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Traumatic Memory Is Special
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Does the brain represent and
store memories for traumatic
events differently than memories
for everyday autobiographical
events (cf. the June 1997 Special Is-
sue of Current Directions)? Labora-
tory evidence is central to answer-
ing this question, and hence to
understanding clinical trauma. An
answer would provide a guide to
how “recovered” memories should
be interpreted, and would also
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have implications for treating vic-
tims of trauma. In this article, we
consider empirical data concerning
the neurobiological nature of mul-
tiple memory systems, and how
stress and trauma affect these sys-
tems, and then we briefly discuss
the implications of these facts for
the clinical issues.

On the basis of several decades
of empirical work, most investiga-
tors distinguish between at least
two types of memory (e.g., explicit
and implicit; see Schacter & Tulv-
ing, 1994, for a variety of multiple-
memory-systems approaches). Go-
ing beyond a simple dichotomy,
more recent research establishes
that each major class of memory
encompasses more than one form
of memory, and the concomitant
involvement of more than one un-
derlying neural substrate. Consider
explicit memory, which refers to
any and all forms of recollection
entering awareness. This sort of
memory is most often associated
with the medial temporal lobe, an

Published by Cambridge University Press

area of the brain that includes the
amygdala, rhinal cortex, parahip-
pocampal gyrus, and hippocampal
formation. Although there has
been a tendency to think of these
structures as parts of a larger me-
dial temporal lobe memory system,
recent work indicates that each is
responsible for different aspects of
explicit memory. In the present
context, it is particularly important
to attend to these distinctions, be-
cause stress has differential impact
on them.

® Amygdala. This structure is
thought to be essential in
memory for emotionally charged
events. Studies in rats, monkeys,
and humans have now shown
that (a) damage to the amygdala
interferes with learning about
fearful or unpleasant stimuli
(Adolphs, Tranel, Damasio, &
Damasio, 1994; Davis, 1992;
LeDoux, 1995; McGaugh, Cahill,
& Roozendaal, 1996); (b) neurons
in the amygdala of experimental
animals are activated by stimuli
with motivational or emotional
import (e.g., Rolls, 1982); and (c)
the human amygdala is acti-
vated when a person is exposed
to emotion-provoking stimuli or
events (Morris et al.,, 1996). By
contrast, other regions in the me-
dial temporal lobe are appar-
ently not involved, in any gen-
eral way, with such stimuli.
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® Rhinal cortex. This structure is
thought to be central to recogni-
tion memory, the process by
which an organism determines it
has, or has not, had prior expe-
rience with a particular stimulus
or event. A prominent demon-
stration of this function concerns
the laboratory task known as de-
layed matching (or nonmatch-
ing) to sample. In this widely
used paradigm, the experimen-
tal subject is exposed briefly to a
sample stimulus, and then after a
variable delay, allowed to
choose between the sample and
another, new, stimulus. In the
more commonly used non-
matching case, the subject must
choose the new stimulus in order
to receive reward. Monkeys, and
rats, with damage to the rhinal
cortex are severely impaired at
this task at a wide range of delay
intervals (Mumby & Pinel, 1994;
Murray, Gaffan, & Flint, 1996;
Zola-Morgan, Squire, Amaral, &
Suzuki, 1989). By contrast, sub-
jects with damage to the hippo-
campus or amygdala are either
not impaired at all or impaired
only under a narrow range of as
yet poorly understood condi-
tions (e.g., Gaffan, 1994). In ad-
dition to the evidence from such
behavioral studies, electrophysi-
ological analyses of the rhinal
area have shown that its neuro-
nal activity reflects recognition
memory (e.g., Brown, 1996).

® Parahippocampal gyrus. This brain
region is now thought to play an
important role in some forms of
spatial cognition. Thus, this area
in humans is activated in cir-
cumstances in which individuals
are thinking about moving
around in space (e.g., Maguire,
Frackowiak, & Frith, 1996). In
people with damage to the para-
hippocampal region, learning
about the spatial layout of a test
environment is severely im-
paired (e.g., Bohbot et al., 1998).

® Hippocampal formation. This re-
gion has long been implicated in
spatial learning and memory
(O’Keefe & Nadel, 1978) and in
memory for episodes (Kins-
bourne & Wood, 1975; Milner,
1962). How best to characterize
its precise role in memory func-
tion has been a matter of intense
debate in recent years. Many in-
vestigators (Metcalfe & Jacobs,
1998; Moscovitch, 1995; Nadel,
Willner, & Kurz, 1985; Squire,
Cohen, & Nadel, 1984; Teyler &
DiScenna, 1985) agree that the
hippocampus plays a role “bind-
ing” together the elements of an
episode, which themselves are
represented in dispersed brain
systems. That is, the hippocam-
pus provides a mechanism by
which disaggregated bits of in-
formation making up an episode
can be kept in touch with one an-
other (Jacobs & Nadel, in press).
There is general agreement that
the hippocampus is essential to
this function for recent memo-
ries; its role in the retrieval of re-
mote memories is a matter of
considerable current debate (cf.
Moscovitch & Nadel, 1998;
Nadel & Moscovitch, 1997).

A key point of this proposal is that
various aspects of an episode
memory are represented and
stored in dispersed brain modules
(cf. O'’Keefe & Nadel, 1978, p. 100).
Also, each module interconnects
with the hippocampal complex, so
that the collection of representa-
tions of the features of an episode
can activate within the hippocam-
pal complex an ensemble encoding
that episode. This creation of a hip-
pocampal ensemble (or “cognitive
map”; O'Keefe & Nadel, 1978) oc-
curs rapidly, through the mecha-
nism of long-term synaptic poten-
tiation (a form of neural plasticity
thought by many to underlie learn-
ing and memory) within the rel-
evant hippocampal connections.
An act of episode retrieval can be
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accomplished in two ways: first, by
activating the relevant hippocam-
pal ensemble, which then activates
dispersed extrahippocampal fea-
tures, or second, by activating
some subset of these dispersed fea-
tures, which then activate the hip-
pocampal ensemble. In both cases,
the hippocampal component is es-
sential to accurate reconstruction of
the episodic memory.

These distinctions among types
of explicit memory, and their neu-
ral substrates, must be taken into
account in any consideration of
the ways in which stress affects
memory. The data suggest that
within physiological limits, stress
enhances the function of the
amygdala, and consequently
strengthens those aspects of ex-
plicit memory subserved by this
structure (cf. Metcalfe & Jacobs,
1998). The data also firmly estab-
lish that high levels of stress or the
high levels of the hormone cortico-
sterone (cortisol in humans) typi-
cally resulting from stress impair
the function of the hippocampus,
weakening or totally disrupting
those aspects of spatial and explicit
memory subserved by this struc-
ture. A number of studies, with
both humans and animals, have
demonstrated this now well-
accepted fact (e.g., Bodnoff et al.,
1995; de Quervain, Roozendaal, &
McGaugh, 1998; Diamond & Rose,
1994; Foy, Stanton, Levine, &
Thompson, 1987; Luine, Villegas,
Martinez, & McEwen, 1994). For
example, Luine et al. (1994) in-
duced stress levels of corticoste-
rone in rats by restraining them in
Plexiglas containers in their home
cages for 6 hr/day for 21 days.
When tested on an eight-arm radial
maze, a widely used spatial
memory task, these rats were im-
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paired compared with nonstressed
control rats (see also Kéllai, Kéc-
zan, Szab6, Molnar, & Varga, 1995;
Kirschbaum, Wolf, May, Wippich,
& Hellhammer, 1996; Lupien et al.,
1998, for related studies in humans).

Intriguingly, abnormally low
levels of corticosterone, produced
by removal of the adrenal glands,
can also impair spatial learning
(e.g., Conrad & Roy, 1995; Vaher,
Luine, Gould, & McEwen, 1994).
We, and others, have concluded
that the relation between cortico-
sterone and hippocampal function
is U-shaped; that is, circulating lev-
els of corticosterone within some
optimal range yield normal func-
tion. Too little or too much cortico-
sterone impairs function.

Thus, the laboratory data show
that the relation between stress and
the function of neural structures
important for explicit memory is
quite complex. Within a certain
range, stress could enhance all
forms of explicit memory, but high
levels of stress could enhance some
aspects of explicit memory while
impairing others. And here is the
critical point: When stress is high
enough to impair the function of
the hippocampus, resulting memo-
ries will be different from those
formed under more ordinary cir-
cumstances. These empirical data
suggest that memories of trauma
may be available as isolated frag-
ments rather than as coherently
bound episodes (e.g., van der Kolk
& Fisler, 1995). This hypothesis
contrasts with the position es-
poused by Shobe and Kihlstrom
(1997), who did not take into ac-
count the differential effects of
stress on the various memory mod-
ules.

cunicaL rCATIONS

We (Jacobs & Nadel, in press)
have argued that these differential
effects of stress on the various com-
ponents of episode memory ac-

count for several of the unusual
features of memories formed under
stress. Traumatic stress can cause
amnesia for the autobiographical
context of stressful events, but
stronger than normal recall for the
emotional memories produced by
them. That such emotional hyperm-
nesia may result from traumatic
stress is consistent with early re-
ports (e.g., Charcot, 1887; Janet,
1889). Even in the context of exten-
sive autobiographical amnesia, in-
trusive emotions or images associ-
ated with the trauma (and related
events) may appear (Jacobs, Lau-
rance, Thomas, Luzcak, & Nadel,
1996). Intrusions appear in the con-
text of grief, anxiety disorders,
mood disorders, and dissociative
disorders (syndromes involving
disturbances in identity, memory,
or consciousness; Brewin, Hunter,
Caroll, & Tata, 1996; Gibbs, 1996;
Horowitz, 1986; Howe, Courage, &
Peterson, 1995), and can also be
elicited in the laboratory (van der
Kolk, 1994). What distinguishes
these intrusive memory states is
the absence of the time-and-place
contextual information that typi-
cally characterizes autobiographi-
cal episode memory.

Van der Kolk and Fisler (1995)
showed that after an initial phase
when traumatic memories are ex-
perienced as fragmentary, an auto-
biographical memory eventually
emerges. We have suggested that
this emergence reflects a process of
“inferential narrative smoothing,”
whereby disembodied fragments
are knit together into a plausible
autobiographical episode (Jacobs &
Nadel, in press).

The present analysis suggests
that at least some memories “re-
covered” during therapy should be
taken seriously. Although such
memories may contain emotional
experiences accumulated across
multiple stressful events, some of
this emotional content could be
veridical. The narratives associated
with these memories are less likely
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to be veridical in their entirety.
These narratives may be compos-
ites of real fragments of experience
and the emotions elicited by those
experiences, filled out by tacit
knowledge and logic available to
the individual, and shaped by in-
terlocutors such as friends or thera-
pists.

Note

1. Address correspondence to Lynn
Nadel, Department of Psychology, Uni-
versity of Arizona, Tucson, AZ 85721.
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Research in every major ethnic
group of America (Rohner, 1998b),
in dozens of nations internation-
ally, and with several hundred so-
cieties in two major cross-cultural
surveys (Rohner 1975, 1986, 1998c;
Rohner & Chaki-Sircar, 1988) sug-
gests that children and adults ev-
erywhere—regardless of differ-
ences in race, ethnicity, gender, or
culture—tend to respond in essen-
tially the same way when they ex-
perience themselves to be loved or
unloved by their parents. The over-
whelming bulk of research dealing
with parental acceptance and rejec-
tion concentrates on mothers’ be-
havior, however. Until recently, the
possible influence of father love
has been largely ignored. Here, I
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