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Stress, sleep, and the selective consolidation of
emotional memories
Jessica D Payne1 and Elizabeth A Kensinger2
Memory consolidation processes can be highly selective. For
example, emotional aspects of events tend to be consolidated
more readily than other, more neutral aspects. We first
describe evidence that the sleeping brain provides an ideal
environment for memory consolidation, and that active, as
opposed to passive, sleep-based consolidation processes are
particularly important in explaining why emotional memories
are retained so well. We then briefly review evidence that
elevated levels of stress support emotional memory
consolidation. Finally, we propose a working model that
describes why stress at encoding may set the stage for sleep to
etch emotional memories in the brain on a lasting, if not
permanent, basis, and we present recent data to support this
model.
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Memory for negative events is a double-edged sword.
Although our ability to learn from and remember negative
experiences is critical for survival, negative memory
biases contribute to the etiology and perpetuation of
affective disorders [1–3]. Recent research emphasizes
that to understand how memories for negative events
become etched in the brain, it is necessary to consider
both the stress and arousal experienced during the event
and the sleep that occurs shortly thereafter.
Although it is well known that emotional memory formation can be enhanced by sleep (e.g. [4,5]) and by stress
exposure (e.g. [6–8]), only recently has research investigated how sleep and stress interact to influence emotional
memory consolidation. Yet there is biological and
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psychological evidence for an overlap between these
factors. For example, the stress hormone cortisol peaks
during late-night rapid eye movement (REM)-rich sleep,
and elevated stress is a common trigger for sleep disruption (and vice versa; [9]). Recent evidence from our
laboratories suggests that the sleeping brain’s ability to
selectively enhance emotional memory consolidation
depends on stress and arousal levels at the time of learning,
with stress responses during learning setting in motion a
cascade of neurochemical events that lead to downstream
selective consolidation of emotional aspects of memories. These results link the traditionally separate fields of
stress and sleep by making two complementary suggestions: first, elevated stress and arousal responses during
learning maximize downstream sleep-dependent emotional memory consolidation effects, and second, sleep in
the delay interval enables stress-based emotional memory consolidation effects to emerge. We begin with brief
reviews of the literatures that separately link sleep and
stress to the consolidation of emotional memory and then
return to the idea that stress during learning interacts
with subsequent sleep to optimize the consolidation of
emotional memories.

Sleep and emotional memory consolidation
Consolidation processes, which occur slowly following
learning [10], depend on a molecular cascade leading to
structural and functional changes in neurons [11]. Multiple levels of analysis suggest that the offline brain state of
sleep provides ideal conditions for consolidation [12,13],
including emotional memory consolidation ([14,15]; see
Box 1). At the molecular level, there are several immediate early genes related to synaptic plasticity (e.g. zif-268)
that are up-regulated during REM sleep in response to
manipulations and memory tasks targeting the amygdala
and hippocampus (HC) [16–18], suggesting that sleep
constitutes a privileged window for consolidation of
emotional memories within larger associative networks
[19–21]. At the cellular and regional levels, activation
patterns seen during daytime task training in the rat (e.g.
[22]) and human HC [23,24] are reactivated during
subsequent slow wave sleep (SWS). Moreover, medial
temporal regions, including the amygdala and HC, are
more active during REM sleep than during wakefulness
[25,26]. Thus, although sleep is a state of behavioral
quiescence, it is associated with intense neuronal activity, increased expression of key plasticity-related genes
in the brain, reactivation of neuronal assemblies involved
in learning, and functional increases in brain areas
www.sciencedirect.com
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Box 1 Sleep stages and emotional memory consolidation.
Sleep is not uniform across the night. The two stages of sleep most closely linked to

REM

selective memory consolidation are REM and SWS.

SWS

REM:
- The amount of REM sleep obtained often correlates with improved memory for emotional
information (e.g. [31–36]) and to neural activity during retrieval of emotional information

Awake

[37], including neutral information previously studied in an emotional context [38].

1

SWS:
- SWS during a nap relates to selective consolidation of emotional information [39].

2

- During overnight sleep, slow oscillatory activity links to memory for content with future

3

relevance [40], and NE blockade during SWS disrupts temporal memory for emotional

4

- For memories cued during sleep, SWS duration and SWS spindles relate to facilitated

information [41].
memory judgments for emotional information [42].

1

2

3

4

5

6

7

8

Interactions between SWS and REM:
- Sequential models of consolidation, whereby SWS enables network-level reconfiguration
of memory traces, and REM sleep operates upon those reconfigured traces (e.g. [43–45])
may apply to emotional memory [46].

necessary for emotional memory processing. Moreover,
sleep often selectively benefits the consolidation of
emotional over neutral information [14] and leads to
strengthened connectivity within an emotional memory
retrieval network [27!,28–30]. These lines of evidence
provide compelling support for an active role for sleep in
memory processing, as opposed to merely a passive role
involving circadian influences or protection for waking
interference [4].

Stress hormones and emotional memory
consolidation
Like sleep, stress exposure often benefits memory consolidation, particularly for emotionally arousing experiences [47]. The sympathetic nervous system (SNS) and
the hypothalamic-pituitary-adrenal (HPA) axis work in
concert to enhance memory for emotional information
during times of stress [8], likely because concurrent
cortisol and norepinephrine activity in the basolateral
amygdala intensifies interactions among the amygdala,
HC and other memory-relevant regions such as the
vmPFC. Given the importance of this network for emotional memory, its potentiation by stress is thought to
underlie behavioral evidence for selective consolidation
of emotional memories over neutral ones. In humans,
stress exposure facilitates the consolidation of emotionally arousing, relative to neutral, pictures and stories
[48,49], and even enhances emotional relative to neutral
features within a single complex episode [7]. Evidence
from multiple levels of analysis, from cellular analysis to
fMRI studies, have demonstrated that while elevated
stress often impairs HC and PFC function, amygdala
function is enhanced (e.g. [50,51]). In humans, the cortisol response associated with stress exposure correlates
with HC deactivation [52], with enhanced amygdala
activity, and with better subsequent memory for
www.sciencedirect.com

emotional information [53]. Each of these lines of work
highlights the importance of stress and cortisol during
learning on the downstream consolidation of memory for
emotionally arousing experiences.
Stress can enhance emotional memory consolidation
regardless of whether exposure directly precedes, directly
follows, or occurs during new learning. While a new metaanalysis ([54!]; see Box 2) suggests that the effects of preencoding stress on memory are varied, sleep has rarely
been considered as a mediating factor. Yet nearly all
studies showing a beneficial impact of stress on emotional
memory examine memory after delays of 24 hours or
more, necessitating a period of sleep in the retention
interval [38]. Indeed, in most studies showing emotional
memory enhancement by stress, sleep has occurred
shortly after the new materials are learned.

Working model: stress near new learning
interacts with sleep to enable selective
emotional memory consolidation
As reviewed above, sleep and stress have separately been
tied to enhanced emotional memory consolidation. Distinct from this is the idea that factors operating near new
learning (e.g. just before, just after, or during the learning
event) set the stage for downstream selectivity in sleepbased memory consolidation, which in turn leads to the
persistence of emotional aspects of memories [55]. Here,
we propose a model that makes two novel predictions
about how these interactions between learning and consolidation occur. First, arousal-related neuromodulators
(e.g. norepinephrine, cortisol) present during and after
learning help set molecular ‘tags’ that designate specific
traces of emotional (or other salient) information within
an event to be prioritized for consolidation. Importantly,
the very concept of a ‘tag’ seeks to explain how neural
Current Opinion in Behavioral Sciences 2018, 19:36–43
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Proposed Model
(see Figure 1)

Box 2 Encoding-related stress and selective memory consolidation.
Memory selectivity
after sleep linked to
prioritization signals
(via physiological
activation or attention)

Re-prioritization
possible based on
new learning shortly
after encoding.

Most beneficial to
memory when closely
precedes learning

Most beneficial to
memory when related
to encoded content

Most beneficial to
memory when occurs
in same context as
learning

Pre-Encoding
Stress Response

Encoding Stress
Response

Memory selectivity after
sleep linked to cortisol
before, during, or shortly
after encoding.

A recent meta-analysis [54!] digested the conditions under which stress around
the time of learning benefits memory. While this meta-analysis emphasized
distinctions between pre-encoding, encoding, and post-encoding stress, the
combination of features revealed to benefit memory would be consistent with
the exposure of stress concurrent with a real-world experience: The stress
would onset close to the time of an event, would be relevant to the encoded
event content, and would occur in the same context as the encoded event.
As summarized in the text, the new model adds a layer to the proposed effects
of Cortisol on memory, making predictions not for overall effects on memory

Post-Encoding
Stress Response

but for selective memory benefits for emotional (or other salient) aspects of an
event that may become maximally apparent after sleep. The model proposes
that memory selectivity after sleep will be exaggerated when Cortisol and
norepinephrine levels are high around time of learning (before, during, or
shortly after learning occurs) and when there are clear prioritization signals
present around the time of new learning.

Consolidation

Encoding

Time

signaling creates a target for subsequent plasticity-related
products (PRP) that are essential for sustained and selective plasticity in neural circuits. Thus, such tags, which are
set during or near the learning event [56,57!], ensure
memory specificity by guaranteeing that PRPs required
for memory stabilization are captured only by activated
representations and not others, thereby setting the stage
for consolidation of selective event features to occur. This
stabilization process enables the relevant representations

to retain their strength for at least several hours. Although
we cannot measure these tags directly in humans, we
propose that evidence of these tags exists in strengthened
connectivity among regions critical for emotional memory — the amygdala, hippocampus, and ventromedial
PFC — as well as in improved behavioral performance
(i.e. behavioral tagging [58!!]) for emotional relative to
neutral content. Second, and critically, the model argues
that the unique high frequency stimulation and

Figure 1
Stress-Sleep Interactions Link Short-Term Synaptic Plasticity (i.e. Synaptic or Cellular Consolidation) in Memory
Circuits to Long Lasting Systems Consolidation
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During an emotional experience, stress-related and arousal-related neuromodulators are released. Their presence helps set molecular tags that
mark key features of an emotional experience. The unique, high-frequency stimulation that occurs during post-learning sleep (e.g. hippocampal
sharp wave ripples, sleep spindles, theta rhythm) further potentiates these changes, helping to translate shorter-term synaptic changes into the
long-lasting changes that underlie systems consolidation.
Current Opinion in Behavioral Sciences 2018, 19:36–43
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reactivation that occurs during post-learning sleep is
essential for linking these distributed tags into the integrated memory trace that allows long-lasting systems
consolidation. In other words, sleep is necessary for the
integration of these synaptic tags, which are an early
signature of activity in both subcortical (HC, AMY)
and neocortical (PFC) areas [59], to either persist or at
least to ensure the progressive rewiring of these networks
that support long term memory storage. The outcome is
that neural and behavioral markers of selective emotional
memory consolidation will be optimal when first, arousal

related neuromodulators are elevated around the learning
event, and second, sleep occurs shortly thereafter during
the consolidation interval (Figure 1).
This model is well grounded in the existing neurobiological literature. Amygdala stimulation and emotional
arousal can prolong early-LTP into late-LTP, which
requires protein synthesis (e.g. [60]), and pharmacological
studies provide evidence for noradrenergic involvement
in LTP modulation [61]. Activation of the molecular
cascades that regulate protein synthesis could be one

Figure 2
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Higher resting cortisol (a) or skin conductance response (b) at the time of learning was linked to enhanced retrieval of negative, but not neutral,
information. Enhanced resting cortisol also was related to (c) an increased relation between looking time at encoding and subsequent memory
specifically for negative (not neutral) information and (d) enhanced activity in the medial PFC (in red) and amygdala (in purple) during retrieval of
negative information. These patterns were significant only in those who slept (and not those who remained awake) during the memory delay
period.
Figures adapted from [65] (b) and [27!,28] (a, c, and d).
www.sciencedirect.com
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of the functions of norepinephrine, and perhaps other
arousal related neuromodulators such as cortisol. In the
presence of a temporally related emotional learning
event, neuronal metabolism, transcription, and translation
may be activated via noradrenergic projections, thus
providing the tagged synapses with the proteins required
to reinforce and prolong the modification in synaptic
efficacy. Synaptic tagging is a cellular phenomenon, yet
activation of PRPs may be triggered by emotional events
and likely results in the consequent release of arousalrelated neuromodulators that enhance connectivity
within critical emotional memory circuits (e.g. amygdala,
hippocampus, PFC regions). It is therefore a phenomenon that may bridge cellular and systems aspects of
memory formation. Thus, synaptic tagging can act as a
filter that ‘selects’ a relevant event, or even a specific
aspect of an event, allowing only that information to be
subject to the longer time scale of systems consolidation.
Sleep may be the ideal brain state for systems consolidation to occur [62], because it is a protected time that also
consists of several unique high frequency stimulation
events (spindles, sharp wave-ripple events, theta rhythm)
that may help maintain system wide plastic changes over
a longer period. Additionally, because there is also cholinergic involvement in LTP modulation [63], the acetylcholine-driven REM sleep state may help boost longterm plastic changes for emotional memories specifically.
Thus, once the tags are set during learning, sleep may
contribute to the lasting and selective plasticity within
emotional memory networks required for long-term emotional memory. Indeed, we have shown previously that
optimal emotional memory consolidation occurs when
two conditions are met: cortisol levels are elevated during
learning and sleep takes place during the subsequent
consolidation delay ([27!,28]; see Figure 2). Thus, while
cortisol benefits effective tagging, increasing the likelihood of long-term plasticity [64], sleep enhances the
efficiency with which those tags are executed.
One important consideration is that cortisol has a sluggish
timecourse. Thus, although cortisol may provide important background conditions for setting a salience ‘tag’,
there must be a faster signal that denotes salience on a
trial-by-trial basis. Indeed, we have demonstrated that
trial-by-trial changes in skin conductance responses during learning predict subsequent memory for emotional
(but not neutral) information 12hr later, but, again, only if
a night of sleep occurred during the delay ([65]; see
Figure 2b).
We hypothesize that the sympathetic responses generated by the emotionally arousing stimuli themselves
provide a salience signal, and that, along with elevated
cortisol during learning, an optimal neurochemical environment for the ‘tagging’ of these salient portions of an
event is achieved. Although this hypothesis still requires
Current Opinion in Behavioral Sciences 2018, 19:36–43

direct testing, it is in line with evidence demonstrating
that HPA axis and sympathetic activation are essential for
emotional memory consolidation (e.g. [66,67]). Consolidation processes, which we hypothesize will be optimized
during sleep, would then ‘select’ these emotionally
salient items for preferential processing, leading to
long-lasting changes in the neural trace that continue
to be reflected at the time of retrieval.

Conclusion
Although separate literatures link sleep and stress to
selective emotional memory consolidation, we argue that
these brain states interact in critical, indeed necessary,
ways to promote selective remembering. Secretion of
stress-related and arousal-related neuromodulators at
the time of encoding promotes the selective tagging of
memories, which is necessary for sleep-based processes to
identify the correct representations for reactivation and
systems-level memory reorganization. Likewise, sleep
soon after encoding is necessary for these stress and
arousal promoted tags to achieve a long-lasting impact,
because sleep physiology is unique in its ability to promote the high frequency stimulation that we believe
promotes the systems level consolidation underlying truly
long-term memory. In this cooperative manner, we suggest that stress and sleep, by linking encoding and consolidation processes, and by linking synaptic consolidation to systems consolidation, allow long lasting emotional
memories to form and persist.
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Prehn-Kristensen A, Göder R: The effect of selective REM-sleep
deprivation on the consolidation and affective evaluation of
emotional memories. Neurobiol Learn Mem 2015, 122:131-141
http://dx.doi.org/10.1016/j.nlm.2015.02.008 Epub 2015 February
20. PMID: 25708092.
Current Opinion in Behavioral Sciences 2018, 19:36–43

42 Emotion–cognition interactions

37. Sterpenich V, Schmidt C, Albouy G, Matarazzo L,
Vanhaudenhuyse A, Boveroux P, Degueldre C, Leclercq Y,
Balteau E, Collette F, Luxen A, Phillips C, Maquet P:
Memory reactivation during rapid eye movement sleep
promotes its generalization and integration in cortical
stores. Sleep 2014, 37:1061-1075 http://dx.doi.org/10.5665/
sleep.3762 1075A–1075B. PMID: 24882901; PMCID:
PMC4015380.
38. Bennion KA, Payne JD, Kensinger EA: Residual effects of
emotion are reflected in enhanced visual activity after sleep.
Cogn Affect Behav Neurosci 2017, 17:290-304 http://dx.doi.org/
10.3758/s13415-016-0479-3 PMID: 27957670.
39. Payne JD, Kensinger EA, Wamsley EJ, Spreng RN, Alger SE,
Gibler K, Schacter DL, Stickgold R: Napping and the selective
consolidation of negative aspects of scenes. Emotion 2015,
15:176-186 http://dx.doi.org/10.1037/a0038683 Epub
2015 February 23. PMID: 25706830.
40. Wilhelm I, Diekelmann S, Molzow I, Ayoub A, Mölle M, Born J:
Sleep selectively enhances memory expected to be of
future relevance. J Neurosci 2011, 31:1563-1569 http://dx.doi.
org/10.1523/JNEUROSCI.3575-10.2011 PMID: 21289163.
41. Groch S, Wilhelm I, Diekelmann S, Sayk F, Gais S, Born J:
Contribution of norepinephrine to emotional memory
consolidation during sleep. Psychoneuroendocrinology 2011,
36:1342-1350 http://dx.doi.org/10.1016/j.psyneuen.2011.03.006
Epub 2011 Apr 13. PubMed PMID: 21493010.
42. Cairney SA, Durrant SJ, Hulleman J, Lewis PA: Targeted memory
reactivation during slow wave sleep facilitates emotional
memory consolidation. Sleep 2014, 37:701-707 http://dx.doi.
org/10.5665/sleep.3572 707A. PMID: 24688163; PMCID:
PMC3954173.
43. Giuditta A, Ambrosini MV, Montagnese P, Mandile P, Cotugno M,
Grassi Zucconi G, Vescia S: The sequential hypothesis of the
function of sleep. Behav Brain Res 1995, 69:157-166 Review.
PMID: 7546307.
44. Ambrosini MV, Giuditta A: Learning and sleep: the
sequential hypothesis. Sleep Med Rev 2001, 5:477-490
PMID: 12531155.
45. Walker MP, Stickgold R: Overnight alchemy: sleep-dependent
memory evolution. Nat Rev Neurosci 2010, 11:218 http://dx.doi.
org/10.1038/nrn2762-c1 author reply 218. PMID: 20168316;
PMCID: PMC2891532.
46. Cairney SA, Durrant SJ, Power R, Lewis PA: Complementary
roles of slow-wave sleep and rapid eye movement sleep in
emotional memory consolidation. Cereb Cortex 2015, 25:15651575 http://dx.doi.org/10.1093/cercor/bht349 Epub 2014 January
9. PMID: 24408956.
47. McIntyre CK, McGaugh JL, Williams CL: Interacting brain
systems modulate memory consolidation. Neurosci Biobehav
Rev 2012, 36:1750-1762 http://dx.doi.org/10.1016/j.
neubiorev.2011.11.001 Epub 2011 November 7. Review. PMID:
22085800; Central PMCID: PMC3315607.
48. Buchanan TW, Lovallo WR: Enhanced memory for
emotional material following stress-level cortisol treatment
in humans. Psychoneuroendocrinology 2001, 26:307-317 PMID:
11166493.
49. de Quervain DJ, Aerni A, Schelling G, Roozendaal B:
Glucocorticoids and the regulation of memory in health and
disease. Front Neuroendocrinol 2009, 30:358-370 http://dx.doi.
org/10.1016/j.yfrne.2009.03.002 Epub 2009 March 31. Review.
PMID: 19341764.

Deactivation of the limbic system during acute psychosocial
stress: evidence from positron emission tomography and
functional magnetic resonance imaging studies. Biol
Psychiatry 2008, 63:234-240 Epub 2007 August 8. PMID:
17686466.
53. van Stegeren AH, Wolf OT, Everaerd W, Scheltens P, Barkhof F,
Rombouts SA: Endogenous cortisol level interacts with
noradrenergic activation in the human amygdala.
Neurobiol Learn Mem 2007, 87:57-66 Epub 2006 August
1. PMID: 16884932.
54. Shields GS, Sazma MA, McCullough AM, Yonelinas AP: The
!
effects of acute stress on episodic memory: a meta-analysis
and integrative review. Psychol Bull 2017 http://dx.doi.org/
10.1037/bul0000100. [Epub ahead of print] PMID: 28368148.
An informative meta-analysis of studies that have examined the effects of
stress on episodic memory, providing insight into additional factors that
may influence the effects of stress on memory and suggesting guidelines
to follow for those interesting in maximizing key effects of stress on
memory
55. Dudai Y, Morris RGM: To consolidate or not to consolidate:
what are the questions? In Brain, Perception, Memory.
Advances in Cognitive Sciences. Edited by Bulhuis JJ. Oxford:
Oxford Univ. Press; 2000:149-162.
56. Wang SH, Morris RG: Hippocampal–neocortical interactions
in memory formation, consolidation, and reconsolidation.
Annu Rev Psychol 2010, 61:49-79 http://dx.doi.org/
10.1146/annurev.psych.093008.100523 C1-4. Review.
PMID: 19575620.
57. Moncada D, Ballarini F, Viola H: Behavioral tagging: a translation
!
of the synaptic tagging and capture hypothesis. Neural Plast
2015, 2015:650780 http://dx.doi.org/10.1155/2015/650780
Epub 2015 August 25. Review. PMID: 26380117; PMCID:
PMC4562088.
A critical and up to date review of the literature on synaptic and behavioral
tagging in both rodents and humans
58. Dunsmoor JE, Murty VP, Davachi L, Phelps EA: Emotional
!! learning selectively and retroactively strengthens memories
for related events. Nature 2015, 520:345-348 http://dx.doi.org/
10.1038/nature14106 Epub 2015 January 21. PMID: 25607357;
PMCID: PMC4432479.
This was the first paper to provide evidence for behavioral tagging in
humans. The authors show that information can be selectively and
retroactively consolidated if conceptually similar information is made
salient through an emotional experience (i.e. shock)
59. Kitamura T, Ogawa SK, Roy DS, Okuyama T, Morrissey MD,
Smith LM, Redondo RL, Tonegawa S: Engrams and circuits
crucial for systems consolidation of a memory. Science 2017,
356:73-78 http://dx.doi.org/10.1126/science.aam6808 PMID:
28386011.
60. Frey S, Bergado-Rosado J, Seidenbecher T, Pape HC, Frey JU:
Reinforcement of early long-term potentiation (early-LTP) in
dentate gyrus by stimulation of the basolateral amygdala:
heterosynaptic induction mechanisms of late-LTP. J Neurosci
2001, 21:3697-3703 PMID: 11331399.
61. Ikegaya Y, Nakanishi K, Saito H, Abe K: Amygdala betanoradrenergic influence on hippocampal long-term
potentiation in vivo. Neuroreport 1997, 8:3143-3146 PMID:
9331930.
62. Diekelmann S, Born J: The memory function of sleep. Nat Rev
Neurosci 2010, 11:114-126 http://dx.doi.org/10.1038/nrn2762
Epub 2010 January 4. Review. PMID: 20046194.

50. Ghosh S, Laxmi TR, Chattarji S: Functional connectivity from the
amygdala to the hippocampus grows stronger after stress.
J Neurosci 2013, 33:7234-7244 http://dx.doi.org/10.1523/
JNEUROSCI.0638-13.2013 PMID: 23616532.

63. Banks PJ, Warburton EC, Brown MW, Bashir ZI: Mechanisms of
synaptic plasticity and recognition memory in the perirhinal
cortex. Prog Mol Biol Transl Sci. 2014, 122:193-209 http://dx.doi.
org/10.1016/B978-0-12-420170-5.00007-6 Review. PMID:
24484702.

51. Vyas A, Mitra R, Shankaranarayana Rao BS, Chattarji S: Chronic
stress induces contrasting patterns of dendritic remodeling in
hippocampal and amygdaloid neurons. J Neurosci 2002,
22:6810-6818 PMID: 12151561.

64. Morris RG: Elements of a neurobiological theory of
hippocampal function: the role of synaptic plasticity, synaptic
tagging and schemas. Eur J Neurosci 2006, 23:2829-2846
Review. PMID: 16819972.

52. Pruessner JC, Dedovic K, Khalili-Mahani N, Engert V, Pruessner M,
Buss C, Renwick R, Dagher A, Meaney MJ, Lupien S:

65. Cunningham TJ, Crowell CR, Alger SE, Kensinger EA, Villano MA,
Mattingly SM, Payne JD: Psychophysiological arousal at

Current Opinion in Behavioral Sciences 2018, 19:36–43

www.sciencedirect.com

Stress, sleep, and emotional memory Payne and Kensinger 43

encoding leads to reduced reactivity but enhanced emotional
memory following sleep. Neurobiol Learn Mem 2014, 114:155164 http://dx.doi.org/10.1016/j.nlm.2014.06.002 Epub 2014 June
18. PMID: 24952130.
66. Abercrombie HC, Speck NS, Monticelli RM: Endogenous
cortisol elevations are related to memory facilitation
only in individuals who are emotionally aroused.

www.sciencedirect.com

Psychoneuroendocrinology 2006, 31:187-196 Epub 2005 October
12. PMID: 16225997.
67. Roozendaal B, Hui GK, Hui IR, Berlau DJ, McGaugh JL,
Weinberger NM: Basolateral amygdala noradrenergic
activity mediates corticosterone-induced enhancement of
auditory fear conditioning. Neurobiol Learn Mem 2006, 86:249255 Epub 2006 April 21. PMID: 16630730.

Current Opinion in Behavioral Sciences 2018, 19:36–43

