
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Challenging emotional memory

Bos, M.G.N.

Publication date
2014

Link to publication

Citation for published version (APA):
Bos, M. G. N. (2014). Challenging emotional memory. [Thesis, fully internal, Universiteit van
Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/challenging-emotional-memory(eb7bbb77-9b99-43c6-bd0b-da429571b420).html


Chapter 7

Summary and  
General Discussion



132  |  Chapter 7 Summary and General Discussion  |  133

The general objective of this thesis was to gain more insight into the malleable nature of 

emotional memory. In five empirical chapters we experimentally challenged emotional memory, 

by combining insights from neuroscience, neurobiology and experimental psychopathology. 

Emotional memory is a broad concept that can be studied by different methodologies. In 

this thesis three different experimental paradigms (fear conditioning, emotion-induction by film 

clips and word-list learning) were used to test different components of emotional memory 

and several measures were utilized to assess the expression of emotional memory, such as 

physiological indices (startle reflex, skin conductance) and cognitive indices (US-expectancy 

ratings, free recall, recognition). In search of altering the strength of earlier formed emotional 

memory, we applied pharmacological and behavioral manipulations before or after memory 

reactivation to interfere with reconsolidation. In this final chapter, the empirical findings will 

be summarized, integrated and discussed, concluding with suggestions for future directions. 

Memory retrieval, reconsolidation and extinction

The first aim of the current thesis was to disentangle the process of reconsolidation and extinction 

learning, specifically the transition from reconsolidation-induction to extinction-induction upon 

recall of associative fear memory. To this end, we tested the effect of noradrenergic blockade 

on these two processes in two separate studies. Chapter 2 and 3 present these studies where 

we varied the number of reactivation trials to the extreme to ascertain two possible outcomes 

of retrieval: reconsolidation and extinction. The objective of Chapter 2 was to firstly replicate 

the previously established effect of pharmacological disruption of reconsolidation to further 

explore the alleged rivalry between both processes. However, in sharp contrast to previous 

studies in our lab (Kindt et al., 2009; Sevenster et al., 2012b; Sevenster et al., 2013; Soeter & 

Kindt, 2010; Soeter & Kindt, 2012a; Soeter & Kindt, 2011a; Soeter & Kindt, 2012b), we found 

that noradrenergic blockade during a single memory reactivation trial did not affect startle 

responding the next day. Propranolol HCl administration prior to memory reactivation left the 

fear memory intact. Even though we modified the instruction to optimize the procedure, we 

failed to replicate the finding that propranolol HCl before memory reactivation eliminates the 

startle fear response (Kindt et al., 2009; Sevenster et al., 2012b; Soeter & Kindt, 2010; Soeter 

& Kindt, 2011a; Soeter & Kindt, 2012b). Obviously, this result was unexpected and remains 

difficult to fathom. 

Our understanding of the optimal and boundary conditions of disrupting reconsolidation 

has advanced since we obtained the results described in the previous paragraph. Initially, we 

expected that the key to explain this unexpected result was the expression of fear (startle reflex) 
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during memory retrieval. The data of Chapter 2 could however not reveal a relation between 

the strength of differential startle response on day 2 and day 3. Very recently, data from our 

lab suggest that the expression of fear during memory retrieval (i.e, startle potentiation) is not 

a reliable index of the underlying process that is ultimately engaged by memory reactivation. 

Furthermore, research in animals (Morris et al., 2006; Pedreira et al., 2004) and humans (Forcato 

et al., 2009; Sevenster et al., 2013; Sevenster et al., 2012b) showed that reconsolidation is only 

triggered when there is an opportunity for new learning during memory retrieval. The experience 

of a prediction error (PE) – the mismatch between the expected and actual experience based 

on prior learning – appeared to be a prerequisite to destabilize the initial memory trace. The 

interaction between learning history and memory reactivation determines whether memory 

retrieval triggers reconsolidation or new learning (extinction learning) (Bustos, Maldonado, & 

Molina, 2009; Sevenster, Beckers, & Kindt, submitted). Given that the experimental procedure 

of Chapter 2 was not designed to explicitly test PE-driven learning, it remains speculative 

what happened upon recall. We would argue that the most likely explanation for the failed 

replication is that during reactivation the memory was only retrieved without engaging the 

process of reconsolidation (see also, Bustos et al., 2009; Sevenster et al., submitted; Suzuki et 

al., 2004). It still remains unclear why the usually successful procedure to trigger the process 

of reconsolidation was unsuccessful in this particular study. 

In Chapter 3 we tested whether oral administration of propranolol HCl prior to repeated 

memory reactivation would affect extinction learning and can be considered as a boundary 

condition of disrupting reconsolidation. The results showed that propranolol HCl left the 

physiological expression of fear memory (startle reflex, skin conductance response) 

unaffected, but impaired extinction learning at a cognitive level (CS-US contingency). This 

indicates that a careful selection of the timing parameters upon recall is essential to ensure that 

the pharmacological agent interferes with the intended memory process.

Taken together, the results of Chapter 2 and 3 and our new insights acquired in the past few 

years suggest that there is a relatively small window of opportunity to target reconsolidation of 

emotional memory by pharmacological or behavioral interventions. Memory retrieval on itself 

is not sufficient to trigger memory reconsolidation, but recurrent retrieval may engage new 

learning. Both findings support the assumption that certain boundary conditions exist under 

which reconsolidation does not occur. However, it bears mentioning that it is very difficult 

to prove the existence of a boundary condition based on the behavioral expression of fear 

memory (Finnie & Nader, 2012). A negative finding, such as we described in Chapter 2, does 

not implicate that a memory cannot undergo reconsolidation under different circumstances. 

It only demonstrates that the experimental parameters to induce memory destabilization were 

not sufficient to do so. Hence, it cannot be ruled out that other possible reactivation procedures 
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(for instance, reactivation that is more or less similar to the encoding event) could have been 

effective in inducing memory destabilization. Our findings underline the importance to gain 

insight into the transition from retrieval to reconsolidation to new learning. To recap, if we are 

to target reconsolidation with pharmacological agents in clinical practice, careful selection of 

timing parameters of memory retrieval is crucial to trigger the intended memory process.

Physiological expression of fear

The results of Chapter 3 showed that propranolol HCl administration prior to repeated memory 

retrieval only affected the cognitive expression of fear (US-expectancy ratings), but not the 

physiological expression of fear (startle reflex and skin conductance response). In line with 

previous studies from our lab and other labs (Hamm & Vaitl, 1996; Sevenster et al., 2012b; 

Sevenster et al., 2013; Soeter & Kindt, 2010; Soeter & Kindt, 2011b; Soeter & Kindt, 2012b; 

Weike et al., 2007), this indicates that the different measures of the conditioned fear response 

represent different underlying response systems. Most remarkable is the observed difference 

between startle reflex and skin conductance in our reconsolidation studies (e.g., Soeter & 

Kindt, 2010). These findings together inspired us to investigate the underlying mechanisms 

of the different physiological response systems in more detail (Chapter 4). Even though our 

interest in diverging response systems originated from the fear conditioning studies mentioned 

above, a disadvantage of the prototypical fear conditioning paradigm is that it is very difficult 

to disentangle the underlying mechanisms that may account for the conditioned response 

(valence and/or arousal). This is particularly the case for the dimension of valence, given that 

a positive equivalent of the aversive US (i.e., commonly an electric shock) is difficult to obtain. 

Therefore, we used a film-viewing paradigm, which enabled us to vary the level of valence. In 

Chapter 4 we demonstrated that in contrast to SCR and HR, the startle response differentiated 

between negative, neutral and positive states. The startle response can therefore be considered 

as a reliable index of activation of the defense system, while the SCR is restricted to arousal 

regardless of the valence of the film clips (positive, negative). Our behavioral findings of the 

dissociation between startle response and SCR are in correspondence with the neurobiological 

underpinnings of these response systems. The amygdala, which is considered the emotional 

center of the brain, is critically involved in the neural circuit of potentiation of the startle reflex (Davis 

et al., 1993; Davis, 2006). Although amygdala activation is also associated with conditioned skin 

conductance responding (Cheng, Knight, Smith, Stein, & Helmstetter, 2003; Knight, Nguyen, & 

Bandettini, 2005; Phelps et al., 2001), the neural underpinning of SCR is far more widespread 

and not specifically related to the neural defense network (for a review, see Critchley, 2002). 
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Furthermore, we showed that HRV, a biological index of emotional responding (Appelhans & 

Luecken, 2006; Porges, 2007; Thayer & Lane, 2000), was associated with affect-modulated 

characteristics of the startle reflex, but not with SCR or HR. This finding emphasizes the 

potential of HRV as an interesting measure of individual differences in emotional responding in 

experimental research on emotion in general and fear in specific. 

In human fear conditioning research, multiple indices of conditioned fear are usually 

obtained for reasons of cross-validation. The findings of Chapter 4 and from other studies 

(e.g., Sevenster, Beckers, & Kindt, 2014; Soeter & Kindt, 2010) emphasize the unique 

contribution of each measure to understand the complex nature of fear (learning). Note that 

fear is characterized by high levels of negative valence and arousal (Lang, 1995). As shown 

in Chapter 3 and in other studies, the different indices do not necessarily converge (for a 

critical discussion, see Beckers, Krypotos, Boddez, Effting, & Kindt, 2013). It is therefore useful 

to obtain multiple indices of the conditioned response, but only when diverging response 

patterns are a priori predicted. 

Stress influences reconsolidation of declarative memory

The second aim of this thesis was to examine the effect of post-reactivation stress on emotional 

declarative memory (Chapter 5 and 6). It has been suggested that the functional role of 

reconsolidation is to keep our memories up to date. This adaptive function may explain why 

some memories are maintained, whereas the bulk of daily life experiences are not (Hardt et 

al., 2010; Lee, 2009). Behavioral manipulations such as methods of stress induction during the 

reconsolidation window could further support this adaptive role of reconsolidation.

In Chapter 5 we used a declarative memory procedure in two experiments in order to test 

the effect of stress exposure after memory reactivation on memory performance 24 hours later. 

The first experiment demonstrated that post-reactivation stress improved recall performance. 

Furthermore, the results tentatively indicated that stress enhanced false recognition (erroneously 

recognizing ‘new’ words as old). In the second experiment we replicated the first finding, 

but not the latter. Taken together, the results support the idea that reconsolidation serves an 

adaptive function and show that post-reactivation stress can be an important modulator of 

memory strengthening. 

The suggestion that post-reactivation stress enhances false recognition may imply that post-

reactivation stress also facilitates memory generalization. People tend to re-store the central 

thematic information of a memory - the so-called ‘gist’ of a memory - at the cost of specific 

details. It has been shown that stress during memory consolidation may enhance memory 
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generalization (Adolphs et al., 2005; Payne et al., 2002). When memories easily generalize to 

other stimuli or places, they may become maladaptive and result in a disproportionate amount 

of fear and anxiety, for example in patients with PTSD. In Chapter 6 we further examined whether 

post-reactivation stress affected the contextualization of emotional memory. We modified the 

memory task discussed in Chapter 5. In Chapter 6, participants had to learn the association 

between emotional words and a related background picture. Furthermore, we extended the time 

between memory reactivation and test with 5 days. The results showed that words were in general 

better retrieved in their original encoding context than in another context (contextualization). 

Importantly, cortisol level mediated the effect between post-reactivation stress exposure and 

contextualization of emotional words. That is, higher levels of cortisol was associated with 

stronger memory contextualization (i.e., differentiation between the amount of words retrieved 

in the original encoding context versus the amount of words retrieved in another context). Thus, 

increase in cortisol response prevented memories to generalize over contexts. 

Taken together, the findings of the last two empirical Chapters 5 and 6 are in accord with 

the idea that the process of reconsolidation serves an adaptive function. Post-retrieval stress 

can strengthen memory performance and memory contextualization. As explained in the 

general introduction, a stressful situation activates a complex physiological and psychological 

response system which is needed to activate a fight-flight response and subsequently to restore 

the homeostasis. The amount of stress and stress hormones seem to determine whether stress 

exerts a positive, adaptive or negative, maladaptive influence on memory performance in 

general. It has been suggested that stress effects on memory follow an inverted U-shape curve; 

mild levels of stress will enhance memory formation, whereas strong levels of stress impair 

memory formation (Abercrombie et al., 2003; Lupien & McEwen, 1997). We would suggest that 

stress exerts a similar effect on the process of reconsolidation. Whereas we currently seem to 

show the adaptive part of stress, stronger levels of stress might show the opposite pattern. 

Note that we can only retrospectively infer whether stress has exerted either an adaptive 

or a maladaptive influence on memory contextualization and generalization. It is difficult to 

experimentally induce strong levels of stress by behavioral manipulations in humans due to 

legitimate ethical constraints. A solution would be to increase the level of stress hormones by 

synthetic administration of cortisol. In this manner much higher levels of physiological stress 

can be obtained. Nevertheless, synthetic administration of cortisol has its own disadvantages. 
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General considerations

Each of the empirical chapters of this thesis has its own strengths and limitations, which 

are discussed in the relevant chapters. In the section below, we will discuss some general 

considerations related to the studies described in the current thesis. 

In this thesis we used an experimental approach to investigate the malleable nature of 

emotional memory in healthy individuals. The advantage of the experimental paradigms used 

in this thesis is that they reduce the complexity of emotional memory to such extent that it 

enabled us to examine specific aspects of emotional memory under controlled conditions. 

A disadvantage of the experimental approach is an inevitable lack of ecological validity of 

the utilized analogues of emotional events and subsequent retention tests. For example, in  

Chapter 5 we used a declarative memory procedure, in which participants had to learn neutral, 

positive and negative words. Even though imaging studies have shown that learning and 

remembering emotional words activate the neural defense network (e.g., Kensinger & Corkin, 

2004; Strange & Dolan, 2004), it remains (highly) questionable whether memory of emotional 

words can be seen as an adequate analogue of memory of emotional experiences in real life. 

We used different experimental paradigms to examine reconsolidation of fear memory 

(fear conditioning) and reconsolidation of emotional declarative memory (word-list learning). 

By doing so, we artificially separated the physiological expression of fear memory from 

explicit, declarative memory. Even though the formation of a fear association in a Pavlovian 

conditioning paradigm also creates declarative knowledge of this CS-US contingency, US 

expectancy ratings cannot always be seen as a direct measure of declarative memory, as they 

can be sensitive to experimental demands (e.g., Boddez et al., 2013). The distinction between 

the physiological expression of fear memory and declarative memory helps to understand 

specific memory processes. A future challenge is to develop experimental paradigms that are 

suitable to investigate both processes together. One possibility is to increase the associative 

complexity in the fear conditioning paradigm (Boddez, Bayens, Hermans, & Beckers, in 

press). Typically, only simple associations are learned between a single CS (i.e., a picture) and 

a US (i.e., a shock), in which little is to learn on a cognitive level. Another possibility is to use 

validated stress-induction paradigms, such as the Trier Social Stress Test (Kirschbaum, Pirke, 

& Hellhammer, 1993), as analogue of an emotional experience. During this task, participants 

have to perform a speech task and an arithmetic task in front of a jury. This highly stressful 

situation is suitable to test physiological as well as declarative expressions of negative 

emotional memory. 
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In search of ways to alter the strength of emotional memory we applied pharmacological 

and behavioral manipulations. Each of these manipulations has its own advantages and 

disadvantages that are related to the research question at hand. In the first two empirical 

chapters, we aimed at blocking noradrenergic receptors in the basal lateral amygdala (BLA) 

by oral administration of propranolol HCl. This offered the opportunity to examine the role of 

noradrenergic signaling in relative isolation. A general disadvantage of systemic administration 

of pharmacological agents is the difficulty to assess whether the pharmacological agent exerts 

it effect at the intended brain area. Even though propranolol HCl passes the blood-brain barrier, 

we cannot proof that the BLA is indeed the affected area in our reconsolidation studies. In the 

last two empirical chapters we used a behavioral manipulation to induce stress, because we 

were interested in how reconsolidation can be affected by real life situations. The advantage 

of a behavioral manipulation to induce stress is the somewhat stronger ecological validity. 

Exposure to a stressful situation in the laboratory elicits a wide range of physiological response 

systems thereby mimicking a real-life stress situation. A disadvantage of experimental induction 

of stress is that the response systems cannot be completely disentangled given that activation 

of those systems acts in concert. However, mediation analysis can provide useful insights in 

the unique contribution of each response system (as shown in Chapter 5 and 6). A difficulty of 

both the pharmacological and behavioral stress manipulation is that we can only peripherally 

measure the effect of the intervention, like changes in blood pressure, heart rate and salivary 

cortisol. Future research should use both methods (synthetic and behavioral induction of stress) 

to clarify the complex interaction between stress and memory reconsolidation and the specific 

role of the different stress response systems (HPA axis and ANS) on memory reconsolidation. 

A final consideration is the recent turmoil in science, specifically in (social) psychology 

(Pashler & Wagenmakers, 2012) and neuroscience (Barch & Yarkoni, 2013; Button et al., 2013), 

about the replicability of research findings. This issue has received much attention in scientific 

journals (see for example a special issue on this topic in Psychological Science, 2012) as 

well as in the public media. The growing number of open-access journals and the recent 

initiative of the Open Science Framework support the increased attention to replication studies 

and null findings (Open Science Collaboration, 2012). Taking this subject into considerations, 

how should we interpret the findings of the current thesis? First, even though research on 

reconsolidation in humans is still in its infancy, many replication studies, whether successful 

(e.g., Forcato et al., 2009; Hupbach et al., 2011; Hupbach et al., 2009; Sevenster et al., 2012b; 

Sevenster et al., 2013; Sevenster et al., submitted; Soeter & Kindt, 2010; Soeter & Kindt, 2012a; 

Soeter & Kindt, 2011b; Soeter & Kindt, 2012a) or not (Golkar, Bellander, Olsson, & Öhman, 

2012; Kindt & Soeter, 2013; Soeter & Kindt, 2011b) have already been reported, emphasizing 

the recognition in this field of replications. Second, in Chapter 2 we did not replicate the 
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previously reported findings (Kindt et al., 2009; Sevenster et al., 2012b; Sevenster et al., 

2013; Soeter & Kindt, 2010; Soeter & Kindt, 2012a; Soeter & Kindt, 2011a; Soeter & Kindt, 

2012b); i.e., the elimination of the startle fear response as a result of disrupting reconsolidation 

with propranolol HCl. We argue that it is essential to communicate such findings, given that 

much can be learned from positive and negative findings. A difficulty of failed replications 

is, however, that it often remains speculative how the observed findings can be explained, 

such as in Chapter 2. Ideally, a set of experiments, rather than a single experiment, should be 

conducted to systematically explore alternative explanations of findings. A single study can 

make important steps forward, but replication studies and eventually meta-analyses of several 

studies are essential to determine the strength of the findings. Considering the broader picture, 

it seems that the null findings of Chapter 2 are an exception rather than the rule, given the 

multiple successful replications of disrupting reconsolidation of fear memory with propranolol 

HCl in our lab. 

Challenges & Future directions

As mentioned earlier, research on reconsolidation in humans is a relatively young field and 

many questions still need to be solved. In this section, we will highlight some challenges for 

future research that are related to the findings of the current thesis. 

An important theoretical and clinical question is how to control the different processes 

that may be engaged during recall. Research suggests that the interaction between learning 

history and memory reactivation determines which process will prevail upon recall (Sevenster 

et al., 2013; Sevenster et al., submitted; Merlo et al., 2014). A future challenge is to monitor the 

transition from memory retrieval, to reconsolidation to new learning (i.e., extinction learning). 

The experience of a PE seems to be essential to trigger reconsolidation (Sevenster et al., 

2013; Lee, 2009; Pedreira and Moldano, 2003), but PE is also involved in the formation of a 

new memory trace such as extinction learning. Importantly, US-expectancy ratings can serve 

as an independent index to assess PE learning and memory destabilization, independently 

from the occurrence of reconsolidation (Sevenster et al., 2013). One important future step is 

to determine whether US-expectancy ratings or other cognitive measures can be utilized as 

an online measure of PE learning during recall to monitor the dominant memory process at 

hand. If we can monitor which process prevails during recall, we could better control when 

to administer pharmacological or behavioral manipulations to be certain to disrupt memory 

reconsolidation. 
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A related issue that needs to be addressed is how the transition from retrieval to reconsolidation 

to new learning evolves. Is this a gradual process, suggesting a competition between memory 

traces? Is this a stepwise transition? Or are there intermediate stages, in which neither 

reconsolidation nor new learning occurs? Recently, an animal study suggests the latter (Merlo, 

Milton, Goozee, Theobald, & Everitt, 2014). Merlo and colleagues (2014) used a classical fear 

conditioning paradigm and manipulated the number of reactivation trials from 1, 4, 7 to 10. As 

expected, pharmacological agents interfered with memory reconsolidation as triggered by 

1 unreinforced reactivation trial and with extinction memory induced by 7 or 10 unreinforced 

reactivation trials. Importantly, if the memory was reactivated by only 4 unreinforced reactivation 

trials, pharmacological agents did not affect memory performance. This finding suggests 

that reconsolidation and extinction are separated by an insensitive phase in which neither 

process is actively involved and in which memory is insensitive to pharmacological agents. 

Moreover, very recently we showed a similar pattern in humans in our own lab (Sevenster et 

al., submitted). In this study, participants were subjected to a differential fear conditioning 

procedure that followed an alternating reinforcement schedule during acquisition (i.e., 50% 

reinforcement schedule). The next day participants received either 1, 2 or 4 reactivation trials 

(unreinforced CS1 trials) followed by an oral dose of 40 mg propranolol HCl. Importantly, only 

participants that were subjected to two reactivation trials showed an absence of fear 24 h later, 

indicating successful disruption of reconsolidation by propranolol HCl. In contrast, propranolol 

HCl administration following 1 or 4 reactivation trials left the fear memory trace unaffected. 

A question that is only indirectly addressed in the current thesis is the role of individual 

differences related to reconsolidation. To understand the demarcation from adaptive to 

maladaptive memory functioning, it is essential to relate individual differences to (fear) learning 

and memory. Research has shown that risk factors to develop anxiety-related disorders (e.g., 

high trait anxiety) are related to elevated fear to safety cues and impaired extinction learning 

(e.g., Gazendam, Kamphuis, & Kindt, 2013; Grillon & Ameli, 2001; for a review, see Lissek 

et al., 2005; but see Kindt & Soeter, 2014). Moreover, a recent study showed that disrupting 

reconsolidation with propranolol HCl resulted in a less pronounced reduction of fear in 

participants with high levels of trait anxiety (Soeter & Kindt, 2013). This finding might suggest 

that the single unreinforced reactivation trial was insufficient to destabilize the fear memory in 

this particular population. Individuals with high trait anxiety are known to interpret ambiguous 

situations (like a single memory reactivation trial) more fearful and thus use the so-called 

better-safe-than-sorry strategy (Eysenck, MacLeod, & Mathews, 1987). An interesting question 

is whether and how individual differences in for example trait anxiety are related to effective 

memory destabilization. For example, are more reactivation trials needed to induce memory 

destabilization? Or, are different reactivation procedures required to induce a PE, which is 
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essential to induce memory destabilization? Related to this latter issue is the question whether 

individual differences in processing emotional information are related to memory destabilization 

and restabilization. Patients with PTSD seem to process emotional situations and stimuli 

differently compared to healthy controls. It has been suggested that patients with PTSD are 

tended to process the sensory impressions and perceptual characteristics of emotional stimuli 

(i.e., data-driven processing) as opposed to conceptual processing such as the meaning and 

contextualization of an emotional event (i.e., conceptual-driven processing, Ehlers & Clark, 

2000; Kindt et al., 2008). An interesting question is whether the processing mode influences 

memory destabilization and restabilization. Retrieval of a traumatic experience is often 

followed by strong feelings of distress. One could hypothesize that if only general features of 

the traumatic experience are retrieved, post-reactivation stress would enhance the ‘gist’ of the 

memory. This would facilitate memory generalization and impair memory contextualization. 

Note, that we used a context-specific reminder procedure in Chapter 6. For the development 

of reconsolidation-based treatments, this would suggest that it is essential to denote patients’ 

attention to concrete and contextual features during memory retrieval.

A last issue that should be mentioned is that we examined the malleable nature of emotional 

memory in healthy participants. We used this approach to understand the adaptive as well as 

the maladaptive process of reconsolidation of emotional memory. For future research, individuals 

at risk to develop an anxiety disorder and studies including patients are needed to further 

understand the mechanism of reconsolidation and to translate our findings to clinical practice. 

Concluding remarks

Reconsolidation plays a key role in keeping our memories up to date. In the current thesis we 

demonstrated that post-reactivation stress exposure can strengthen memory and enhance 

the contextual embedding of emotional memory. This suggests that reconsolidation serves to 

maintain memory relevance and fulfills an adaptive function. On the other hand, reconsolidation 

can also be disrupted thereby weakening the expression of emotional memory. Several previous 

studies in our lab demonstrated the utility of disrupting reconsolidation with the noradrenergic 

beta-blocker propranolol HCl. Nevertheless, in the current thesis we showed that there are also 

certain conditions under which reconsolidation does not occur. Taken together, reconsolidation 

may explain the persistence of emotional memory, but may also be the solution if one aims 

to alter the strength of emotional memories that have become maladaptive and impair daily 

functioning. Yet, controlling all factors that exert an influence on reconsolidation remains a real 

challenge. 


