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The paper by Henckens and colleagues
is a very welcome addition to the litera-
ture on emotion-cognition interactions,
in general, and on the impact of stress,
in particular. By combining functional
magnetic resonance imaging (fMRI) with
carefully controlled cortisol adminis-
tration, this study explored the neural
substrates of time-dependent effects of
stress hormones on attentional process-
ing and emotion interference. Findings
suggest a temporally fine-tuned cor-
tisol’s action, with an initial surge in
vigilance that impairs selective attention
(reflected in increased emotional inter-
ference), followed by a facilitation of
sustained attention, seemingly contribut-
ing to the restoration of brain function
following stress. These findings have
important implications for understanding
the stress hormones’ effects on affective
and cognitive processing in healthy
functioning, and provide insights into
possible mechanisms for stress-related
disorders, such as post-traumatic stress
disorder (PTSD).

Previous research provided evidence
that stress hormones impact cognition
and behavior (McEwen et al., 1995; de
Kloet et al., 2005; Arnsten, 2009), with

corticosteroids, in particular, having pro-
found influences on both affective and
cognitive functions (de Kloet et al., 1999;
Erickson et al., 2003; Roozendaal et al.,
2006b), as they can easily cross the blood–
brain barrier and readily bind to receptors
located in emotion (amygdala—AMY)
and cognitive (hippocampus—HC and
prefrontal cortex—PFC) processing brain
regions (Lupien et al., 2007; Roozendaal
et al., 2009). Recent evidence from
research in rodents suggests that corti-
costeroids can induce rapid, non-genomic
effects followed by slower, genomic effects
that can impact cognitive functions
in opposite and complementary ways
(Karst et al., 2005; Wiegert et al., 2005).
Traditionally, animal research has focused
on the effects of corticosteroids on HC,
where corticosteroids’ genomic effects
have been known for decades to suppress
neuronal excitability (Joëls and de Kloet,
1989; Kerr et al., 1989) and long-term
potentiation (LTP) (Pavlides et al., 1995;
Wiegert et al., 2005), the alleged neurobi-
ological substrate of memory formation
(Martin and Morris, 2002). However,
recent findings indicated that corticos-
teroids increase hippocampal neuronal
excitability (Karst et al., 2005) and LTP
(Korz and Frey, 2003; Wiegert et al., 2006)
in a rapid, non-genomic fashion, but only
when present around the time when LTP
is induced. Similar excitatory rapid effects
have been also observed in AMY (Karst
et al., 2010).

Despite evidence of time-dependent
effects of corticosteroids in rodents, tem-
poral dynamic effects of cortisol on
affective and cognitive functions have

only recently started to be investigated
in humans (Henckens et al., 2010, 2011,
2012; Hermans et al., 2014). Henckens
et al. (2012) investigated the time-
dependent impact of cortisol on the
neural correlates of attentional process-
ing by using a randomized, double-blind,
placebo-controlled approach, involv-
ing the following 3 groups: (1) placebo
(receiving placebo 270 and 60 min before
the task), (2) rapid cortisol (receiving
placebo and hydrocortisone, 270 and
60 min before task, respectively), and (3)
slow cortisol (receiving hydrocortisone and
placebo 270 and 60 min before the task,
respectively).

Functional MRI data were recorded
while participants performed an emo-
tional distraction task, which allowed
examination of both selective and sus-
tained attention. Selective attention was
measured as the difference in interfer-
ence produced by emotional compared
to neutral distraction, whereas sustained
attention was reflected in the overall
performance in trials with both emo-
tional and neutral distraction. Thus, com-
pared to previous studies, the approach
used by Henckens and colleagues has
the clear advantage of allowing examina-
tion of corticosteroid effects in a time-
dependent manner on different types
of attentional processing and on emo-
tion processing. First, results indicated
that the rapid effects of corticosteroids
were associated with increased bottom-
up/stimulus-driven attentional processing,
which caused impaired selective attention
(as reflected in increased emotional inter-
ference), associated with increased activity
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in the AMY and increased AMY-PFC con-
nectivity while processing aversive relative
to neutral distraction. These findings from
the fast cortisol group suggest that the
rapid corticosteroid effects cause stimulus-
driven behavior, and can contribute,
together with those of catecholamines, to
a state of hypervigilance (Roozendaal et al.,
2006a; Joëls and Baram, 2009). Second, the
slow effects of corticosteroids modulated
the neural correlates of sustained atten-
tion, by reducing bottom-up processing.
Specifically, the slow cortisol group showed
reduced activation in visual brain regions
linked to sustained attentional process-
ing, as well as reduced negative connec-
tivity between activity in the AMY and
insula. These findings suggest that the
slow corticosteroid effects might counter-
act the rapid effects by reducing auto-
matic visual/stimulus-driven processing
and engaging more controlled processing
to restore brain functions following stress.

Overall, these findings indicate that
corticosteroids influence brain function in
a time-dependent manner, affecting activ-
ity and connectivity of visual, emotional,
and cognitive processing brain regions in
an opposite manner, in order to serve
adaptation to changing environmental
demands. Thereby, this study proposes a
more adaptive view on the impact of corti-
sol on attention and emotion according to
the temporal profile of action, with an ini-
tial effect optimizing detection of potential
threat at the cost of impaired cognitive
processing, and a delayed effect normal-
izing cognitive brain functions following
stress (see also Joëls et al., 2011; Hermans
et al., 2014). Of note, while these effects
might allow for optimal responding to
stressful situations and subsequent recov-
ery in healthy individuals, they are likely
impaired in PTSD, which is characterized
by a continuous state of hyper vigilance
(Dolcos, 2013). These findings highlight
the importance of timing in the effects of
stress hormones, as a critical factor to take
into account in future studies, and point
to a more adaptive view on the effects of
emotion (or stress) on cognition, depend-
ing on the circumstances. The impor-
tance of considering opposing effects of
emotion on cognition is also reflected in
the success of the Special Research Topic
that this report is part of Dolcos et al.
(2012–2014), which attracted numerous

outstanding contributions regarding the
mechanisms of emotion-cognition inter-
actions. I anticipate that this is only the
beginning of what is yet to come in the
field, and the paper by Henckens and col-
leagues is riding right at the top of this
exciting emerging research wave!

ACKNOWLEDGEMENTS
The author wishes to thank Dr. Marloes
Henckens and Dr. Ekaterina Denkova for
suggestions on earlier versions of the
manuscript.

REFERENCES
Arnsten, A. F. (2009). Stress signalling pathways that

impair prefrontal cortex structure and function.
Nat. Rev. Neurosci. 10, 410–422. doi: 10.1038/
nrn2648

de Kloet, E. R., Joëls, M., and Holsboer, F. (2005).
Stress and the brain: from adaptation to dis-
ease. Nat. Rev. Neurosci. 6, 463–475. doi: 10.1038/
nrn1683

de Kloet, E. R., Oitzl, M. S., and Joëls, M. (1999).
Stress and cognition: are corticosteroids good
or bad guys? Trends Neurosci. 22, 422–426. doi:
10.1016/S0166-2236(99)01438-1

Dolcos, F. (2013). Linking enhancing and impair-
ing effects of emotion—the case of PTSD. Front.
Integr. Neurosci. 7:26. doi: 10.3389/fnint.2013.
00026

Dolcos, F., Wang, L., and Mather, M. (Eds.). (2012–
2014). Frontiers Research topic: “The impact
of emotion on cognition—dissociating between
enhancing and impairing effects.” Co-hosted by
Front. Neurosci.—Integr. Neurosci. (http://www.
frontiersin.org/Integrative_Neuroscience/research
topics/The_Impact_of_Emotion_on_Cogni/704)
and Frontiers in Psychology—Emotion Science
(http://www.frontiersin.org/emotion_science/res-
earchtopics/The_Impact_of_Emotion_on_Cogni/
739). Edited Frontiers e-book in press.

Erickson, K., Drevets, W., and Schulkin, J. (2003).
Glucocorticoid regulation of diverse cognitive
functions in normal and pathological emotional
states. Neurosci. Biobehav. Rev. 27, 233–246. doi:
10.1016/S0149-7634(03)00033-2

Henckens, M. J., van Wingen, G. A., Joëls, M.,
and Fernández, G. (2010). Time-dependent
effects of corticosteroids on human amygdala
processing. J. Neurosci. 30, 12725–12732. doi:
10.1523/JNEUROSCI.3112-10.2010

Henckens, M. J., van Wingen, G. A., Joëls, M.,
and Fernández, G. (2011). Time-dependent
corticosteroid modulation of prefrontal work-
ing memory processing. Proc. Natl. Acad. Sci.
U. S. A. 108, 5801–5806. doi: 10.1073/pnas.1019
128108

Henckens, M. J., van Wingen, G. A., Joëls, M., and
Fernández, G. (2012). Time-dependent effects of
cortisol on selective attention and emotional inter-
ference: a functional MRI study. Front. Integr.
Neurosci. 6:66. doi: 10.3389/fnint.2012.00066

Hermans, E. J., Henckens, M. J., Joëls, M., and
Fernández, G. (2014). Dynamic adaptation of
large-scale brain networks in response to acute

stressors. Trends Neurosci. 37, 304–314. doi:
10.1016/j.tins.2014.03.006.

Joëls, M., and Baram, T. Z. (2009). The neuro-
symphony of stress. Nat. Rev. Neurosci. 10,
459–466. doi: 10.1038/nrn2632

Joëls, M., and de Kloet, E. R. (1989). Effects of gluco-
corticoids and norepinephrine on the excitability
in the hippocampus. Science 245, 1502–1505. doi:
10.1126/science.2781292

Joëls, M., Fernández, G., and Roozendaal, B. (2011).
Stress and emotional memory: a matter of
timing. Trends Cogn. Sci. 15, 280–288. doi:
10.1016/j.tics.2011.04.004

Karst, H., Berger, S., Erdmann, G., Schutz, G., and
Joëls, M. (2010). Metaplasticity of amygdalar
responses to the stress hormone corticosterone.
Proc. Natl. Acad. Sci. U.S.A. 107, 14449–14454. doi:
10.1073/pnas.0914381107

Karst, H., Berger, S., Turiault, M., Tronche, F., Schutz,
G., and Joëls, M. (2005). Mineralocorticoid
receptors are indispensable for nongenomic
modulation of hippocampal glutamate trans-
mission by corticosterone. Proc. Natl. Acad. Sci.
U.S.A. 102, 19204–19207. doi: 10.1073/pnas.05075
72102

Kerr, D. S., Campbell, L. W., Hao, S. Y., and
Landfield, P. W. (1989). Corticosteroid modulation
of hippocampal potentials: increased effect with
aging. Science 245, 1505–1509. doi: 10.1126/sci-
ence.2781293

Korz, V., and Frey, J. U. (2003). Stress-related mod-
ulation of hippocampal long-term potentiation
in rats: involvement of adrenal steroid receptors.
J. Neurosci. 23, 7281–7287.

Lupien, S. J., Maheu, F., Tu, M., Fiocco, A., and
Schramek, T. E. (2007). The effects of stress and
stress hormones on human cognition: implica-
tions for the field of brain and cognition. Brain
Cogn. 65, 209–237. doi: 10.1016/j.bandc.2007.
02.007

Martin, S. J., and Morris, R. G. (2002). New life in
an old idea: the synaptic plasticity and memory
hypothesis revisited. Hippocampus 12, 609–936.
doi.org/10.1002/hipo.10107

McEwen, B. S., Albeck, D., Cameron, H., Chao, H. M.,
Gould, E., Hastings, N. et al. (1995). Stress and
the brain: a paradoxical role for adrenal steroids.
Vitam. Horm. 51, 371–402. doi: 10.1016/S0083-
6729(08)61045-6

Pavlides, C., Kimura, A., Magarinos, A. M., and
McEwen, B. S. (1995). Hippocampal homosynap-
tic long-term depression/depotentiation induced
by adrenal steroids. Neuroscience 68, 379–385. doi:
10.1016/0306-4522(95)94332-S

Roozendaal, B., McEwen, B. S., and Chattarji, S.
(2009). Stress, memory and the amygdala. Nat.
Rev. Neurosci. 10, 423–433. doi: 10.1038/nrn2651

Roozendaal, B., Okuda, S., de Quervain, D. J.,
and McGaugh, J. L. (2006a). Glucocorticoids
interact with emotion-induced noradrenergic
activation in influencing different memory
functions. Neuroscience 138, 901–910. doi:
10.1016/j.neuroscience.2005.07.049

Roozendaal, B., Okuda, S., Van der Zee, E. A., and
McGaugh, J. L. (2006b). Glucocorticoid enhance-
ment of memory requires arousal-induced nora-
drenergic activation in the basolateral amygdala.
Proc. Natl. Acad. Sci. U.S.A. 103, 6741–6746. doi:
10.1073/pnas.0601874103

Frontiers in Neuroscience www.frontiersin.org September 2014 | Volume 8 | Article 268 | 2

http://www.frontiersin.org/Integrative_Neuroscience/researchtopics/The_Impact_of_Emotion_on_Cogni/704
http://www.frontiersin.org/Integrative_Neuroscience/researchtopics/The_Impact_of_Emotion_on_Cogni/704
http://www.frontiersin.org/Integrative_Neuroscience/researchtopics/The_Impact_of_Emotion_on_Cogni/704
http://www.frontiersin.org/emotion_science/researchtopics/The_Impact_of_Emotion_on_Cogni/739
http://www.frontiersin.org/emotion_science/researchtopics/The_Impact_of_Emotion_on_Cogni/739
http://www.frontiersin.org/emotion_science/researchtopics/The_Impact_of_Emotion_on_Cogni/739
http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Neuroscience/archive


Dolcos Time-dependent effects of cortisol

Wiegert, O., Joëls, M., and Krugers, H. (2006). Timing
is essential for rapid effects of corticosterone on
synaptic potentiation in the mouse hippocam-
pus. Learn Mem. 13, 110–113. doi: 10.1101/lm.
87706

Wiegert, O., Pu, Z., Shor, S., Joëls, M., and
Krugers, H. (2005). Glucocorticoid receptor acti-
vation selectively hampers N-methyl-D-aspartate
receptor dependent hippocampal synaptic plas-
ticity in vitro. Neuroscience 135, 403–411. doi:
10.1016/j.neuroscience.2005.05.039

Conflict of Interest Statement: The author declares
that the research was conducted in the absence of any
commercial or financial relationships that could be
construed as a potential conflict of interest.

Received: 15 May 2014; accepted: 10 August 2014;
published online: 17 September 2014.
Citation: Dolcos F (2014) The fast and the slow sides
of cortisol’s effects on emotional interference and sus-
tained attention. Front. Neurosci. 8:268. doi: 10.3389/
fnins.2014.00268

This article was submitted to the journal Frontiers in
Neuroscience.
Copyright © 2014 Dolcos. This is an open-access arti-
cle 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) or licensor are credited and that the
original publication in this journal is cited, in accor-
dance with accepted academic practice. No use, distribu-
tion or reproduction is permitted which does not comply
with these terms.

Frontiers in Neuroscience www.frontiersin.org September 2014 | Volume 8 | Article 268 | 3

http://dx.doi.org/10.3389/fnins.2014.00268
http://dx.doi.org/10.3389/fnins.2014.00268
http://dx.doi.org/10.3389/fnins.2014.00268
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/
http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Neuroscience/archive

	The fast and the slow sides of cortisol's effects on emotional interference and sustained attention
	Acknowledgements
	References


