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Neuroanatomical Correlates of the Effects of

Stress on Memory: Relevance to the Validity
of Memories of Childhood Abuse

J. DOUGLAS BREMNER
STEVEN M. SOUTHWICK
DENNIS S. CHARNEY

The recent controversy surrounding the validity of memories of childhood abuse has
centered on the question of whether memories of abuse can remain dormant for many
years before they come to the surface in the form of delayed recall. Authors on one side
of the controversy suggest that memories of abuse can be not available to conscious
recall secondary to a mechanism described clinically as amnesia or *‘repression.’’!-2
The other side of the controversy claims that psychotherapists practicing a form of
psychotherapy known as recovered memory therapy have suggested episodes of abuse
to their patients which never in fact occurred, through leading questions or excessive
insisting .3

The fact that many individuals forget episodes of childhood abuse is well established.
As many as 38% of individuals who experienced abuse severe enough to result in a visit
to the hospital emergency room had no memory of the event 20 or more years later.!-#
An important question is whether there are special mechanisms involved in the loss of
memory for episodes of extreme childhood abuse in traumatized patients that are not
normally operative.>:6

Findings from studies of the neurobiology of memory may provide insight into
questions about delayed recall of childhood abuse. Traumatic stress has been shown in
animal studies to result in long-term changes in brain regions involved in memory.7-8
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62 Current Concepts of Memory

Neuromodulators released during stress have both strengthening and diminishing ef-
fects on memory traces, depending on the dose and the particular type of neuromodula-
tor. Dissociative amnesia, defined as gaps in memory that are not due to ordinary
forgetting, is associated clinically with traumatic stress, amd empirical studies have
shown an increase in this symptom in patients with posttraumatic stress disorder
(PTSD).? Changes in brain regions involved in memory may underlie many of the
symptoms of stress-related psychiatric disorders, including symptoms of amnesia. This
chapter will review the controversy surrounding the validity of childhood memories of
abuse from the standpoint of the neurobiology of memory. We feel that this approach
may shed some light on the controversy surrounding the so-called false memory syn-
drome.

Are Normal Memories Subject to Modification?

There has been considerable interest in the potential vulnerability of memory traces to
modification. In a typical example of a study addressing this question, subjects were
shown a series of slides that told a story involving a stop sign. These slides were
followed by the reading of a similar verbal narrative in which the reference to the stop
sign was replaced by a reference to a yield sign. When subjects were tested on recall of
material related to the slides, they were more likely to (incorrectly) report having seen a
yield sign than subjects who did not receive the misleading information. The authors of
this study concluded that misleading information led to an *‘overwriting’’ of the origi-
nal memory trace.'® Memory can also involve a shift in recall towards facts that fits
one’s expectations. For example, in a story in which the Six Million Dollar Man is said
to be too weak to carry a can of paint, children tested 3 weeks later had a shift in their
memory toward a recall that was more congruous with their pre-testing knowledge. 1

Other authors have argued against the overwriting hypothesis. They point out that if
subjects do not remember the original information, they may make a guess based on
their recall of the misleading information. This would mean that their chances of getting
the correct answer are less than that due to chance alone. In a study by McCloskey and
Zaragoza,!2 subjects were assessed with a test in which they saw slides, which included
one of a hammer, were then given misleading verbal information involving a screw-
driver, and then a forced-choice test of what they had seen in the slides, the choice
being between a hammer and an item to which they had previously not been exposed (a
wrench). The authors argue that if there is a true overwriting phenomenon with mis-
leading verbal material, then subjects exposed to misleading information should have a
decrement in recall in comparison with subjects who have not been previously exposed
to such information. They in fact found that there was no decrement in recall in this
paradigm in subjects for whom the misleading item was not one of the possible choices
in the forced-choice test of recall.!2 The effects of ‘‘source amnesia,”’ or the forgetting
of the location where the original memory was encoded, was examined in another study
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by testing subjects for the source of their memories as well as for the recalled item.
There was no difference in recall in this paradigm between subjects who had been
exposed to misleading information versus controls!3 (although see Lindsay!4). Sug-
gestibility effects may be due to the forgetting of the source of the memory, rather than
an overwriting phenomenon. Based on a review of these studies, there is not sufficient
evidence to conclude that suggestive information does or does not result in the rewriting
of memory.14-16

Effects of Stress on Memory in Normal Persons

Studies of normal memory may not be entirely applicable to those of memory for
stressful events. John F. Kennedy’s assassination raised the observation that most
people had an enhanced awareness of where they were and what they were doing at the
time they received news of his death. This led to a hypothesis formulated by Brown and
Kulik!7 that certain events that are surprising and consequential (emotionally charged),
which they described as *‘flashbulb memories,’’ lead to an enhancement of memory for
personal circumstances surrounding the event. These include such facts as what the
person was wearing and what they were doing at the time they received the news.
Studies of the explosion on January 28, 1986, of the space shuttle Challenger have
shown a relationship between emotional upsetness and recall of personal circumstances
upon hearing the news!8.19 (but see Neisser and Harsch20). Experimental paradigms
have also been used to examine differences in memory of details during stressful
compared to nonstressful situations. Studies of subjects who experienced traumatic
slides involving injury or threat have found a more enhanced recall of central details of
the slide and a reduced recall of peripheral details, in comparison with the recall of
details of neutral slides.2!-23

Studies of the effects of stress on memory in children have focused on the visit to the
doctor, since it entails the touching of private areas, or procedures such as blood-
drawing or injections, all of which are routine events in a doctor’s office, but which are
also similar to the types of events occurring in childhood abuse. These studies have
shown that small children are remarkably resistant to suggestion.24-30 Children under-
going physical exam have been shown to be very reliable in the reporting of genital
contact, in both open-ended and direct questioning; they answered questions about the
genital exam with better recall than for the nongenital physical exam.23:27 Most of the
children did not report genital contact unless they were directly asked.2? These studes
have implications for clinical treatment of childhood abuse, in that it can be expected
that the lack of direct questioning during the history-taking about abuse experiences
will probably result in many unreported cases of abuse. Stressful events such as innocu-
lation have been associated with an enhancement of memory and a resistance to mis-
leading suggestions. The stress of innoculation was also associated with a relative
enhancement of memory for central details related to the procedure.?* In summary, the
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findings are consistent with an enhancing effect of stress on memory, especially on
recall of central details.

Brain Mechanisms Involved in Normal
Memory Function

These studies have examined both the potential fallibility of memory and the effects of
stress on memory in normal persons. Findings from these studies may not be applicable
to situations in which there is severe childhood abuse. For many patients, childhood
abuse may be associated with long-term alterations in brain systems involved in
memory. We will now briefly review the mechanisms involved in normal memory
function. This will serve as a background to a discussion about the effects of stress on
memory.

Memory formation involves encoding, or the initial laying down of the memory
trace, storage, or consolidation, and retrieval. Consolidation occurs over several weeks
or more, during which time the memory trace is susceptible to modification.3!.32
Memory function can be divided into declarative, or explicit memory, and nondeclara-
tive, or implicit or procedural memory.33 Explicit memory includes free recall of facts
and lists, and working memory, which is the ability to store information in a visual or
verbal buffer while performing a particular operation utilizing that information. In
contrast, implicit memory is demonstrated only through tasks or skills in which the
knowledge is embedded. Forms of implicit memory include priming, conditioning, and
tasks or skills.

Memory is mediated by several connected subcortical and cortical brain regions. The
amygdala, hippocampus, and adjacent cortical areas, including perirhinal, entorhinal,
and parahippocampal cortex; medial thalamus, fornix, and mammillary bodies have
been shown to play an important role in memory. Other regions involved in memory are
the prefrontal cortex, including what is known as the dorsolateral prefrontal cortex
(middle frontal gyrus, principal sulcus region, or Area 46); orbital gyrus, and an-
teromedial prefrontal cortex (including the anterior cingulate cortex), as well as the
parietal association cortex. In addition, memories are stored in the primary cortical
sensory and motor areas that correspond to the particular sensory modality related to the
memory. These brain regions interact with one another in the mediation of memory
function.

The hippocampus plays an important role in explicit memory. Hippocampal lesions
impair acquisition of spatial information as measured by a number of tasks, for in-
stance, the ability of rats to learn to swim to a submerged water platform.34.35 Lesion
studies have been performed in monkeys in order to reproduce the anterograde explicit
memory impairment seen in individuals with surgical resection of the medial temporal
lobes.3? Lesions occurring within the hippocampal formation (dentate gyrus, hippo-
campus proper, subicular complex, and entorhinal cortex), amygdala, and surrounding
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perirhinal and parahippocampal cortices have been termed the H + A + lesion, where H
refers to the hippocampus, A to the amygdala, and + to the surrounding areas. Mon-
keys with H+ A + lesions have been shown to be severely impaired in delayed match-
ing to sample memory tasks (a test of the working-memory type of explicit memory
function), during which the animal has to remember where an object is located after a
time delay, but is normal in acquiring and retaining motor skills.3¢ Monkeys with the
H+ lesion were also found to have impaired explicit memory, although not to the
degree of the H+ A+ monkeys. Furthermore, damage to the amygdala alone was not
associated with declarative memory impairment,37 whereas damage to the cortical areas
adjacent to the amygdala, including the perirhinal cortex and parahippocampal gyrus
(which has important efferent and afferent connections with the hippocampus), was
associated with pronounced explicit memory impairment.38.3% These studies suggest
that the explicit memory impairment associated with the H+ A+ lesion is due to
damage to the hippocampal region (dentate, hippocampus proper, subicular complex,
and entorhinal cortex) and to the adjacent perirhinal cortex and parahippocampal gyrus.
In addition to mediating the working-memory type of explicit memory function in-
volved in the delayed matching to sample task, the hippocampus, but not the amygdala,
plays an important role in the memory of where an object is located in space.40

Findings in human subjects are consistent with those in monkeys, which demonstrate
a role for the hippocampus and adjacent cortex in explicit recall. Case studies, such as
the famous case of H.M., have shown a relationship between severe deficits in explicit
memory measured with free verbal recall and bilateral resection of the medial temporal
lobes (i.e., hippocampus and adjacent structures).*! Patients with Korsakoff’s amnesia,
in which damage occurs specifically to the hippocampus and dorsal-medial nucleus of
the thalamus because of a thiamine deficiency, exhibit a specific and severe deficit in
explicit memory measured by free verbal recall. In addition, in patients with hypoxic
encephalopathy following cardiac arrest, which is associated with glutamate toxicity to
the brain, the most common cognitive impairment is a deficit in explicit memory
function measured by free verbal recall. Following the interruption of oxygen to the
brain that occurs with a cardiac arrest, the brain region that is most susceptible to
damage is the CA1 region of the hippocampus. Positron emission tomography (PET)
studies of cerebral blood flow with [!5O]H,0 also indicate a role for the hippocampus in
explicit memory with the finding of an increase in right hippocampal blood flow during
a stem-completion explicit memory task.4? In summary, several lines of evidence from
preclinical and clinical studies have demonstrated a role for the hippocampus and
adjacent structures in explicit recall.

The thalamus is a gateway for sensory information relayed to multiple brain areas,
including the amygdala and primary sensory neocortical areas.®3:44 A portion of the
thalamus, the dorsal-medial nucleus, also plays a role in explicit memory tasks of free
verbal recall. In one case, the patient N.A. received a fencing injury to the mediodorsal
thalamic nucleus. He showed normal intelligence and general cognitive abilities, could
femember events from before the accident, and was able to converse normally. How-
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ever, he was unable to learn the names of new people or learn new information. These
findings show that the medial thalamus is involved in explicit memory.

The amygdala is an important mediator of emotional memory. Monkeys with amyg-
dala lesions have been shown to be less fearful than normal (i.e., they have alterations
in emotional memory) but are without impairment in explicit (cognitive) memory,
whereas monkeys with lesions of the hippocampus or adjacent cortex had normal fear
responses (i.e., abnormal emotional memory) but severe impairments in explicit (cog-
nitive) memory.45 The paradigm of conditioned fear has been used as an animal model
for stress-induced abnormalities of emotional memory.46-47 Noise bursts elicit the
acoustic startle response, which is used in the measurement of the conditioned fear
response. In the fear-potentiated startle paradigm, a normally neutral stimulus (or
something which typically has no effect on the animal, such as a bright light), is paired
with an aversive stimulus, such as electric shock. With repetitive pairing of the light
and the shock, a learning process occurs (conditioning) in which the light alone eventu-
ally causes an increase in the startle response (referred to as fear-potentiated startle).
The shock in this example is termed the unconditioned stimulus, because no training
was required for it to have the effect of potentiating startle; the light is referred to as the
conditioned stimulus, because the training trials pairing it with the shock were required
for it to develop the capacity for potentiating the startle response.46-47

The neuroanatomy and neurophysiology of conditioned fear responses in animals
have been well characterized (see Davis#6-47). Lesions of the central nucleus of the
amygdala have been shown to completely block fear-potentiated startle,*$:4% whereas
electrical stimulation of the central nucleus increases acoustic startle.>0 The central
nucleus of the amygdala projects to a variety of brain structures via the stria terminalis
and the ventral amygdalofugal pathway. One pathway is from the central nucleus to the
brainstem startle reflex circuit (nucleus reticularis pontis caudalis).>! Lesions of this
pathway at any point (caudal lateral hypothalamus-subthalamic area, substantia nigra,
central tegmental field) block the development of fear-potentiated startle, whereas
lesions of fibers which project outward from the central nucleus of the amygdala to sites
other than the brainstem startle circuit have no effect.52 The excitatory neurotransmit-
ters play an important role in fear conditioning mediated by the amygdala, as demon-
strated by the fact that antagonists of the N-methyl-D-aspartate (NMDA) receptor
infused into the amygdala block the acquisition (but not the expression) of the fear-
potentiated startle response.33.34

Considerable evidence suggests that the dorsolateral prefrontal cortex (principal
sulcus, or middle frontal gyrus) is involved in the working memory type of explicit
memory function.55 In nonhuman primates, working memory is assessed by delayed-
response tasks, in which monkeys perform tasks based on previously received informa-
tion after a short time delay. These tasks typically involve learning a *‘set of rules,”’
which is considered an important component of the memory function mediated by the
dorsolateral prefrontal cortex. Lesions of the dorsolateral prefrontal cortex result in
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deficits in working memory tasks, but explicit memory for features of the stimuli
remain unaffected.55 PET [!SO1H,O studies of cerebral blood flow in normal human
subjects also demonstrate a role for the dorsolateral prefrontal cortex in both the
encoding and retrieval of explicit memory traces*2:36-37-58 and attention.>®

The anteromedial (or ventromedial) prefrontal cortex includes the anterior cingulate
gyrus and is functionally and anatomically distinct from the dorsolateral prefrontal
cortex. In the late nineteenth century the famous patient named Phineas Gage had
a projectile metal spike pass through his frontal cortex, with damage specifically
to the anterior cingulate, anteromedial prefrontal cortex, and parts of the orbitofrontal
cortex. After the accident, the patient had normal memory recall and cognitive func-
tion, but his behavior deteriorated to irresponsibility, profanity, and a lack of social
conventions, which indicated a deficit in the planning and execution of socially suitable
behavior. This case suggests that the anteromedial frontal cortex (including the anterior
cingulate) is responsible for socially appropriate behavior and the processing of emo-
tionally related stimuli.®® PET ['SO]JH,O studies show an activation of the anterior
cingulate occurring along with visual and verbal association tasks>® and the Stroop
paradigm.>®

The orbitofrontal cortex is another frontal cortical area important to the effects of
stress on memory. The orbitofrontal cortex is the primary sensory cortical area for
smell. It also plays a role in the fear response, extinction, and certain types of memory.
Lesions of the orbitofrontal cortex result in deficits in explicit memory of visual features
of objects, but not in explicit memory for delayed-response tasks (i.e., working
memory), which functionally differentiates it from the dorsolateral prefrontal cortex.53
Studies of rats, however, in which olfaction is the primary stimulus, have shown
deficits in delayed-response tasks in association with lesions of the orbitofrontal cor-
tex.%! Lesions of the medial orbitofrontal cortex in rats result in a significant delay in
extinction to conditioned stimuli in the tone—footshock pairing paradigm, which sug-
gests that this region plays a role in extinction of conditioned stimuli.5?

Parietal cortex has been demonstrated to play an important role in spatial memory
and attention. Single-cell recordings from alert monkeys have shown an activation
of the parietal cortex when monkeys are required to attend to a visual location.®3 In
PET ['SOJH,O studies of sustained vigilance and attention in healthy volunteers,
subjects were asked to perform tasks of sustained visual attention (maintaining














































































