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Understanding Memory Reconsolidation
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“Memory” has been an elusive concept since its inception
as a neuropsychological entity. Compared to memory as we
understand for electronic and computational devices, which
is stored as binary information in chips and circuits, biological
memory is encoded as proteins and impulses which form a
memory trace. Once an event is registered by the brain after it
occurs, a trace is formed that is selectively associated with the
event that triggered the formation on the first hand. Initially the
trace is unstable, which progressively becomes more and more
stable. This process is known as consolidation of memory. To give
an example, when one puts a hand into a closet and gets bitten
a spider, he or she forms a memory that is associated with the
environment which includes the closet, the room in which the
closet is, the ambience in which the incident occurred and the
fearful experience of getting the bite. This memory is consolidated
over time and forms a trace. Now, the next pertinent question
is what happens with this memory? Does it become permanent
or it is amenable to alterations? Is this memory labile? These
qguestions lead to another interesting concept called memory
reconsolidation. To put things into perspective, we go back to the
closet and spider story. This time, the person goes back to same
closet. May be the spider is not even present there anymore. But
he or she expects to be bitten by the spider again and a fearful
memory comes back. This is called retrieval of fear. The retrieval
of this particular memory is context specific. The context here is
the room, the closet and the ambience around it. What actually
happened is the initial memory trace became labile and helped
produce the fearful memory. Once the consolidated memory is
brought back to a labile stage, progressively over a period of 6-7
h [1,2] the memory traces become permanent once again. This
process is known as reconsolidation of memory. The example
presented here pertains to a fearful event, since fear memories
are one of the best studied and critiqued forms of memory in the
field of memory reconsolidation. This entire process is complex
and beyond comprehension in this article. But small details and
important aspects are discussed briefly in the following section.

The process of reconsolidation occurs over a period of six to
seven hours, as mentioned earlier. Initially post retrieval, the
already consolidated trace becomes labile once again, only
to be reconsolidated. Previously it was thought that memory
once formed is stable and not prone to any manipulations. But
slowly it has come to the fore that during the reconsolidation
period, memories can be altered, manipulated and weakened
or strengthened [1-4]. These observations have opened new
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avenues for intervention in fear memory related stress disorders
like Post Traumatic Stress Disorder and chronic anxiety [5].

Reconsolidation includes a plethora of systematic, biological
and biochemical as well as epigenetic changes at the level of
the entire organism to unit receptors [1,2,6-9]. The changes are
signature to the process and are specific to individual micro-time
windows in the overall six to seven hour period post-retrieval.
Recent research has shown that AMPA and NMDA type glutamate
receptors are involved heavily in the reconsolidation process
[1,2,10]. GluA2 subtype of AMPA receptors show a biphasic wave
in hippocampal areas during reconsolidation of fear memories
in both mice and rats [1,2]. These changes are associated with
altered miniature responses of AMPA receptors that alter
according to AMPA receptor surface expression [1]. Furthermore,
these changes are associated with AMPA receptor co-localization
with Post Synaptic Density (PSD) complex [2]. Other findings
show that not only immediate AMPA receptor current but long
term plasticity is altered throughout the reconsolidation period.
Studies showed both long term potentiation and depression
(LTP and LTD) are altered during the course of reconsolidation.
Other studies have corroborated that phosphorylation of
different receptor subunits and downstream proteins have a
temporal pattern that is distinct during the reconsolidation
period. Researchers have also found NMDA receptor subtypes
to be implicated in memory reconsolidation among many other
major excitatory and inhibitory receptor families that is beyond
the scope of this editorial. Research has also shown that different
areas of the brain like the hippocampus, amygdala and prefrontal
cortex are specifically involved in reconsolidation depending on
the type and nature of the memory involved.
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Behaviorally reconsolidation process has been defined through
different tests and procedures at the systemic level. Long term
and short term memories have been shown to be formed and
prone to alterations during the reconsolidation process [1].
Blockade of receptor waves have been shown to reverse LTP
and LTD patterns as well as freezing behavior or spontaneous
recovery of fear during post reconsolidation manipulations
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