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The mechanism of transfer of memory from short term to long term memory is a subject that has created an
interesting avenue for much debates and continuous experimentation. This review discusses the results of
such experiments involving hippocampal lesions and pharmacological inhibition. The limitation of these
earlier experiments in understanding memory transfer being temporal and cellular precision. Recently, fast
optogenetic tools have been used to investigate the role of CA1 neurons of the hippocampus and the anterior
cingulate cortex (ACC). The results of these experiments show the contribution of excitatory
CornuAmmonis (Cal) neurons to remote memory recall. It also reveals the plasticity of the mechanisms

involved inrecall by implicating CA 1 in the recruitment of ACC for remote memory recall.

INTRODUCTION

One of the challenging questions in Cognitive
Neuroscience is how Short-term Memory is converted to
Long-term Memory. The question may be simple in the
context of numerous literature on mechanisms of memory
storage, however it is a subject of that has created an avenue
for much discussion, debate and experimentation. Earlier, the
hippocampus was shown the be necessary for retaining
context-dependent memories until they are consolidated in
their original form in the neocortex.[1,2] Thus, the
hippocampus is thought to serve a temporary function in the
storage of memory, because, when the hippocampus is
damaged, recent but not remote memories are impaired.[3]

An alternative view is that the original memory is
transformed from one that is detailed and context-dependent
to one that is schematic and generic, capturing the gist of the
original.[4] The transformed memory is then represented in
areas connected to the hippocampus. When hippocampal
lesions are made within short delays and before consolidation
has occurred, these interfere with memory.[5,6] However, at
long delays, hippocampal lesions had no effect on
memory.[5,6] Furthermore, animals retained context-shock
association when a long delay was imposed between the time
of conditioning and the time of surgery; this supports the
notion that the hippocampus has a transient function in the
storage of memory [7]. On this basis, it was established that
the hippocampus has a temporarily-restricted role in memory
storage that is assumed by other structures over time.[5]

Hippocampal Lesion Studies

Using food preference and contextual fear
conditioning paradigms, Winocur et al. [4] reported results of
experiments involving lesions which typically destroyed

about 67% of the hippocampus. For contextual fear
conditioning, lesioned rats performed poorly in comparison
with intact rats at both delays (short or long), which confirms
that the hippocampus is crucial for contextual fear
conditioning. In the food preference task, there was no
difference between lesioned and control rats following one
day delay in the same context. At, longer delays, hippocampal
lesions caused rats to forget the food preference more quickly.
There were notable effects in changing the context at both
short and long delays in fear conditioning and food preference
tasks. At short delays memory was reinstated in the same, but
not the different context in both tasks, whereas at long delays
normal rats performed well regardless of context.[4] In
contrast, hippocampal-lesioned animals showed diminished
memory function even at long delays for the food preference
test. This clearly shows that the hippocampus is necessary for
retrieving memories at long delays, a shift from an earlier
perspective. Although, it was earlier established that recent
memories are more vulnerable to hippocampal damage than
older memories which are in a more stable form in the cortex,
some memory function tests show a different trend.[8] This
implies that hippocampal lesions may also affect remote
memory recall, and that this method of studying remote
memory recall is deficient even when only a specific area of
the hippocampus is lesioned.[§]

Pharmacological Inhibition

The first step of memory formation involves creating
the potential to form a lasting memory, but not in all cases the
commitment to do so.[9] In order to encode episodic memory,
the information that an individual receives causes immediate
changes in synaptic strength in the hippocampus that
constitute one of the initial traces of the experience. A filtering

LASU Journal of Medical Sciences, Volume 3(1), January-June, 2018 61



Transfer of Memory

process associated with synaptic plasticity then ensures that
only a subset of these changes are retained to cause lasting
traces and so become consolidated.[10] The discrimination or
filtering process is now thought to involve an interaction
between a local and automatic post-translational tagging
mechanism at synapses and a more diffuse up-regulation of
plasticity-related proteins.[11]

There appears to be a time-dependent relationship
between retention of memory in the hippocampus and in the
cortex[4,5,13,14]. Frakland et al. [12] reported using
Calmodulin-Dependent Protein Kinase I1 (CaMKII) deficient
mice to study the role of the anterior cingulate gyrus
participation in remote memory recall and reported that the
ACC-activated with the expression of Zinc Finger
Transcription Factor (Zif268) in wild type mice tested for
remote memory recall but not in mutant CaMKII-deficient
mice, showing that the CaMKII is necessary for the
elaboration of remote memory in the ACC.[12] Despite the
progress with cellular precision, temporal precision was still
unresolved.

Optogenetic Inhibition

Taking a step further by applying optogenetics with
microbial opsin genes, a method which enables both cell-type
precision and temporal control on the millisecond timescale,
investigations were conducted capitalizing on the circuit
specific for this behaviour with separation between different
stages of memory. Optogenetic inhibition was carried out by
stereotactic delivery of the Calmodulin-Dependent Protein
Kinase II:Natrosomonas Halorhodopsin (CaMKlla cells:
eNpHR3.1) vector which resulted in CAl-specific
expression. By applying continuous 561 nm illumination on
excitatory CA1 neuron, there was inhibition of spiking in-
vivo in a temporally precise, stable, and reversible
manner.[15]

Using optogenetic inhibition, contextual fear
acquisition and recall of fear memory was blocked in dorsal
CornuAmmonis (CA1l) neurons. Even though the fear
memory was found to be present in a previous test using
another method, optogenetic inhibition on CA1l blocked
memory retrieval.[15] This suggests a real time involvement
of CA1 excitatory neurons in acquisition and recall of recent
contextual fear memory without any exploratory or
anxiolytic effect found between eNpHR3.1 mice and control
mice. Pharmacological inhibition of the hippocampus using
TTX (tetrodotoxin) and CNQX (6-cyano-7-
nitroquinoxaline-2,3-dione), disturbed recent memory but
not remote fear recall with the possible interpretation being
that the speed of optogenetic inhibition permits testing
without allowing the expression of compensatory
mechanisms.[15] The findings support the prior work that the
remote memory trace is not stored only by the CAl
hippocampal neurons but that when given enough time to
compensate for hippocampal inactivation, the memory can
still be retrieved, presumably by other structures. The
findings also reveal that the intact hippocampus may be a
default activator of the remote memory trace and actively
participates in its maintenance throughout the session of
recall.[15]

In previous studies, the anterior cingulate cortex

(ACC) had been implicated in remote fear memory
storage.[12,16] Optogenetic inhibition of ACC either one
day or one month following contextual fear had no effect on
recent memory but impaired remote memory.[15] Earlier
studies reported no detectable increase in hippocampal
activity following remote fear recall.[12,16] A decrease in
hippocampal activity in the transition from recent to remote
memory was also previously observed for recall of a
hippocampus-dependent spatial task.[16] This coding may
also involve other associated structures in the cortex (for
example the ACC) such that a slight increase in activity levels
is sufficient for the activation of the memory trace. Insimple
terms, for remote memory recall, the hippocampus employs
the ACC but not for recent memory which is solely dependent
on the hippocampus.[15]

DISCUSSION

Cellular precision is crucial in studying the
involvement of the hippocampus in remote memory recall,
based on the finding that the precise real-time inhibition of the
CAL region, sparing other hippocampal regions such as the
dorsal (Dentate Gyrus) DG, and CA3 and ventral CAl, is
sufficient to impair remote recall.[15] Temporal precision is
supported with evidences that when time to compensate for
the absence of hippocampal output is allowed, remote
memory recall is no longer impaired.[15] Brain imaging
results showed increase in ACC activity with remote call.[15-
17] In addition, CA1 inhibition during remote recall reduced
the neuronal activity in ACC. The finding that both CA1 and
ACC inhibition interfere with remote recall could also
support the “Transformation Theory”.[18] This suggests that
in system-wide consolidation, the memory is not merely
copied from hippocampus to cortex but rather transformed,
and that both memories remain available, with continuous
interplay.[4] At this point, it is imperative to investigate the
mechanisms by which the hippocampus serves as an
information transfer unit conveying some aspects of
perception of the context to the ACC. Based on the research
findings discussed in this review, memory can be termed 'a
dynamic physiological process' involving hippocampal and
cortical interaction which is still being unravelled.

CONCLUSION

Previously it was believed that memory was
transferred from the hippocampus to the cortex as long-term
memory such that during memory recall, the hippocampus is
not involved. However, we now know that the hippocampus
is involved during memory recall showing the dynamics of
memory function in the brain. In pursuing a deeper
understanding of the dynamics of memory function in the
brain, the fast optogenetic inhibition has shown to be a
valuable tool for further investigations based on the
remarkable results it has provided so far. Together with brain
mapping techniques, it is believed that Cognitive Scientists
will be able to show what structures are involved in memory
transformation and how it occurs. Finally, matching
electrophysiological measurements and the circuits involved
with different behavioural observations will help us further
understand the complex mechanisms of memory coding,
storage, transfer and retrieval.

62 LASU Journal of Medical Sciences, Volume 3(1), January-June, 2018



Transfer of Memory

Conflict of Interest

The authors declare no competing interests.

REFERENCES

1.

10.

LASU Journal of Medical Sciences, Volume 3(1), January-June, 2018

Squire LR. Memory and the hippocampus: A synthesis
from findings with rats, monkey and humans. Psychol
Rev. 1992;99:195-231.

Alvarez P, Zola-Morgan S, Squire LR. Damage
limited to the hippocampal region produces long-
lasting memory impairment in monkeys. J Neurosci.
1995;15:3796-3807.

Squire LR, Shimamura AP, Amaral DG. Neural
Models of Plasticity. J. Byrne and W. Berry, Eds.
Academic Press, San-Diego, CA,1990. pp208-239.
Winocur G, Moscovitch M, Sekeres M. Memory
consolidation or transformation: context manipulation
and hippocampal representations of memory. Nat
Neurosci. 2007;10: 555-557.

Kim JJ, Fanselow MS. Modality-specific retrograde
amnesia of fear. Science.1992;256:675-677.

Winocur G. Anterograde and retrograde amnesia in
rats with dorsal hippocampal or dorsomedial thalamic
lesions. Behav Brain Res. 1990;38: 145.
Zola-Morgan SM, Squire LR. The primate
hippocampal formation: evidence for a time-limited
role in memory storage, Science.1990;250:288.
Ocampo AC, Squire LR, Clark RE. Hippocampal area
CAl and remote memory in rats. Learn Mem.
2017;24(11):563-568.

Yehuda R, Joels M, Morris RGM. The Memory
Paradox. Nature Reviews Neurosci. 2010;11:837-839.
Morris RGM. Elements of a neurobiological theory of

11.

12.

13.

14.

15.

16.

17.

18.

hippocampal function: the role of synaptic-plasticity,
synaptic tagging and schemas. The EJN Award
Lecture. Eur J Neurosci. 2006;23:2829-2846.

Frey JU, Moriss RGM. Synaptic tagging and long-
term potentiation. Nature. 1997;385:533-536.
Frankland PW, Bontempi B, Talton LE, Kaczmarek L,
Silva AJ. The involvement of the anterior cingulate
cortex in remote contextual fear memory. Science.
2004;304:881-883.

Dudai Y. The Neurobiology of consolidations, or, how
stable is the engram? Annu Rev Psychol. 2004;55:51-
86.

Frankland PW, Bontempi B. The organization of
recent and remote memories. Nat Rev Neurosci.
2005;6:119-130.

Goshen I, Brodsky M, Prakash R, Wallace J, Gradinaru
V, Ramakrishnan C, Deisseroth K. Dynamics of
Retrieval Strategies for Remote Memories. Cell.
2011;147:678-689.

Maviel T, Durkin TP, Menzaghi F, Bontempi B. Sites
ofneocortical reorganization critical for remote spatial
memory. Science. 2004;305:96-99.

Harand C, Bertran F, La Joie R, Landeau B, Mézenge
F, Desgranges B, Peigneux P, Eustache F, Rauchs G,
Johnson EC. The Hippocampus Remains Activated
over the Long Term for the Retrieval of Truly Episodic
Memories. Plos ONE. 2012;7(8):1-14.
Rajasethupathy P, Sankaran S, Marshel J, Kim C,
Ferenczi E, Lee S, Berndt A, Ramakrishnan C, Jaffe A,
Lo M, Liston C, Deisseroth K. Projections from
neocortex mediate top-down control of memory
retrieval', Nature. 2015;526(7575):653-659.

63



	Page 1
	Page 2
	Page 3

