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Stress constitutes an organism’s essential
physiological response to the environment,
and it exerts variable influences on memory
depending on the context, type, and duration of the stressor (Vogel and Schwabe,
2016). Generally, acute stressors are thought
to boost memory formation, possibly as a
survival mechanism, whereas exposure to
chronic stress is associated with impaired
memory formation, or stress-induced amnesia. This phenomenon is believed to be a
defense mechanism to reduce psychological
damage caused by excessive adversity.
Stress is the leading risk factor for the
development of a broad range of severe psychiatric conditions, including post-traumatic stress disorder (PTSD). PTSD affects
⬃6%–7% of the U.S. population (Gradus,
2016), and it develops after a traumatic
event or series of stressors, including sexual
assault, extreme violence or war, traffic accidents, or another threat to one’s life (Kessler
et al., 2005). Prominent memory disturbances are a central feature of PTSD and are
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part of the diagnostic criteria for the illness
(American Psychiatric Association, 2000).
For this reason, many PTSD studies have
explored the effects of stress on the hippocampus, the primary brain structure
involved in memory formation. Hippocampal atrophy and marked deficits in
hippocampal-dependent recall, declarative
memory, and spatial memory are commonly described in PTSD (Karl et al., 2006;
Samuelson, 2011). However, the neurochemical pathways that lead to impaired
hippocampal-dependent memory are not
comprehensively understood.
Landmark studies have highlighted the
importance of the major stress hormones
corticotrophin-releasing hormone (CRH)
and cortisol in stress in general, and PTSD in
particular. CRH, released by the hypothalamus, activates the release of ACTH from the
pituitary gland. ACTH is transported
through the blood to the adrenal gland
where it stimulates the production of glucocorticoid hormones (mainly cortisol in humans, and its homolog corticosterone
[CORT] in mice). Cortisol, among its many
effects, acts in a negative feedback loop to
suppress CRH release from the hypothalamus and suppress ACTH release from the
pituitary gland. This complex interaction
between the three endocrine glands is
known as the hypothalamic-pituitary-adrenal axis, and it is the major mechanism by
which the body responds to stress.

Hypersecretion of CRH and cortisol are
linked to inappropriate stress-coping abilities that in the long term can contribute to
the development of stress- and traumainduced disorders (Lehrner et al., 2016). Receptors for cortisol, and consequently its
effects, are ubiquitous. In contrast, CRH receptors are not as extensively expressed, and
the main function of CRH is to stimulate
pituitary synthesis of ACTH. However,
CRH receptor density is also relatively high
in brain regions essential for mediating fear,
stress, and memory, such as the hippocampus (Justice et al., 2008). Moreover, high
levels of CRH have been detected in the
CSF of patients with PTSD, and levels are
correlated with symptom severity (de Kloet
et al., 2007). Although levels of CRH are
higher in patients with PTSD than in trauma-exposed individuals without PTSD, no
differences in cortisol levels are observed (de
Kloet et al., 2007). Given that local CRH
stores in the hippocampus are released in
response to stress (Chen et al., 2004), recent
research has focused on the interactions
of cortisol/CORT and CRH in modulating memory function under adverse
conditions.
Recent work in The Journal of Neuroscience by Chen et al. (2016) elucidated some of
the subtleties of stress-induced spatial memory disturbances regulated by CRH and
CORT. The authors studied mice exposed
to 1–2 h of multiple simultaneous acute
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stressors, including restraint, bright light,
unpredictable loud noises, physical jostling,
and being aware of peer discomfort. Consistent with previous work (Maras et al., 2014),
this stress paradigm impaired spatial memory, reduced LTP, and diminished dendritic
spine density in the CA1 region of the hippocampus. This impairment in spatial
memory appeared quite stable, as mice allowed to recover for 24 h to a week following
the stress had persistently impaired spatial
memory function, with diminished performance in the novel object recognition spatial memory task. The effects of multiple
stress exposure on spine density and plasticity were then recapitulated by neuroendocrine manipulation to indicate that the
synergistic actions of CRH and CORT mediate these long-lasting effects of acute concurrent stresses on memory (Chen et al.,
2016).
CRH and CORT are highly concentrated
in the hippocampus in conditions of stress,
and the work by Chen et al. (2016) suggests
that it is the dual action of the hormones
that contributes to suppression of synaptic
plasticity and impairment of memory.
When hippocampal slices were treated with
CORT and CRH alone, synaptic responses
were not changed to a significant degree.
But when hippocampal slices were treated
with the hormones together, they produced
a rapid and profound decrease in synaptic
activity. Furthermore, whereas CORT alone
had no effect on spine density and CRH only
marginally decreased spine density, the
combination of both hormones recapitulated the full effect of multiple stressors on
spine density (Chen et al., 2016).
Filamentous actin is the backbone of
dendritic spines, and thus proteins that control the polymerization of actin can either
promote spine remodeling or cause spine
destruction. One modulator of filamentous
actin is RhoA, a small Rho GTPase protein
that enables actin remodeling (Kramár et
al., 2009). Previous work indicated that
CORT reduced activity of RhoA (Jafari et al.,
2012), whereas Calpain1, a protein that degrades RhoA (Briz et al., 2015), was activated by CRH. Consistent with this, Chen et
al. (2016) found that CORT alone did not
significantly reduce the density of RhoApositive spines, whereas CRH alone exerted
a moderate spine reduction. Only together
could CRH and CORT cause degradation of
filamentous actin polymers and the observed reduction in dendritic spines associated with active RhoA. These findings
support the hypothesis that the combined
action of CORT and CRH on the RhoA
pathway underlies stress-mediated disrup-

tion of dendritic spine structure in the hippocampus to cause lasting memory deficits.
A major benefit of studying stress in rodent models is the ability to identify specific
mechanisms that are difficult to study in
heterogeneous human populations that
have many confounding factors. However,
an important consideration when translating results from rodent models to human
conditions is that in humans, such mechanisms rarely appear in isolation. The nature
of the stressor can determine the regions of
the brain involved and how that region is
physiologically affected, with such effects
extending beyond the hippocampus. For
example, repetitive, mild, and short-lasting
stressors may cause a reduction of prefrontal cortex-dependent cognitive function
(Arnsten, 2009). Exposure to chronic and
more severe stress has been shown to cause
architectural changes in relevant brain regions, such as reduced thickness of the somatosensory cortex covering the gonadal
regions in those exposed to sexual abuse
(Heim et al., 2013). Thus, a challenge for
researchers is to balance our understanding
of individual mechanisms uncovered in
preclinical models and bring these into the
context of complex human conditions.
Memory deficits are not always observed
in individuals exposed to trauma, with some
even experiencing post-traumatic growth
(Shakespeare-Finch and Lurie-Beck, 2014).
It has been suggested that risk and resilience
to PTSD or post-traumatic growth depend
on a background of genetic vulnerability,
but also personality or individuality (Kim
and Diamond, 2002). Unfortunately, animal studies, such as the work by Chen et al.
(2016), cannot model all the intricate complexities of human stress-induced psychiatric disorders. These include polygenic risk,
long-term epigenetic modifications, and
differences in perception and processing dependent on human personality and identity.
Recent research is beginning to explore the
role of individuality in preclinical models
(Freund et al., 2013), which may be interesting for further revealing mechanisms and
perhaps delineating (1) subgroups of people
who are vulnerable or resilient to PTSD,
and/or (2) PTSD subgroups who may be
characterized by a defined pathology (e.g.,
reduced CRH and cortisol in the hippocampus) and therefore responsive to certain
pharmacological strategies.
Although previous literature is clear in
defining the negative effects of chronic stress
on memory formation, Chen et al. (2016)
additionally established a negative role for
multiple simultaneous acute stressors that
are milder individually. Subsequent exploration of the dual effect of CRH and cortisol/

CORT in response to a single major stressful
event or during chronic stress would be an
important next step. Many PTSD cases are
triggered by a major acute stress, such as
rape, other forms of nonsexual violence, or
accidents. In these instances, it is unclear
whether memory formation would be enhanced or impaired, and whether these effects are mediated through the dual action
of both stress hormones. These findings will
thus benefit from extension into different
stress paradigms, human cohorts, and postmortem brains from individuals with a history of childhood adversity or PTSD.
Chen et al. (2016) establish a role for
CRH and CORT, their interactive actions
and effects on hippocampal physiology in
disrupting spatial memory formation following multiple acute stressors. Their work
bridges basic research to potential clinical
interventions, for example, pharmacologically accessing and reconsolidating traumatic memories that contribute to the
symptoms of stress-related psychiatric disorders (e.g., Sandrini et al., 2015). Furthermore, while Chen et al. (2016) showed the
dual actions of stress hormones contributes
to spatial memory impairments lasting days
after multiple acute stressors, it would be of
translational value for future studies to determine whether these memory deficits are
longer-lasting, considering that a hallmark
of PTSD is sustained memory deficits that
can last for years after a traumatic event
(Samuelson, 2011).
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