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Stress is a potent modulator of learning
and memory. Although stress can selec-
tively enhance memory for emotionally
salient information, memory for neutral
information within the stressful episode
can be impaired (Payne et al., 2006). This
impairment is widely thought to be a re-
sult of stress-induced catecholaminergic
hyperactivity acting on the processes un-
derlying memory formation.
Stimulus-related phasic firing patterns
in the midbrain have been proposed to
support the hippocampus in forming ac-
curate, detailed memory representations
(Lisman and Grace, 2005). Neuroimaging
studies have demonstrated significant
subsequent memory effects (SMEs), con-
sisting of stronger phasic neural activity
for later-remembered than for forgotten
items, in hippocampus and midbrain in
normal nonstressful contexts (Shohamy
and Wagner, 2008), providing evidence of
the role of these areas in memory forma-
tion. However, how acute stress affects the
processing in memory-related neural cir-
cuits remains uncertain. As described by
Aston-Jones and Cohen (2005), stress-
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induced tonic elevation of background
activity in the locus ceruleus-centered nor-
epinephrine (LC-NE) system diminishes
such phasic firing patterns. Aston-Jones and
Cohen (2005) propose that such a hyperac-
tivation of neuromodulatory systems would
produce sensory hypersensitivity, thus
generating unselective, generalized re-
sponses to stimuli. This would result in
a shift toward gist-based memory for-
mation, a type of generalized processing
that cuts across discrete experiences (Payne
etal., 2002), fostering the encoding of infor-
mation into categories instead of discrete
memory representations.

In a recent paper published in The Jour-
nal of Neuroscience, Qin and colleagues
(2012) investigated how acute stress affects
memory formation, particularly for neutral
information. Specifically, they investigated
whether stress-induced catecholamin-
ergic activity shifts neural processing
into a mode with enhanced tonic activity
but reduced phasic responses to stimuli,
thus leading to differences in memory for-
mation. For this objective, the authors used
event-related functional magnetic reso-
nance imaging (fMRI) during the presenta-
tion of complex scenes depicting emotionally
neutral activities and experimentally induced
acute stress in half of the participants. To
verify that participants were stressed, the au-
thors acquired autonomic, endocrine, and
psychological measures. In addition, partic-
ipants went through continuous pupillom-

etry during encoding to determine whether
stimulus-related phasic pupil responses,
which have been shown to parallel LC-NE
activity, were altered in relation to memory
formation. Participants’ memory for the
scenes was tested after 24 h, with questions
designed to assess memory for the gist or
central theme of the presented scenes.

Qinetal. (2012) found that acute stress
during the encoding phase led to a more
liberal response bias, i.e., an increased ten-
dency to endorse items as having previ-
ously been studied, independently of
whether they were studied or not. That is,
participants under stress made more hits
and false alarms (false positives). More-
over, the strength of this bias correlated
positively with increased heart rate. Criti-
cally, acute stress reduced SMEs during
memory formation in the hippocampus
and midbrain, and in pupil dilation. This
gives support to the view that acute stress
can induce a hyperactivation of the cat-
echolaminergic system, which favors the
rapid extraction of central thematic infor-
mation, or gist, and disrupts the phasic
signaling in response to stimuli support-
ing discrete memory formation. This
would result in a shift in memory process-
ing that leads to less specificity, less dis-
crete memory representations, a more
liberal response bias, and a higher reliance
on general (gist-based) aspects.

Qin et al. (2012) point out that a simi-
lar mechanism may well account for the
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ample evidence demonstrating the low re-
liability of eyewitness memories, espe-
cially for neutral information. Is it
possible that this general mechanism can
also explain the memory alterations that
typically characterize posttraumatic stress
disorder (PTSD) patients? Indeed, one
critical hallmark of PTSD is overgeneral-
ization of fear to a wide variety of cues that
show only vague similarity with the actual
trauma cues. PTSD patients manifest ex-
aggerated fear to cues that do not predict
threat even in contexts different from
where the traumatic event occurred. Crit-
ically, these cues can induce pathological
re-experiencing of the original traumatic
episode. These cues act as reminders that
cause the patient to feel as though the
traumatic event was happening again, in-
ducing involuntary intrusive memories
(flashbacks) and nightmares. Such dis-
tressful episodes can in turn exacerbate
other symptoms such as avoidance and
hyperarousal. The recurrent association
of neutral cues with threat hastens the re-
lapse of anxiety after therapies are success-
fully accomplished and impedes a total
recovery from PTSD.

The formation of traumatic memories
has long been investigated and a special in-
terest has been devoted to the role of the
hippocampus given the particularities of
these memories. PTSD patients can recol-
lect detailed information about the trau-
matic event (hypermnesia), but much of
the retrieved information is fragmented,
unspecific, and unreliable. Researchers
have established that declarative memory
impairments, accompanied by hippocampal
abnormalities and dysregulation of the hypo-
thalamic—pituitary—adrenal (HPA) axis, are
associated with PTSD.

Diamond and colleagues (2007) pro-
posed a temporal dynamic model of how
stress affects memory-related processing in
the hippocampus, amygdala, and prefrontal
cortex (PFC). They postulated that when
stress is maintained, with a tonic activation
induced by corticotrophin-releasing hor-
mone (CRH), acetylcholine, dopamine,
norepinephrine, and later corticosteroids,
the hippocampus enters into a state of de-
sensitization that can lead to neuroplastic
impairment over time. However, if hip-
pocampal plasticity or encoding were im-
paired, it would be difficult to explain why
PTSD memories are so strongly consoli-
dated, durable in time, and accessible for ex-
plicit retrieval.

Qin and colleagues’ (2012) findings sug-
gest that stress-induced hippocampal alter-
ation is instead the result of a different

codification strategy for critical situations.
In such situations, to efficiently encode
survival-related information and avoid ir-
relevant detail codification, it would be ad-
vantageous to acquire information by
favoring a categorizing system of informa-
tion recollection that rapidly extracts the gist
of complex stimuli. Thus, it is conceivable
that as a consequence of this shift to gist-
based memory codification, memory of the
traumatic event would be unspecific and
fragmented. Importantly, nonselective con-
solidation of stimuli features, due to a hy-
pervigilant state in PTSD patients, might
create a tendency to generalize fear to other
cues that share the same gist as those that
were present in the traumatic event. This
might account for the pathological overgen-
eralization of fear characteristic of PTSD pa-
tients. Therefore, PTSD-related memory
alterations may well be explained by an ex-
cessive catecholaminergic and HPA axis ac-
tivity that leads to functional abnormalities
in the hippocampus.

The neural model of how stress leads to
the unreliable gist-based memories de-
scribed by Qin and colleagues (2012) may
be used to interpret the PTSD-like memory
impairment observed recently in mice (Ka-
ouane et al., 2012). To induce PTSD-like
memories, Kaouane and colleagues (2012)
conditioned mice with different electric foot
shockintensities and then administered glu-
cocorticoids to half of them. Mice that were
conditioned with the stronger foot shocks
and were administered glucocorticoids
showed unselective fear responses: while in
a safe environment, these mice showed fear
responses to cues that did not predict the
aversive outcome but had been present in
the conditioned context. Moreover, this
group of mice responded with strong fear to
cues that were never presented before, but
that resembled cues presented within the
fearful context. Thus, the fear-conditioned
mice that were administered glucocorti-
coids generalized fear to cues that were
vaguely related with the traumatic event, as
is characteristic of PTSD-like memories.

In summary, Qin and colleagues (2012)
provide important hints that may deeply
transform our understanding of how mem-
ory formation operates during stressful sit-
uations. Together with previous studies, the
results of this paper prompted our hypoth-
esis that PTSD memory alterations are a
consequence of an excessive shift toward
gist-memory formation. Our model posits
that hyperactivation of stress-sensitive neu-
romodulatory systems leads to a shift to a
memory formation strategy involving un-
specific neural firing to stimuli surrounding
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the traumatic event. This nonselective gist-
based memory formation can explain the
generalization of fear to discrete cues that
were not conditioned, the inability to re-
strict fear to the appropriate context, and the
incapacity to identify correct predictors of
threat: all characteristic symptoms of PTSD.

An important question remains to be re-
solved, given that previous findings regard-
ing hippocampal activity are still not
conclusive: Is hippocampal activity re-
duced/impaired by stress, or is it possible
that the hippocampus simply operates un-
der a different encoding strategy in threatful
circumstances, as Qin and colleagues (2012)
suggest? If the latter is so, it follows that the
hippocampus is in fact functioning opti-
mally. To create generalizable fear learning
that could be helpful in future similar situa-
tions, the hippocampus might relay some of
the neutral information processing to neo-
cortical regions (e.g., frontoparietal). PTSD
symptoms might be understood then as a
result of a conserved and generally adaptive
system that, in these patients, generates ex-
aggerated fear in response to numerous in-
correct predictors.
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