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Chapter 1

We probably all know the feeling of being undergsuge or a lot of stress and not
being able to recall relevant information (e.g.idgran exam) or to give examples of
events that happened in the past (e.g. during anj@oview). For several decades
scientists have studied how it is possible forsstite affect memory in healthy people,
but also in people that are diagnosed with strelsged disorders like depression or
acute and post-traumatic stress disorder. One efrétent findings in healthy
populations is that the retrieval of informatiomrficularly emotional information, is
affected by stress. This outcome confirmed earfiedings in animal studies.
However, the underlying mechanisms of and speabaditions in which these
effects appear in humans, as well as the long-tefiects on memory, are still
unclear. These aspects will be topic of the pretessis.

To understand how it is possible for stress to cafimemory, it is first
important to precisely state what we mean by s@assby the retrieval of (emotional)
memories. In the next paragraphs these issuedevitliscussed. We will start with a
description of our conceptualization of the retalewf emotional memories and its
relevance to daily life. This will be followed byraore general overview of memory
theories and the underlying mechanisms in the ranthe neurobiology) that make
memory possible, in particular memory retrieval. W# then turn to the models that
may explain how stress can affect memory, with $jgedetails on stress hormones
that are involved in this process. An overview Midllow of previous research into
the effects of stress on memory retrieval, alsacudising gaps in the present
knowledge regarding this issue.

While impairments in memory can be seen as a negatinsequence of stress
and stress hormones, a more positive use of thisvieage has been applied to
clinical practice. The last part of this introdwaeti will describe how the deliberate
suppression of emotional memory retrieval by stiessnones could be useful in
disorders characterized by excessive retrievahuadt®mnal memories. However, these
studies are still in an early stage and more insigio the effects of stress hormones
on different aspects of memory is needed beforafa gse of these drugs can be
established. Therefore, the present thesis hopdartioer elucidate the effects of
stress and stress hormones on emotional memoigmatr

Retrieving emotional memories

What do we mean?

When we reflect upon our life, we usually thinkeMents and social interactions that
were important in influencing our life and our serd self. At the time these events
happened, they probably elicited emotions as hasgirsadness, anger or fear. When
thinking back of past events it might be that thesanories still elicit emotions. For
example, when thinking back of a terrible accidéat you experienced or witnessed,
intense feelings of fear or sadness might stilledperienced, including physical
responses like an increased heart rate. Howeveretsnes one can think of an event
in the past that was very emotional at the time,viduen thinking back of it is only
thought of as a negative experience without actuakling any arousing emotions.
For example, you could have a memory of a brea&ftgr a short infatuation in high
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school or of being embarrassed in front of a grofippeople. Memories of these
experiences can still be important to our sensghaf we were and are, but may have
changed in the emotional appraisal we give themyoWe might even laugh about
such events years later on, although they were de&tyessing at the time. The
meaning of memories can thus change over time hagvthe associated emotions, or
memories can just loose their emotional value diee. So we can think back of
emotional events and retrieve these memories eitlitbiout any of the previously
associated feelings, or re-experience (part ofjethetions associated with the event.
In the present thesis we will refer to both as eomal memory retrieval, but the
distinction will be important in the light of clical studies, as in certain disorders the
reliving of emotional memories and associated emnali experience and responses is
excessive and disabling.

On the other hand, a person might also remembeevant that was not
emotional at all, e.g. taking the train to worktgeday. We will refer to this as neutral
memory retrieval. A difference between neutral anabtional memories is that the
event(s) that formed an emotional memory elicitecemotional response at the time
of formation. Research has shown that an emoti@sdonse to an event leads to a
favorable position of these events in memory (C&iMcGaugh, 1998), as they are
better stored into long-term memory (LaBar & Cah@696) and can be remembered
for decades. Also, memories of these events useldy more vivid and intense re-
experiencing. These memories consist of both ctudéxand factual information and
associated emotional responses. It is importaninade a distinction between the
contents and the emotional experience of a mengiven that different brain areas
are thought to be involved in their processing.

A view on memory

Memory for events or for information that was leadrin the past is often referred to
as declarative, or explicit, memory. People canscmusly recall declarative

memories. When memories are related to a certanepand time, e.g. “the job
interview at the University last week”, these deaiwe memories are called episodic
memories. On the other hand, declarative memo@@satso consist of mere facts
about the world and oneself, like names of frieaad family members or the name of
one’s high school. This is called semantic memaryling, 1972, 2002). Even

though we might still remember meeting a friend aedring his or her name for the
first time, the name belonging to the person isestcas a semantic fact, while the
event of meeting is an episodic memory. The preseesis will be about such

declarative memories, specifically episodic mensri@ most of the chapters, we
measured episodic memory retrieval with memories Were created in a laboratory
setting (e.g. word pairs or word lists that werarted in the lab on an earlier
occasion). But we also studied memories of paditi® personal past, which is
called autobiographical memory. Autobiographical nmees are usually rich

memories with vivid images of contextual detaild deelings associated with a
certain time and place. Autobiographical memor@sticbute to an individual’'s sense
of self and make us able to keep track of our pexsgoast and goals.

Autobiographical memory can be viewed as a formeisodic memory, but also
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consists of many semantic elements and general lkdge on life time periods
(Conway & Pleydell-Pearce, 2000; Levine, 2004; \afitis et al., 2007).

The formation and storage of declarative memorass lee divided in several
stages (see Figure 1.1). First of all, an evemew information has to be encoded
before it can be consolidated, or formed into agferm memory. However, not all
new information will be selected to be consolidatedlong-term memory after
encoding. Attentional processes and current emaltistate might play a role in the
(automatic) selection of information to be remenaldeiOnce new knowledge is being
consolidated, a memory of this information or evewn be retrieved, either
intentionally or spontaneously. Retrieval can hgesged many times, as long as the
memory is available. The present thesis will inigede the effects of stress
specifically on this retrieval stage. However, r@beit has become clear that when
memories are reactivated by retrieval, they migdttigto a labile state in which these
memories are prone to change. While newly formetharees undergo the process of
consolidation to become stable, reactivation mighke them labile again (Nader et
al., 2000; Przybylawski & Sara, 1997). After reaation, these memories are then
‘reconsolidated’ back into long-term memory, potaihy affected by the context in
which they were retrieved. This is still a contrsral matter, but animal and human
studies have shown that memories can indeed betedfepon reactivation (Debiec et
al., 2002; Hupbach et al., 2007; Nader et al., 20®@ybylawski & Sara, 1997;
Walker et al., 2003). The present thesis will adgplore the impact of stress on this
post-retrieval stage.

Consolidation Re-consolidation

Encoding of Retrieval of
event or information »| Long-term memory |_' event or information —’| Long-term memory

Figure 1.1. Schematic overview of memory stages.

Besides conscious, declarative memory, there s @almore un-conscious, implicit,
form of memory. For example, there is memory farhed motor skills (procedural
memory), like riding a bike or driving a car. Thesdalities were learned by repetition
but can not easily be verbally described, althoagipecific driving lesson might be
stored as an episodic memory. There is also a rtemporary, active memory,
referred to as working (or short-term) memory. Whdeclarative memories are stored
(consolidated) into long-term memory, which medret they are available long after
an event or learning experience occurred, a workignory system is needed to
integrate current perceptions and thoughts withwkedge from long-term memory.
Information in working memory is temporarily maimed and can be updated and
manipulated. This information will sometimes be soliidated into long-term
memory, but will often be forgotten again (imagiagphone number you have to
remember to dial and forget again as soon havéngwa used it).

10
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Neur obiology of emotional memory retrieval

Up till now it is still not fully understood how éhbrain brings about the retrieval of
(emotional) memories, but in the next paragrapbsief overview of recent findings
will be given. Knowledge on which brain areas areolved in (episodic) memory
retrieval comes from studies in patients, charadrby specific lesions and memory
problems, but more recently also from neuro-imagismdies with Electro
Encephalography (EEG) and functional Magnetic Rasoe Imaging (fMRI).

There are several key structures involved in bloghformation and retrieval of
memories. The hippocampus and amygdala (both witl@mmedial temporal lobe and
limbic system of the brain) and the prefrontal errare such key structures (see
Figure 1.2). Especially the formation and retrieg@lexplicit, declarative memories
are found to be mediated by the hippocampus asrieecéear from early studies on
patients with lesions in this area (Corkin, 200@p\8lle & Milner, 1957; Steinvorth et
al., 2005). Patient studies have further shown thipgpocampal and amygdalar
structures are involved in the formation of ematlomemories (e.g. Phelps, 2004).
While the hippocampus seems mostly involved inftirenation of declarative (e.g.
contextual) knowledge, the amygdala seems involwgth implicit, conditioned
emotional responses and the vivid recollection wiogonal memories (Bechara,
1995; Buchanan et al., 2005; Labar & Cabeza, 2006).

Prefrontal
Cortex

Amygdala

Hippocampus

Figure 1.2. Brain structures involved in memory processing

Knowledge on the role of these two structures irmmgy retrieval comes mostly
from neuro-imaging studies. Recent studies havevshthat retrieving memories
elicits activation in both the hippocampus and adayg, with activity of the
amygdala most pronounced in emotional memory retfigDolcos et al., 2005; Smith
et al., 2004). Furthermore, the connectivity betwdee hippocampus and amygdala
gets stronger when relevant emotional memoriesetreeved (Smith et al., 2006).
Emotional memories are generally rated as moredyviand high in re-experiencing
and intensity. These subjective ratings are relatedhigher activity levels in
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hippocampus and amygdala and to stronger feelihgemembering (Addis et al.,
2004; Labar, 2007; Sharot et al., 2004). The ematlp driven activity in the
amygdala, caused by attempts to retrieve memaraasalso help to select memories
or facilitate the retrieval of associated contektudormation belonging to the
memory (Buchanan, 2007; Labar, 2007). This may tlead to a full emotional
experience (LeDoux, 2000; Tsuchiya & Adolphs, 2007)

The prefrontal cortex is also implicated in thecassful retrieval of memories
(Greenberg et al., 2005; Svoboda et al., 2006) isrtdought to be involved in the
initiation and control of the retrieval process ¢Banan, 2007; Simons & Spiers,
2003), as well as the maintenance of the retrienBmation (a function related to
working memory). In addition, the prefrontal cortesgems to be involved in the
storage and retrieval of semantic information, eadout emotions. That is, the
prefrontal cortex is implicated in memories that aegatively or positively valenced,
but do not elicit emotional arousal (Kensinger &rkin, 2004). Therefore, patients
with damage to the amygdala may still show enhancesmory for emotional
information, but based more upon semantic knowleafgemotions, as generated by
the prefrontal cortex.

The prefrontal cortex mainly has a controlling ftioo, necessary for the
correct retrieval of past events, especially remmtents (Rudy et al., 2005). The
prefrontal cortex might even inhibit the role oéthippocampus over time (Frankland
& Bontempi, 2005; Takashima et al.,, 2006). Thattes say, the role of the
hippocampus in the retrieval of remote memoriemiswithout controversy. For long,
it was the norm to think that the medial temporabd (MTL; including the
hippocampus) was only temporarily involved in tbenfation of memories. It would
become unnecessary after the consolidation of nmétion into long-term memory
(Squire, 1992; Squire & Alvarez, 1995). This isledl the Standard Model of
Consolidation. The role of the MTL would be to mate brain regions in the
neocortex that contain the information that was eelgmced, creating strong
interconnections between these cortical sitesjigad memories independent of and
no longer activating the hippocampus. Accordingttis model, retrieval of both
semantic memories and episodic memories would balyemporarily mediated by
the hippocampus. Studies in patients with MTL daen&agve shown that remote
memories are usually preserved, while recent masare affected (e.g. Bayley et
al., 2003), indicating the standard consolidatimentry might be correct. A model that
challenged the consolidation model is the Multipface Theory (MTT; Moscovitch
et al., 2005; Nadel & Moscovitch, 1997). This modebposes that the MTL remains
necessary for the retrieval of episodic memoridsijensemantic memories become
independent of the MTL over time. To store episadamories, the hippocampus will
bind representations in neocortical neurons via orgniraces in the hippocampus,
and every time a memory is reactivated, new tracesformed that bind together
these representations. Older memories will thusehaore memory traces in the
hippocampus, making them less vulnerable to (gatgaions of the MTL. In line
with this model, recent findings have shown tha tktrieval of remote episodic
memories is less detailed in patients with extensiedial temporal lobe damage
(Moscovitsch et al., 2006; Steinvorth et al., 2006)aging studies have furthermore
revealed that remote memories can indeed showasictivof the MTL, so long as the
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memories are still vivid and rich in quality (Adds al., 2004; Gilboa et al., 2004). It
might well be that especially remote emotional maesy which are more vivid and

re-experienced more intensely during retrievall, séied hippocampal structures to be
retrieved, so long as they elicit emotional reawioOnce memories do no longer
elicit emotional responses or vivid images, theghhibecome independent of the
hippocampus (like semantic memories), althoughdtilisneeds to be elucidated.

To summarize, the hippocampus is mostly found toirblved in the
formation of declarative memories and is activeirduretrieval. The amygdala is
involved in the emotional strengthening of memorasl is more active and in
concordance with the hippocampus during emotionamory retrieval. The
prefrontal cortex mainly has a controlling functiand is necessary for the correct
retrieval of past events. The prefrontal cortexhmigven inhibit or take over the role
of the hippocampus over time, although there ¥ a@tconsiderable debate on the
temporary role of the hippocampus in the retri@faemote events.

Stress and stress hor mone effects on memory retrieval

Stress hormones

When a person experiences stress, either physioalientally, the body reacts in
diverse ways to cope with the situation at handreHwe will focus on hormonal
responses that are initiated by stress. When sgesgerienced we can differentiate
between a fast and a slow hormonal response. Btedaponse is mediated by the
autonomic (sympathetic) nervous system (ANS) arel slower response by the
hypothalamic pituitary adrenal (HPA) axis (Joelslet 2006). The ANS system leads
to the release of adrenaline and noradrenalinegorephrine and norepinephrine) in
the body by the adrenal medulla, which leads toe@ses in e.g. heart rate, blood
pressure and sweat production. (Nor)adrenalinésts released as a neurotransmitter
in the brain and leads to a state of alertnessyadtllates the processing of emotional
information via the amygdala (van Stegeren, 2008g are often aware of this
stressed ANS reaction as we can feel our body peejpatake action. On the other
hand, through a cascade of hormones, the HPA aaisl|to the release of cortisol
into the blood stream by the adrenal cortex. Thease of cortisol is not consciously
noticeable and is involved in the re-mobilizatidreaergy after the start of a stressful
experience (Sapolsky, 2003; Sapolsky et al., 20009.also involved in the negative
feedback regulation of the HPA axis, and cortisokls will therefore decrease again
after the end of the stressor (Lupien & LePage1200ke (nor)adrenaline, cortisol is
active both in the body and the brain, as it iseabl cross the blood-brain barrier
(BBB). Within the brain 2 types of cortisol recefgohave been found that are
differentially spread over brain areas, the minmratticoid (MR) and glucocorticoid
(GR) receptors. Both receptors are abundantly pteasethe hippocampus and can
hence influence cognitive processes mediated byifhygocampus like memory (De
Kloet et al., 1999; Lupien & Lapage, 2001). In tg@T to acute stressors, these
hormonal effects might be adaptive to the preseéates but when prolonged or
chronic can lead to health problems in the long(MoEwen, 1998).

13
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The amount of stress that is experienced by a peisodependent on several
individual differences, like the way a person ea#hs a stressor and available coping
strategies. Furthermore, the stressor itself cae dédferent properties that can lead to
a strong or relatively mild stress reaction. In @etamanalysis, Dickerson and Kemeny
(2004) investigated variables that can lead tosstré&ituations that are new or
unpredictable, uncontrollable or (socially) threetg will lead to the highest cortisol
responses. A paradigm that includes all of thesegsses is the Trier Social Stress
Task (Kirschbaum et al., 1993). This is a laborattiressor that can be repeatedly
used and is shown to lead to significant increasesrtisol in the majority of people
over time. It includes a public speaking task pdeceby an anticipation phase and
followed by a cognitive task while being socialiyaéuated. In the present thesis, we
have made use of this stress protocol.

One difficulty that arises when studying cortisehctions to stress and its
effects on memory is the fact that women and mespaed with different
physiological and cognitive responses to stress. dxample, cortisol reactivity is
mediated by the use of oral contraceptives and leeh@mones in different phases of
the menstrual cycle (Kirschbaum et al., 1995, 198§l memory functions are also
differently affected by stress in females and m@¥slf, 2003; Wolf, Schommer et
al., 2001). To avoid this variance, in the prestmsis we have decided to only
examine the effects of stress on memory retriavahén. We acknowledge this as a
shortcoming, since most stress related disordiwes PITSD and depression) are more
prevalent in women than men. However, studying éheects in a homogenous
group is a first step in further understanding tleéation between cortisol and
memory.

Resear ch on the effects of stress and stress hormones on memory retrieval

Both cortisol and (nor)adrenaline are thus activihe brain after stress. They are able
to strengthen the consolidation of memories integleerm memory by their effects
on the hippocampus and amygdala (McGaugh, 200@ecedly when stress is
experienced in the context of or around the timthefevents to be remembered (Joels
et al., 2006; Smeets et al., 2007). However, thecesf of stress and stress hormones
on the retrieval of memories seem to be in the sppdalirection. Memory retrieval
has mostly been found to be impaired by acute msahal stressors (Domes et al.,
2004; Kuhlmann, Piel et al., 2005; Smeets et @082 Interestingly, especially
emotional memories have been found to be sensdittee effects of stress (Domes et
al., 2004; Kuhlmann, Piel et al., 2005; Smeets|gt2®08). Stress thus seems to
impair memory retrieval and this is thought to hee do increases in cortisol levels.
Although stress elicits endogenous cortisol ina@saand the individual differences in
these increases could in some cases be relateceriwom retrieval (Domes et al.,
2004; Smeets et al., 2008), the idea that cortisa} affect memory retrieval is also
tested more directly by exogenous administratiorcatisol. Recent studies have
found that cortisol administration indeed impairemory retrieval in humans (first
study: de Quervain et al., 2000; for an overview:. $¢et et al., 2005), and again this
effect is in some studies found to be most pronedror the retrieval of (moderate)
emotional information (Buchanan, Tranel et al., 0Quhlmann, Kirschbaum et al.,
2005; for an overview see Wolf, 2008).

14
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The finding that mostly emotional memory retrieiahbffected by stress and cortisol
is in line with an animal model proposed by Roozahett al. (2003, 2006), in which
noradrenergic activity is a prerequisite for catisffects on memory. That is, when
noradrenergic signaling from the basolateral amlgdablocked in rodents, cortisol
no longer affects memory retrieval. Similar prevemeffects on the impairing effects
of cortisol on memory retrieval by a beta-adrenetgocker (propranolol) are found
in humans (de Quervain et al.,, 2007). As mentioradier, emotional memory
retrieval is found to elicit amygdala activity amaight thus supply the necessary
noradrenergic activity that is needed for cortigol impair memory retrieval.
However, previous animal studies (Okuda et al.,420énd preliminary studies in
humans (Elzinga & Roelofs, 2005; Kuhlmann & Wol@0Bb) have also shown that
memories don’'t need to be emotional for cortisolnbgair retrieval, so long as the
environment elicits enough arousal. More researshneeded to clarify the
circumstances in which cortisol can impair mematyieval.

We should note that when studying emotional memueirieval, both
negatively and positively valenced memories cambestigated. In the present thesis
however, we will focus merely on the retrieval @gative memories, since these are
most relevant in the field of clinical psychologyhere problems are usually related
to negative memories (e.g. depression and PTSD).

During stress, not only cortisol levels increabet also (nor)adrenergic
signaling is increased. The effects of stress ntigié also be partly mediated by this
hormone / neurotransmitter. While there is strongdence that noradrenergic
signaling is a prerequisite for cortisol effects oremory, the direct effects of
(nor)adrenaline on memory retrieval in humans asdally unknown (Chamberlain
et al., 2006). Increases in noradrenergic signafmght lead to a higher level of
attention and vigilance, potentially increasing noeynretrieval (Sara, 2000), but this
will have to be specifically tested. On the othandh, blocking adrenergic activity by
a drug called propranolol has only been done oncéhé context of a memory
retrieval task, but did not show any effects (de@ain et al., 2007). Animal research
does show a role for (nor)adrenaline in extinction reconsolidation processes
(Debiec & LeDoux, 2004; Przybyslawski et al., 199B)at is, blocking of adrenergic
activation with propranolol directly after reactia was found to disrupt spatial and
conditioned fear memories in rodents. Not much nevwin yet on the effects of
blocking or enhancing (nor)adrenergic activity oaman memory retrieval and
reconsolidation. Therefore, more research in trea & needed.

Another issue that remains unclear is whether temet remote memories are
equally affected by stress. That is, retrievaleafent and remote memories is possibly
mediated by different brain areas, and may hencdifferentially affected by stress.
If remote memories become less dependent on thEot@mpus over time (as the
consolidation theory states), they might also bexdess vulnerable to the effects of
cortisol. However, animal studies have shown thRt réceptors are also present in
prefrontal and neocortex areas (Sanchez et al.0)2Gfbe place where remote
memories are stored according to consolidationrthda that respect, even remote
memories might be vulnerable to cortisol influenaes would be predicted from the
Multiple Trace Theory as well. The only study tibw that investigated retrieval of
remote memories was by Wolf et al. (2002). He ditl find any effects of stress on
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the retrieval of these remote memories, but thenéghinformation was all neutral,
implicating there might not have been enough afofesecortisol to affect memory.
Studies on the effects of stress hormones on memsngval should try to make
more distinction between recent and remote memories

Furthermore, almost all studies on the effectsti@ss hormones on memory
retrieval have used word list or short stories)@eemental memory material instead
of real autobiographical memories. Although men®wgesated in the lab are better
controlled than real life memories, conclusions migot fully generalize to
autobiographical memory processes. And as theevelr of autobiographical
memories might be mediated by slightly differerdibrareas than simpler information
about e.g. word pairs or pictures that were leatvefdre (Gilboa, 2004), effects of
stress might differ. A single study on the effemftgortisol on autobiographic memory
retrieval did show a retrieval impairment, but tinas most pronounced for neutral
memories (Buss et al., 2004), contrasting studsasguneutral and emotional words.
When studying autobiographical memory retrieval, moges are usually not
evaluated on accuracy, but on the level of spetyifithey reach. The model of
Conway and Pleydell-Pearce (2000) may help to e&tei the mechanisms which
explain why autobiographical memories can beconex-general instead of specific.
This model assumes that autobiographical memoresezonstructed in a dynamic
and iterative process from stored autobiographikabwledge and semantic
knowledge. Autobiographical knowledge is stored andessed hierarchically, with
upper layers containing general life-time inforroati narrowing down to lower
layers, where detailed sensory and perceptualtsittapecific information is found.
According to this model, deliberate retrieval otahiographical memories follows a
hierarchical process starting with retrieval ofelifime periods involving general
events, followed by the retrieval of event speckimowledge of one event. In the
process of reconstructing autobiographical memopatients with stress-related
disorders may get stuck in the intermediate leethes model and are unable to
retrieve specific details that concern self-relévenformation. Using a specificity
measure (e.g. the Autobiographical Memory task (AMiFst described by Williams
& Broadbent, 1986), the effects of stress on aggaiphical memory can be studied.

The bright side of attenuating emotional memory retrieval

Clinical implications of fundamental knowledge

As described in the previous paragraph, emotionamaory retrieval seems to be
impaired by stress hormones like cortisol. Whilgs timight seem a negative
consequence, in some situations it can be adagtha.is, in some situations it might
be desirable to block emotional memory retrieva.d&scribed in the first paragraph,
in some disorders, emotional memories elicit veérgrgy emotions and sometimes so
strong that they can disable normal life. For exi@npatients with post-traumatic
stress disorder (PTSD) experience flashbacks anasions of the trauma, a sense of
reliving the trauma and hyper reactivity to trauimaues. But also depressed patients
can have a bias in memory for the retrieval of tigganemories (Leppanen, 2006). If
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it is possible to impair the retrieval of emotiomaémories, or make memories less
emotionally intense, this could enhance the effiaadreating these disorders.

Pitman and Delahanty (2005) have proposed a ntbdelmight explain the
pathogenesis of PTSD. During a traumatic experieacgtrong stress response can
lead to the release of an excessive amount ofsstreemones like adrenaline and
cortisol. This can lead to strong memories thataten and vividly relived. Every
time the memory is relived stress hormones arasel again and might strengthen
the memory, leading to a cycle of over-consolidatesmories. As described before,
this process of memories being affected by theitriensal is also called
reconsolidation. If we can attenuate either theessive retrieval, or the strong
reconsolidation of these memories, it might be ibdsso break this cycle. As cortisol
is found to impair emotional memory retrieval, gmwdliminary studies in animals and
humans have shown that propranolol can reduce setidation of emotional
memories (Brunet et al., 2008; Debiec & LeDoux, £0@rzybyslawaki et al., 1999),
these drugs are of interest to clinical practice.ttAs moment several studies with
cortisol and propranolol in clinical populationsvieabeen performed or are being
conducted, showing promising results (Aerni et2004; Pitman et al., 2002; Soravia
et al., 2006; Vaiva et al., 2003; Weis et al., 20@& the mechanisms through which
these drugs work are still largely unclear, thesprng thesis will explore the impact of
both cortisol and propranolol on memory retrievad aeconsolidation in healthy
people. While these results might not be direcfiplizable to clinical groups (with
far stronger emotional, traumatic memories), itiistart to understand the working
mechanisms of these drugs.

We can hypothesize on the mechanisms that aretedfdzy cortisol and
propranolol. Neuro-imaging studies have shown thatimpairing effects of cortisol
on memory retrieval might be largely mediated by tippocampus (de Quervain et
al., 2003; Oei et al., 2007). Cortisol might thusnidiish the recall of emotional
memories, but can possibly also reduce the emdtiomaact of the memory as the
emotional reactions belonging to the memory are fdliy accessed. However,
unconscious automatic reactions to memory cuestrpigssibly still elicit emotional
responses (for a debate on conscious versus ungcogssuemories see Mitchell et al.,
in press). Whether cortisol can reduce the emotional impchemories thus remains
to be elucidated. Furthermore, if memories are arohot fully reactivated due to
cortisol, less reconsolidation might take placetepbally leading to a less strong
memory trace. Propranolol on the other hand isghbto mostly affect the amygdala
(Strange & Dolan, 2004; van Stegeren, Goekoop.eP@05). During the retrieval of
emotional memories, propranolol might block theesscto the emotional responses
normally elicited by the amygdala in response taeanory, and could thus lead to a
memory of an emotional event without the emotiomgberience. As the memory is
remembered less intense, it might also be recafedelil to a lesser extent, which
could potentially also impact the conscious recélthe declarative components on
the long-term.

In summary, while cortisol might block more dectara recall of memories
mediated by the hippocampus, there is a possilthigy it also affects the emotional
experience of these memories. Propranolol on therdtand might block the retrieval
of emotions associated with memories mediated byatihygdala, but possibly also

17



Chapter 1

leads to less strong memories. In the presentsthesiwill explore the immediate and
long-term impact of cortisol and propranolol adreiration both on declarative
memories and on the emotional reactions to memdoiexamine these hypotheses.
Understanding the effects of cortisol and proprahoin memory is important to
assess both the potential positive effects of tlesgs, but also possible side-effects
and ethical consideration of the use of these driipat is, will factual memories
actually be forgotten, or only become less emotjcerad how long will those effects
last? It might very well be that patients are beltielped by a good processing of the
memories instead of forgetting those memories (Me6Gl & Harvey, 2004). Before
these considerations and implications can be fdiscussed, more knowledge is
needed on the effects of cortisol and propranolal memory retrieval and
reconsolidation. The present thesis will try toavel some of these processes.

Outline of thisthesis

Main aims

The main aim of the present thesis is to studydfiects of stress hormones, in
specific cortisol, on the retrieval of emotional maies in healthy humans. In

addition, we were interested in the effects of ssréiormones on post-retrieval
processes like reconsolidation. Previous reseaesh dhown that the retrieval of
emotional information is negatively affected byess. However, the specific
conditions in which these effects appear, as welthee long-term effects, are still
unclear. Several of these issues are investigatdteipresent thesis. More knowledge
on the effects of cortisol, as well as propranolmh, the retrieval of declarative

memories and emotional reactions to memories, cbaldiseful in clinical practice

that is involved with disorders characterized byessive retrieval of emotional

memories.

Chapters

In this introduction, background information wasen on the field of emotional
memory retrieval and the possible influences oésstrand stress hormones on this
process, as well as the potential useful implicetitor clinical practice. In the next
five chapters, data from three studies that weralgoted between September 2004
and 2008 will be described.

In chapter 2, the effects of a psychosocial sttask on memory retrieval of
neutral and emotional words is described, in whioh effects of cortisol increases
during and after the stress task are related toaneperformance. This was done to
further explore the different effects of cortisoh dhe retrieval of neutral and
emotional memories in both an arousing and a noasamg setting. Furthermore, the
memories were created in the lab either 1 day webks before retrieval to asses
whether retrieval of recent and remote memorieifisrentially affected by stress.

In chapter 3 a follow-up of the study from chafas described, for which all
participants were contacted again 6 months afeistart of the original study. As it
might be possible to affect the retrieval of ematiomemories by stress, it might also
be possible that these memory traces are affentéleir reconsolidation. It is thus
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General Introduction

interesting to see whether retrieval impairments gustress and stress hormones are
temporary or have long-term effects.

Chapter 4 describes the immediate and prolongedtsfbf exogenous cortisol
and propranolol administration on declarative memoetrieval of neutral and
emotional words, to investigate the effect of thdaags both on retrieval and post-
retrieval processes.

Chapter 5 describes a study on the effects of sstogesthe specificity of
autobiographical memories, to test whether findiogdaboratory memory tasks can
be generalized to real life memories.

Chapter 6 is also directed to autobiographical nrgnamd investigates the
immediate and prolonged effects of cortisol andppanolol administration on the
subjective experience of personal memories, asasgetin the physiological reactivity
to these memories. Chapter 6 is based on the sauahe & chapter 4, but chapter 4
measured effects on declarative memory retrievid idifferent task.

Finally, chapter 7 will give an overview of the dimgs in chapters 2 to 6 and
discuss the implications of these findings for mgmmodels and clinical practice.
The chapter will conclude with some suggestionduture research.
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