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Editorial on the Research Topic

Overcome Fear and Addiction by Manipulating Reconsolidation and Extinction of

Emotional Memories

To survive in a complicated environment, we utilize outside cues to predict future outcomes, either
for avoiding detrimental events such as fearful stimuli or for approaching rewards (LeDoux, 2012).
These cue-associations are stored as aversive and appetitive emotional memories within the brain,
allowing cue-induced retrieval of previous experience to guide our decisions. However, when these
emotional memories become aberrant and maladaptive, they lead to mental disorders such as drug
addiction and post-traumatic stress disorders (Torregrossa et al., 2011; Goode and Maren, 2019).
After retrieval, reactivated emotional memories can undergo reconsolidation or be opposed by new
inhibitory extinction learning (Nader et al., 2000a; Bouton and Moody, 2004; Lee et al., 2006).
Because of the potential of implementing reconsolidation- and extinction-based approaches to
interfere with maladaptive emotional memories and thus to treat related mental disorders, these
two processes have attracted great attention in this field (Flavell and Lee, 2013). In the past decades,
a great deal of effort has been devoted to understanding the behavioral and molecular mechanisms
of reconsolidation and extinction of many types of aversive and appetitive memories; among them,
fear memory and drug reward memory are the most well-studied (Nader et al., 2000b; Quirk et al.,
2000; Reichelt and Lee, 2013). In this special issue, we collect five original research articles and two
review articles that outline advances in the field.

Disrupting reconsolidation is considered to be a promising approach to permanently and
selectively erase emotional memories. Despite growing evidence of successful modulation of
reconsolidation in associative memory models, in which associations form between a conditioned
stimulus (CS; such as auditory and visual cues) and an unconditioned stimulus (US, such as drug
or fearful event), relatively few studies have investigated this process in instrumental memory in
which an action results in a specific outcome. In this special issue, Exton-McGuinness et al. show
that disruption of instrumental memory reconsolidation prevents stress-induced cocaine relapse
but does not affect other forms of relapse triggered by cocaine-associated cues and cocaine itself. As
instrumental learning typically involves both associative and instrumental memories, they suggest
that both components should be disrupted to prevent relapse successfully. Evidence shows that a
brief CS exposure procedure could be utilized to achieve the disruption of the associative memory
component in the instrumental memory model. Monsey et al. show that intra-amygdala Garcinol
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prevents CS-induced cocaine relapse by disrupting the brief
CS exposure-triggered reconsolidation through an epigenetic
mechanism. Future studies should investigate the similarities and
differences in the reconsolidation of associative and instrumental
emotional memories at both the behavioral and molecular levels.

Most studies on reconsolidation focus on the association of
a singular cue with an emotional experience. Realistically, an
emotion usually becomes associated with various cues. Thus,
targeting reconsolidation of a singular cue-associated memory is
unlikely to disrupt all cue associations with an emotion. First,
cue-triggered reconsolidation is selective to the particular cue-
related associations. Second, it is impossible to know all the cues
that are associated with an emotion. Recent studies propose an
alternative strategy: disruption of US-induced reconsolidation to
erase the reactivated US (emotional event) associated with all
memories (Debiec et al., 2010; Liu et al., 2014). HereMeir Drexler
et al. report that re-exposure to a weaker US prevents fear relapse,
which raises an interesting question about whether the US serves
as a reminder to reactivate a particular memory and then trigger
reconsolidation or to weaken the original memory through a
mechanism of generalization.

Another approach to interfere with emotional memories is
to enhance or facilitate extinction (Quirk and Mueller, 2008),
a process that has been hypothesized as the basis of “exposure
therapy” in clinical settings. Yousuf et al. report that infusion
of 17β-estradiol (E2) into the infralimbic cortex, a brain region
proposed to form and store extinction memory, increases
neuronal excitability and facilitates extinction of cocaine seeking
in ovariectomized female rodents. This study suggests that
E2 optimization could be a promising adjunct for enhancing
extinction-based therapy in women.

Although many studies have successfully interfered with
emotional memories by strategies engaging reconsolidation and
extinction, controversial results have also been reported (Bos
et al., 2012; Schroyens et al., 2017). Previous studies have
shown that “retrieval-extinction,” a procedure implemented by
inserting a constrained interval between memory retrieval and
the following extinction, could disrupt fear memory and drug
reward memory (Monfils et al., 2009; Xue et al., 2012). However,
Struik et al. show that the “retrieval-extinction” procedure
dampens the extinction of nicotine reward memory but does
not affect cocaine reward memory. Notably, this study not only

demonstrates discrepancies between their findings and others
but also points out an important concern: drug class should

be seriously considered in drug memory studies. Vaverková
et al. describe one of the popular explanations for controversial
findings in reconsolidation studies: boundary conditions that
prevent memory retrieval from generating sufficient prediction
error to destabilize memory. Importantly, Vaverková et al. also
highlight a “limbo” process that separates reconsolidation and
extinction, during which amnestic agents lose the ability to
interfere with emotional memory. The outcomes of amnestic
agents depend on the dominance of memory trace (Eisenberg
et al., 2003); therefore, the “limbo” process should be paid
much more attention in the future because, currently, only
reconsolidation and extinction have been well studied.

Emotional memories critically guide our decisions as we rely
on both appetitive and aversive memories in our daily lives.
In many cases, simultaneously retrieving these two opposing
memories could result in a conflict while making a decision
(Kirlic et al., 2017). Bravo-Rivera and Sotres-Bayon introduce
two conflict choice-based behavioral tasks, in which animals need
to choose between approaching a reward and avoiding a fearful
event. They summarize current knowledge on the competition
between aversive and appetitive emotional memory retrieval in
conflicting choice tasks. We anticipate that these choice-based
emotional tasks will be widely used as preclinical models to
screen novel treatments for related mental disorders and to study
the phenomenon of pathological and/or excessive choices in
patients suffering from related mental disorders.

In conclusion, the seven articles in this special issue
represent the challenges and treatment potential of targeting
reconsolidation of emotional memories and facilitating
extinction learning. This special issue provides new knowledge of
reconsolidation and extinction processes as well as outstanding
perspectives on how emotional memory contributes to the
development of related mental disorders. These contributions
bring us a step closer to efficaciously interfering with maladaptive
emotional memory to achieve better treatment outcomes.

AUTHOR CONTRIBUTIONS

JL and DM wrote the paper. All authors approved it
for publication.

FUNDING

DM was supported by NIH DA038042 and MD007579.

REFERENCES

Bos, M. G., Beckers, T., and Kindt, M. (2012). The effects of noradrenergic

blockade on extinction in humans. Biol. Psychol. 89, 598–605.

doi: 10.1016/j.biopsycho.2012.01.007

Bouton, M. E., and Moody, E. W. (2004). Memory processes in

classical conditioning. Neurosci. Biobehav. Rev. 28, 663–674.

doi: 10.1016/j.neubiorev.2004.09.001

Debiec, J., Diaz-Mataix, L., Bush, D. E., Doyere, V., and Ledoux,

J. E. (2010). The amygdala encodes specific sensory features of

an aversive reinforcer. Nat. Neurosci. 13, 536–537. doi: 10.1038/

nn.2520

Eisenberg,M., Kobilo, T., Berman, D. E., andDudai, Y. (2003). Stability of retrieved

memory: inverse correlation with trace dominance. Science 301, 1102–1104.

doi: 10.1126/science.1086881

Flavell, C. R., and Lee, J. L. (2013). Reconsolidation and extinction of

an appetitive pavlovian memory. Neurobiol. Learn. Mem. 104, 25–31.

doi: 10.1016/j.nlm.2013.04.009

Goode, T. D., and Maren, S. (2019). Common neurocircuitry mediating drug

and fear relapse in preclinical models. Psychopharmacology 236, 415–437.

doi: 10.1007/s00213-018-5024-3

Kirlic, N., Young, J., and Aupperle, R. L. (2017). Animal to human translational

paradigms relevant for approach avoidance conflict decision making. Behav.

Res. Ther. 96, 14–29. doi: 10.1016/j.brat.2017.04.010

Frontiers in Behavioral Neuroscience | www.frontiersin.org 2 November 2020 | Volume 14 | Article 613612

https://doi.org/10.3389/fnbeh.2019.00254
https://doi.org/10.3389/fnbeh.2019.00168
https://doi.org/10.3389/fnbeh.2019.00243
https://doi.org/10.3389/fnbeh.2020.574358
https://doi.org/10.3389/fnbeh.2020.574358
https://doi.org/10.3389/fnbeh.2020.00036
https://doi.org/10.1016/j.biopsycho.2012.01.007
https://doi.org/10.1016/j.neubiorev.2004.09.001
https://doi.org/10.1038/nn.2520
https://doi.org/10.1126/science.1086881
https://doi.org/10.1016/j.nlm.2013.04.009
https://doi.org/10.1007/s00213-018-5024-3
https://doi.org/10.1016/j.brat.2017.04.010
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


Liu et al. Editorial: Fear and Drug Reward Memories

LeDoux, J. E. (2012). Evolution of human emotion: a view through fear. Prog. Brain

Res. 195, 431–442. doi: 10.1016/B978-0-444-53860-4.00021-0

Lee, J. L., Milton, A. L., and Everitt, B. J. (2006). Reconsolidation and extinction

of conditioned fear: inhibition and potentiation. J. Neurosci. 26, 10051–10056.

doi: 10.1523/JNEUROSCI.2466-06.2006

Liu, J., Zhao, L., Xue, Y., Shi, J., Suo, L., Luo, Y., Chai, B., Yang, C., Fang,

Q., Zhang, Y., et al. (2014). An unconditioned stimulus retrieval extinction

procedure to prevent the return of fear memory. Biol. Psychiatry 76, 895–901.

doi: 10.1016/j.biopsych.2014.03.027

Monfils, M. H., Cowansage, K. K., Klann, E., and LeDoux, J. E. (2009). Extinction-

reconsolidation boundaries: key to persistent attenuation of fear memories.

Science 324, 951–955. doi: 10.1126/science.1167975

Nader, K., Schafe, G. E., and Le Doux, J. E. (2000a). Fear memories require

protein synthesis in the amygdala for reconsolidation after retrieval. Nature

406, 722–726. doi: 10.1038/35021052

Nader, K., Schafe, G. E., and LeDoux, J. E. (2000b). The labile nature of

consolidation theory. Nat. Rev. Neurosci. 1, 216–219. doi: 10.1038/35044580

Quirk, G. J., and Mueller, D. (2008). Neural mechanisms of extinction learning

and retrieval. Neuropsychopharmacology 33, 56–72. doi: 10.1038/sj.npp.

1301555

Quirk, G. J., Russo, G. K., Barron, J. L., and Lebron, K. (2000). The role of

ventromedial prefrontal cortex in the recovery of extinguished fear. J. Neurosci.

20, 6225–6231. doi: 10.1523/JNEUROSCI.20-16-06225.2000

Reichelt, A. C., and Lee, J. L. (2013). Memory reconsolidation in

aversive and appetitive settings. Front. Behav. Neurosci. 7:118.

doi: 10.3389/fnbeh.2013.00118

Schroyens, N., Beckers, T., and Kindt, M. (2017). In search for boundary

conditions of reconsolidation: a failure of fear memory interference. Front.

Behav. Neurosci. 11:65. doi: 10.3389/fnbeh.2017.00065

Torregrossa, M. M., Corlett, P. R., and Taylor, J. R. (2011). Aberrant

learning and memory in addiction. Neurobiol. Learn. Mem. 96, 609–623.

doi: 10.1016/j.nlm.2011.02.014

Xue, Y. X., Luo, Y. X., Wu, P., Shi, H. S., Xue, L. F., Chen, C., et al. (2012). A

memory retrieval-extinction procedure to prevent drug craving and relapse.

Science 336, 241–245. doi: 10.1126/science.1215070

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Liu, Lu and Mueller. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Behavioral Neuroscience | www.frontiersin.org 3 November 2020 | Volume 14 | Article 613612

https://doi.org/10.1016/B978-0-444-53860-4.00021-0
https://doi.org/10.1523/JNEUROSCI.2466-06.2006
https://doi.org/10.1016/j.biopsych.2014.03.027
https://doi.org/10.1126/science.1167975
https://doi.org/10.1038/35021052
https://doi.org/10.1038/35044580
https://doi.org/10.1038/sj.npp.1301555
https://doi.org/10.1523/JNEUROSCI.20-16-06225.2000
https://doi.org/10.3389/fnbeh.2013.00118
https://doi.org/10.3389/fnbeh.2017.00065
https://doi.org/10.1016/j.nlm.2011.02.014
https://doi.org/10.1126/science.1215070
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles

	Editorial: Overcome Fear and Addiction by Manipulating Reconsolidation and Extinction of Emotional Memories
	Author Contributions
	Funding
	References


