning of independent information (right).
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dating process in the HPC. Although the
context had been extensively experienced,
the reactivation of the original memory
occurred in exactly the same context, thus
allowing memory updating in accor-
dance with the current model (Fig. 1,
blue curve).

In summary, the paper by Winters and
colleagues (2011) may profoundly impact
our comprehension of HPC contribution
to memory updating. Together with the
aforementioned studies, the results of
Winters and colleagues (2011) prompted
the model proposed herein, which may
apply to several types of memories. This
model posits that the degree of similarity
between the events present at recall and
past learning experience should bidirec-
tionally gate new learning or memory up-
dating in the HPC. In this regard, the HPC
has previously been reported to act as a
comparator between current and past
similar events in humans (Kumaran and
Maguire, 2007). If this model helps to rec-
oncile previous findings regarding mem-
ory updating upon recall, an important

question remains to be elucidated: Are
new learning and memory updating truly
dissociated in the HPC as stated in the
present model, or are there circumstances
under which the two processes coexist and
perhaps interact? Future studies will un-
doubtedly shed new light on this question.
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