d
A
&
15,

Universiteit

*dlied) Leiden
'M% The Netherlands

E
3
H oo
B
=
=)
@\
-3

o

Fading memories : the impact of stress hormones on the retrieval of

emotional memories
Tollenaar, M.S.

Citation
Tollenaar, M. S. (2009, May 13). Fading memories : the impact of stress hormones on the
retrieval of emotional memories. Retrieved from https://hdl.handle.net/1887/13789

Version: Not Applicable (or Unknown)

Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/13789

License:

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/13789

Chapter 6

Psychophysiological responding to
emotional memories

In healthy young men

after cortisol and propranolol
administration

The contents of this chapter are published in Psychopharmacol ogy, 203(4), 2009
DOI: 10.1007/s00213-008-1427-x
M.S. Tollenaar, B.M. Elzinga, Ph. Spinhoven, & WATM. Everaerd



Chapter 6

Summary

Propranolol is found to reduce physiological hypesponsiveness in Post Traumatic
Stress Disorder (PTSD), possibly by affecting recdidation after the reactivation of
traumatic memories. Cortisol is found to attenwhdelarative memory retrieval, but it
is unknown whether it also reduces physiologicapomses to emotional memories.
To examine whether the effects of propranolol orysphlogical responding to
emotional memories can also be found in healthytrots) and to investigate the
immediate and prolonged effects of cortisol on phiggical responding to emotional
memories, we tested these effects in 79 healthpyooen. After preparing a script of
a negative disturbing memory, participants werérutsed to imagine this event one
week later after ingestion of either 35 mg cortis®8) mg propranolol or a placebo.
Physiological responding to the script-driven imggeas recorded. Another week
later, after wash-out, the imagery was repeatethaBaring all 3 sessions as well as
8 months later, subjective emotional reactionsh® memories were assessed. The
emotionality of the memories was reduced over tiwlgeich was not affected by the
treatments, however. The personal emotional scdmt evoke higher skin
conductance responses than a neutral story, whictedsed one week later, but no
effects were found of either propranolol or coitisa this responsiveness. Whereas
healthy males do show psychophysiologic respontbngersonal emotional scripts,
the effects of cortisol and propranolol on physipdal responses to emotional
memories might be specific to clinical groups clkteazed by hyper-responsiveness,
like PTSD. Future studies using longer-acting dases$ more elaborate reactivation
procedures in both healthy men and women could sha@ light on the effects of
cortisol and propranolol on psychophysiologicapasling to emotional memories.
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Psychophysiological Responding to Emotional Memories

I ntroduction

Stress hormones like cortisol and (nor)adrenaliaeehbeen found to affect human
memory processing (Cahill et al., 1994; Lupien &Ben, 1997; Wolf, 2008). These
effects are dependent on several variables, inoduttie stage of memory processing
and the emotionality of the memories involved. Ehing and consolidation stages
seem to be enhanced by both elevated cortisol drehaline levels (Andreano &
Cahill, 2006; Buchanan & Lovallo, 2001; Cahill & lAte, 2003; O'Carroll et al.,
1999), while they are impaired after blocking adlere by means of selective beta-
blocking agents like propranolol (Cahill et al. 989 van Stegeren et al., 1998). On the
other hand, retrieval seems to be impaired by aszé cortisol levels (de Quervain et
al., 2000; Het et al., 2005), while not much is knoabout the effects of adrenaline
manipulation before retrieval (Chamberlain et 2D06; de Quervain et al., 2007).
Regardless of the memory stage, the effects ofsobrseem to be dependent on the
emotionality of the memories involved. That is,eets are stronger when memories
are arousing (Buchanan & Lovallo 2001; Kuhlmannysklhbaum et al., 2005;
Kuhlmann, Piel et al., 2005) or when the testingirmmment elicits enough arousal
(Abercrombie et al., 2005; Kuhlmann & Wolf, 2006bpllenaar et al., 2008a /
Chapter 2). Likewise, blocking adrenergic activatimpairs the encoding mostly of
emotional material (Cahill et al., 1994; van Stegeet al., 1998).

As it has been shown that encoding and retrieval m affected by stress
hormones, lately, an increasing interest in mamaijng) post-retrieval processes has
arisen (e.g. Diergaarde et al., 2008; McCleery &nwvdg, 2004). If it would be
possible to affect memory traces after they haenliermed and retrieved, this could
improve the treatment of stress and memory reldtsdrders, like Post Traumatic
Stress Disorder (PTSD) and phobias (Debiec & LeddB06; de Quervain &
Margraf, 2008). Promising in this view is animasearch that has shown that stress
hormones like corticosterone (a glucocorticoid tlesembles cortisol, but is naturally
more abundantly present in rodents), and beta-ady&n blocking agents like
propranolol can affect long-term memory when adstered during or after
reactivation of the existing memory traces (Abrarial., 2008; Cai et al., 2006;
Debiec & Ledoux, 2004; Maroun & Akirav, 2007; Prygbawski et al., 1999; Tronel
& Alberini, 2007; Yang et al. 2005). Processes & thought to be influenced by
these drugs are post-retrieval mechanisms likenettin and reconsolidation (Suzuki
et al., 2004). While extinction may lead to new nogies that are formed during
habituation to emotional memories (or conditionechxiety responses),
reconsolidation is thought to be a process duritichkvthe original memory trace
becomes temporarily labile after reactivation, #mas prone to change. If extinction
could be enhanced or reconsolidation impairedhduid be possible to attenuate
existing (traumatic and anxious) memories.

Based on the above findings, both cortisol and pamgol have been
proposed to lead to lasting reductions of emotionamory traces after exposure to
traumatic memories and phobias. Moreover, both tanbss have already been
included in clinical trials. Preliminary resultsveaindeed shown that administration
of both cortisol and propranolol can diminish PT&m anxiety symptoms. Namely,
peri-operative cortisol administration reduced PTSPnptoms at 6 months after
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Chapter 6

cardiac surgery (Schelling, Kilger, et al. 20044 aepeated cortisol administration
was found to reduce symptoms of re-experiencing iatehsity of the traumatic

memories in PTSD patients (Aerni et al. 2004) alsb do reduce phobic fears
(Soravia et al. 2006). Propranolol administeredhiwitiours of a traumatic experience
was found to reduce subsequent physiologic respgntlh traumatic memories

(Pitman et al., 2002) and development of PTSD spmpt (Vaiva et al., 2003).

Although these studies show clinically relevaneet$ of cortisol and propranolol, the
mechanisms through which these substances woskiinenclear.

During reactivation two different memory routes kcbbe affected that are not
mutually exclusive, 1) declarative memory traceghhibe weakened and 2) the
physiologically arousing components of emotionalmmees might be attenuated.
While the first route is thought to be mostly meed by the hippocampus and
prefrontal cortex, the amygdala is thought to bgagied in the emotional reactions to
memories, but these systems are highly interlinfeed. Greenberg et al., 2005).
Therefore it is also of interest to know whethersi routes can be affected separately.
In order to test the first possibility, we previbusstudied the immediate and
prolonged effects of both cortisol and proprancdmiministration on declarative
memory retrieval. We found that declarative menaay be impaired long-term when
memories are reactivated during high levels ofsst(@ollenaar et al., 2008b / Chapter
3) or after cortisol administration (Tollenaar &t 2009 / Chapter 4), in line with
animal research (Cai et al., 2006; Maroun & Akird@07). In contrast, we did not
find any immediate or long-term effects of propr@h@n declarative memory after
reactivation (Tollenaar et al., 2009 / Chapterwhich is consistent with findings by
de Quervain et al. (2007).

In line with the idea that the physiologically astmug components of
emotional memories can be attenuated, a receny diydBrunet and colleagues
(2008) has shown that post-retrieval propranololmiadstration diminished
physiological responses to script-driven imagerytraiumatic memories in PTSD
patients. These results might indicate that prapadns more effective in attenuating
emotional components of memories than reducingadaitve memory. Het and Wolf
(2007) found that cortisol administration in hegltyoung women led to reduced
negative mood after a psychosocial stress tasky $hggest that this effect might be
mediated by a slight impairment in retrieving thustjexperienced negative stress
episode and/or from a reduced retrieval of previoegative episodes related to the
stressor. This finding indicates that cortisol agistration might affect the emotional
experience of negative events and thus possiblyailaegative memories.

To investigate whether the physiologically reduceftects of propranolol in
PTSD patients can also be found in a healthy hupwpulation, and to examine
whether cortisol has similar properties of attemgathe physiological components of
emotional memories, we have conducted the presedy.sin the present study we
investigated the immediate and prolonged effectdath cortisol and propranolol
administration on physiological responding to sedpven imagery of negative,
disturbing memories in healthy young men after tteaton of these memories, as
well as on subjectively experienced emotions teehmemories. We expected both
propranolol and cortisol to influence post-retriepaocesses leading to diminished
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Psychophysiological Responding to Emotional Memories

physiological responding to the emotional scriptamparison to a neutral story one
week after treatment.

M ethods

Participants

Eighty-five Dutch male students were recruited tigto advertisements at colleges
and the University of Leiden as part of a largerdgton memory for which results
will be presented elsewhere (Tollenaar et al., 2008apter 4; Oei et alsubmitted).
Only men were selected because of possible confogreffects of menstrual cycle
and contraceptive pills on the relation of cortiswid propranolol treatment with
memory (Cahill & van Stegeren, 2003; Kuhlmann & W@0O05). Participants were
screened before inclusion. Inclusion criteria were:reported history of disease or
psychiatric problems, no current use of prescrimedication including corticosteroid
containing ointments, no chronic disease requiringdical attention including
diabetes, allergies and asthma, no use of psyghotmrugs, no alcohol abuse,
smoking less than 10 cigarettes per day, age batd®end 35 years, an estimated
Body Mass Index (BMI) between 19 and 26 and bloossgure levels over 100/70
mmHg. Before participation, written informed consemas obtained and after
participation participants were rewarded with eitlceurse credits or a monetary
compensation (40 Euros). The study protocol wasomaa by the Medical Ethics
Committee of the Leiden University Medical Centre.

To minimize influences on baseline cortisol levelsarticipants were
instructed to refrain from drinking any sweet offemated drinks and eating heavy
meals on the morning of the second (treatment)i@es&urthermore, they were
instructed not to eat or drink anything but waserd not to smoke an hour before the
second session would start.

Of the 85 recruited participants, 2 men were exatudfter the first session
due to low blood pressure. Two participants weréluking one of the sessions and
one person dropped out after the first sessione¥¢tided one more participant due
to a fire alarm on the second session during tregery task. Hence, 79 participants
completed the study. Participants were randomlyigaed to one of three
experimental groups in a double blind between subjeesign (placebdy = 26,
cortisol:N = 26, propranololN = 27). Dependent on group, 35 mg hydrocortisone, 80
mg fast acting propranolol or a placebo was adr@res orally, in identical capsules.
Table 6.1 shows the demographic variables of thdicgmants per group. No
differences between groups were found for BMI, atxi(STAI-trait) and general
psychopathology (Symptoms Checklist, SCL-90). Ages wignificantly higher in the
cortisol group compared to the placebo grawp2) = 2.38,p < .05), due to the fact
that the two oldest participants (aged 30 and 22syevere randomly assigned to the
cortisol group. Depression scores on the Beck Bspra Inventory (BDI-1I) were
marginally higher in the control group comparedbédh the cortisolt(44) = 1.74p =
.09) and propranolol group(0) = 1.89p = .07).
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Chapter 6

Table 6.1. Demographic variables (Mean + SD) per treatment group.

Placebo Cortisol Propranolol

(N = 26) (N = 26) (N=27)
Age 19.54 (1.39)  21.35(3.61f 20.74 (2.21)
BMI 22.13 (2.38) 22.40 (1.98 21.90 (2.31
Depression (BDI-II) 6.54 (4.463 4.69 (3.04§) 4.46 (3.41§)

Anxiety (STAI trait) 33.81(9.26)  33.73(9.08) 31.56 (6.89)
Psychopathology (SCL 28.50 (25.26) 28.73 (23.23) 27.81 (19.88)
90)

Notes: BMI = Body Mass Index; BDI-II = Beck Depression Inventory II; SCL-90 = Symptom Checklist-90;

a

Significant difference in age between the placebo and cortisol group (p < .05); ~ Marginally significant
difference in depression scores between the placebo group and the cortisol and propranolol group (p <
.10)

Psycho-physiological measures

Saliva samples were obtained using Salivettes t&HrsGermany) to measure
unbound cortisol and alpha-amylase levels. Alphgtase has been shown to be an
estimate of adrenergic activity (Nater et al., 208®hleder et al., 2004) and is
sensitive to beta-blockage by propranolol (van &texg et al., 2005). Saliva samples
were stored at -20°C prior to analyses. The sadamples were analyzed by the
Kirschbaum lab, Technical University of Dresdene($®ohleder et al., 2006). One
person (from the propranolol group) had a missaltya sample and 3 people (1 from
each group) had a missing alpha-amylase sampleeTparticipants were left out of
the RM-ANOVAs with cortisol or alpha-amylase asaatbr.

Heart rate and blood pressure were measured withutsmatic upper arm
blood pressure monitor (OMRON, M6) once befare=(0) and 3 times after pill
ingestion (at = 75, 110 and 135) to further asses adrenergictifuring. In addition
to each physiological recording, participants weieen a questionnaire with 7
questions on the intensity of subjective experisngktension, anxiety, insecurity,
irritation, motivation, mood and tiredness. Answesesre given on Visual Analogue
Scales (VAS) of 100 mm in length, leading to a echbom 0 (not at all) to 100
(extremely) on each scale.

During the script-driven imagery procedures, heate and skin conductance
level (SCL) were continuously measured at 50Hz qusirstimulus presentation and
physiological analyses software package developethd University of Amsterdam
(VSRRP98, http://www.test.uva.nl/ozi_psychologyerdphp?Page=Software). Heart
rate was measured with a finger plethysmographhennobn-dominant ring finger.
SCL was measured with two 1 cm? electrodes attathékde middle phalanx of the
index and middle finger of the same hand. SCL tflatbns (SCLfluc) were
calculated in Matlab (R2007a) by peak detectiorthanfirst derivative of the SCLs
after a 2nd order forward / backward 1Hz low passrf Because statistical analyses
on the SCLfluc responses showed similar patteri®Cb responses we will not report
the SCLflucs in the results section. For 9 partiolg, heart rate was not measured on
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Psychophysiological Responding to Emotional Memories

one or more time points due to technical failuragpbo:N = 5, cortisol:N = 4).
These participants were left out of the RM-ANOVA&hwheart rate responding as a
factor.

Questionnaires

The BDI-Il (Beck et al., 1996; van der Does, 2002)s administered to assess
depressive feelings in the past 2 weeks, a Dutcisiore of the STAI-trait
(Spielberger, 1983) to measure the level of gerzedlanxiety and the SCL-90
(Arrindell & Ettema, 1986) to assess psychologi@imptoms and general
psychopathology during the last week.

A questionnaire about the personal script consistegliestions on emotional
arousal, valence, re-experiencing, fear, angeness] importance and how often one
had thought about the event. All were measured-paifft Likert scales, ranging from
1 (very low) to 7 (very high).

Procedure

Participants came to a lab at the Faculty of Scaal Behavioral Sciences in Leiden
for 3 sessions. The interval between each sessasnlwveek (see Figure 6.1 for an
overview of the test sessions).

In the first session screening measurements ofdbfmessure and heart rate
were taken with the OMRON after 3 rest periods omih, as well as a baseline
measure of heart rate and SCL during a 4 min coatis measurement period.
During this first session, a personalized scrips \weepared in 15 min (according to
methodology of: Bremner et al., 1999; Pitman et¥387). Participants were asked
to write down a negative disturbing event thatl stiggered emotional feelings of
anxiety, anger or fear on a script preparation famnthe present tense. Participants
also filled in a short questionnaire on the intgnsif emotions the memory evoked.
After that session, before session 2, the expetenereviewed the writing and
composed and recorded a script approximately 1 miength for later audio
playback.

Session 1 Session 2 Session 3
Script Imagery Imagery
Writing after
Treatment Follow-up
[ | | // |
I I I " I
Time: 0 1 week 2 weeks 8 months
Questionnaire: | | | # |

Physiological
Responding:

Figure 6.1. Schematic overview of the test sessions.
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At the start of the second session, baseline meamnts of heart rate and blood
pressure were assessed and baseline saliva sashde®ed. Participant then ingested
a capsule containing placebo, 35 mg hydrocortiswr&) mg propranolol. During the
next 75 min, participants completed several compodsed questionnaires and were
instructed to remain in the lab and read (readiragenl was provided). At = 75
mins after ingestion, participants heart rate alwbd pressure were again assessed
and saliva measurements obtained. At approximatel90 the script-driven imagery
task took place. After a baseline period of 60 seatral script, which was similar for
all participants, was played with the VSRRP sofavprogram while physiological
reactions were measured. Then, for 60 s particspaetre instructed to imagine the
story they had heard. After another baseline peoio@0 s, their personal script was
played, followed by a 60 s period in which they hadmagine reliving the event.
After the imagery task, participant filled in theetionality questionnaire again. The
neutral story was always followed by the persorabpsto prevent emotions elicited
by the personal scripts from persisting into thatred story. In the third session, the
same procedures regarding the imagery tasks weeated, also followed by the
emotionality questionnaire. In an 8 month follow4efephone interview, participants
were asked once more to rate the intensity of thetiens related to their personal
memory.

Data analysis

The effects of the treatment (placebo vs cortisgiropranolol) on physiological and
subjective measures were analyzed using repeatedunmge (RM-) ANOVAS with
time as within subject and group as between sulfigetbrs. Log transformed values
were used for cortisol and alpha amylase valueactmunt for non-normality. The
change in subjective emotionality of the story otnere was analyzed using an RM-
MANOVA with group as between subject factor and dirfsession 1, session 2,
session 3, and 8 months follow-up) as within subjactor. For the analyses of the
physiological responding to the script-driven imagenean SCL and heart rate were
calculated for 60 s periods by averaging measurtgsv@r8 consecutive 20 s periods.
Reactions to the neutral and personal script waleutated by subtracting the 1 min
listening and 1 min imagery periods from the 1 rbiaseline period before the
respective story. This resulted in 2 neutral chasgeres and 2 emotional script
change scores on both sessions 2 and 3 for eacip.gfbhese change scores were
square-root transformed prior to analyses. We agpgRM-ANOVAs with group as
between subject factor and session (session 2egsion 3), emotion (neutral vs.
personal script) and part (listening vs. imaginigg) within subject factors. In a
multivariate RM-analysis we included heart rate &@l. change scores as dependent
variables. Then separate RM-ANOVAs were calculdtedeach dependent change
score separately. Greenhouse-Geisser corrgotatiies were used when indicated by
violated Sphericity. Analyses were performed withSS 14.0 (SPSS, Chicago, IL).
The criterion for statistical significance was: 0.05.
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Results

Treatment effects

Cortisol administration induced the expected inseeia free saliva cortisol levels, as
indicated by a significant time by group interantioetween the cortisol and placebo
groups F(2, 112) = 345.96p < .001, see Table 6.2). Cortisol did not affegthat
amylase levels, heart rate and systolic (SBP) astdiic (DBP) blood pressure
(respectivelyF(2, 93) = 2.34p = .10;F(2, 87) = 1.86p = .71; F(2, 113) = 0.56p =
59;F(2, 114) = 1.71p = .18), see also Figure 6.2a-d.

Propranolol lowered adrenergic activation as exgmkdandicated by significant
time by group interactions between the propranaludl placebo group for alpha-
amylase, heart rate and systolic blood pressuspdntively:F(2, 111) = 3.88p <
.02;F(2, 101) = 16.25p < .001; F(2, 101) = 10.76p < .001). All measures declined
stronger over time in the propranolol group comg@are the placebo group (see
Figures 6.2a-d). The general decline in adrenagiwation in all groups fromh= 0
tot = 75 might be due to the 75 min restful waitingiper Although diastolic blood
pressure also showed a time by group interactg?, (125) = 4.15p < .02), post hoc
t-test revealed no significantly lower diastoliobt pressure at any of the time points
(all ps > .09). Propranolol also slightly increased fresiva cortisol over time
compared to the control group(@, 94) = 12.74p < .001, see Tollenaar et al., 2009 /
Chapter 4).

No effects of treatment over time were found onjettive feelings of tension,
anxiety, insecurity, irritation, motivation, mooad tiredness (alps >.39). We did
find an interaction effect of group with time onxéaty, although not significant(5,
186) = 2.21p = .06), suggesting that the propranolol group regablower anxious
feelings over time compared to the control groupwklver, post hoc t-tests revealed
no significantly lower anxious feelings at any bé&ttime points in the propranolol
group versus the control group (p8 > .11). Furthermore, all treatments were well
tolerated and participants were not aware whichtitnent they received (Pearsgn
(6) =5.71p = .46).

Table 6.2. Free salivary cortisol in nmol/L (+ SEM) in each treatment group.

Group Time

t=0 t=75 t=110 t=135
Placebo 9.11 (0.96)  5.00 (0.45) 4.34 (0.39) 4.58 (0.44)
Cortisol 7.47 (0.71) 206.61 (17.53) 134.79(9.01} 99.37 (5.55§
Propranolol | 8.01 (0.47)  6.38 (0.78) 8.29 (1.0sf  9.67 (1.27)

a_. . . . . .
Notes:  Significant increase in cortisol levels in the cortisol group versus the placebo group (p <.001);
Significant increase in cortisol levels in the propranolol group versus the placebo group (p < .001).
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Figure 6.2. Physiological measures (Mean + SEM) of adrenergic activation on session 2, before
treatment (t = 0) and after treatment (t = 75, 110 and 135 min). a) Alpha-amylase. b) Heart rate. c)
Systolic blood pressure. d) Diastolic blood pressure.

Notes: U/L = Units per Liter; bpm = beats per minute; mmHg = millimeter of Mercury; * = significant
difference in the propranolol versus the placebo group (p < .01); = significant difference in the
propranolol versus the placebo group (p < .05).
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Baseline values

In the first session a baseline period was meastoedeart rate and SCL. No
differences were found between the groups (MANOWA6, 148) = 0.67p = .61,
separateps > .34, see Table 6.3). The groups also did ndedidbn any of the
emotionality ratings that were given to their p@aoscript on the first session
(MANOVA: F(16, 140) = 0.47p = .96; all separates > .16, see Table 6.3).

Emotional ratings over time

To study the change over time in the subjective temality ratings related to the
personal script, we performed a RM-MANOVA with tin{session 1, session 2,
session 3, and follow-up) as within subject faetod group as between subject factor.
Follow-up was completed by 74 participants. TheraNeMANOVA revealed no
significant group by time interaction§(@2, 1272) = 0.72p = .91), but significant
declines over timeR(21, 627) = 5.43p < .001), reflected in significant Univariate
ANOVA tests for all measures (gds < .001, except for Fegr< .02). The decline in
subjective emotional appraisals was already sicpnifi at session threg(L4, 302) =
3.90,p < .001).

Table 6.3. Mean (x SD) physiological and subjective baseline values on session 1 for the three

treatment groups.

Baseline value Groug
(Session 1)

Placebo Cortisol Propranolol
Heart rate (bpm) | 65.85(8.27) 64.33(8.61) 65.17 (9.54)
SCL S) 16.91 (5.54) 18.42 (6.16) 16.18 (6.13)
Arousal 4.04 (1.54) 4.54(1.61) 4.33 (1.82)
Negative valence | 4.81 (1.47) 4.96 (1.56) 5.15 (1.32)
Re-experiencing | 4.19 (1.47) 4.31(1.35) 4.26 (1.38)
Fear 2.54 (1.27) 2.81(1.58) 2.85 (1.46)
Anger 2.77 (1.68) 3.42 (1.65) 3.37 (1.84)
Sadness 3.77 (1.77)  4.08 (1.85) 4.41 (1.62)
Importance 3.65(1.92) 4.27 (1.89) 4.63 (1.74)
Thought about 4.19 (1.55) 4.54 (1.68) 4.56 (1.34)

Notes: SCL = Skin Conductance Level; bpm = beats per minute; yS = microSiemens; on the subjective

. . . . . . a
emotionality ratings, minimum scores were 1 (very low) and maximum scores were 7 (very high);  No
effects of group on any of the baseline measures were found (all ps > .16).
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Physiological responsesto the scripts

Figure 6.3 shows the raw heart rate and SCL reggots both the neutral and
personal emotional script in the three groups. &eery session responses were
divided into the listening and imagery responsd® multivariate RM-MANOVA on
heart rate and SCL showed a main effect of emd#@B, 66) = 24.38p < .001), a
main effect of dayK(2, 66) = 4.84p < .02), a main effect of parE(2, 66) = 36.36p
<.001) and a day by emotion interactiéi{d, 66) = 5.08p < .01), as well as a part
by day £(2, 66) = 3.52p < .05) and a part by emotion interactiéi{q, 66) = 5.64p

< .01). No main or interaction effects of group &dound (allps > .10), thus not
revealing the expected emotion by group or dayrbgten by group interactions.

B - placebo

[] = cortisol = propranolol

Heart rate response (bpm)

Heart rate response (bpm)

Listening ‘ Imagery Listening ‘ Imagery

Emotional

Neutral

Session 2 (after treatment)

SCLresponse  (uS)

Listening ‘ Imagery

Neutral

Listening Imagery

Emotional

Session 3 (+ 1 week)

SCL response (uS)

Listening ‘ Imagery

Listening Imagery

Neutral Emotional

Session 2 (after treatment)

Listening

Listening ‘ Imagery

Imagery
Emotional

Neutral

Session 3 (+ 1 week)

Figure 6.3. Heart rate (a/b) and SCL (c / d) responses to both the neutral story and personal emotional

script in the three groups on both session 2 (after treatment - left) and session 3 (1 week later - right).

Responses were divided in listening and imagery responses.
Abbreviations: bpm = beats per minute; uS = microSiemens.
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The separate RM-ANOVA for SCL responses revealedstme main and interaction
effects as in the RM-MANOVA (day$:(1, 76) = 8.99p < .01; emotionf(1, 76) =
53.01,p < .001; partF(1, 76) = 92.95p < .001; day by emotiorF(1, 76) = 7.56p <
.01), part by day K(1, 76) = 9.43p < .01) and part by emotion interactib(i, 76) =
18.46,p < .001). Overall, the emotional script seemedlimtdigher SCL responses
than the neutral story, and on the third sessiepareses were smaller than on the
second session. To examine the day by emotionactien, we split the analyses by
emotion. It was revealed that there was no daycefte the neutral storyH(1, 76) =
0.033,p = .86), but a significant day effect for the ernaal script F(1, 76) = 13.98,

p < .001), with lower SCLs to the emotional script the third session compared to
the second session (see also Figure 6.3c and dheFfmore, overall responses to the
listening part were higher than to the imagery .paot examine the part by day and
the part by emotion interactions, we split the gea$ by part. During both the
listening and imagining part, the main emotion @ff@as present, although slightly
stronger during listening than imagery (respecyivgl, 76) = 75.04p < .001 and
F(1, 76) = 31.90p < .001). The day by emotion interaction was alssent for both
parts, but the main effect for day was only pregenthe imagery partR(1, 76) =
23.30,p < .001; listening part=(1, 76) = 1.22p = .27), reflecting a greater decrease
in physiological response over time for imagery.

For heart rate responses we found no effects gf efaption or part (alps >
.24) as in the RM-MANOVA, but we did find a sigruéint part by emotion by group
interaction F(2, 67) = 3.16p < .05) and a trend for a part by day by groupradton
(F(2, 67) = 2.54p = .09). When breaking the analyses up in therliaggand imagery
part, we found a marginally significant emotioneetf only during imageryH(1, 75)
= 3.64,p = .06), with higher heart rate change scoresHerrteutral compared to the
emotional story (see Figure 6.3a and b). Furtheemduring imagery we found a
trend for a day by group interactioR(R, 75) = 2.84p = .07), revealing that the
propranolol group showed higher heart rate respomse session 3 compared to
session 2K(1, 26) = 6.98p < .02), while this affect was not present in tloatcol
and cortisol groupsé > .80).

Because differences between groups in age and &és were (borderline)
significant, we entered them as covariates in thava analyses. Still none of the
expected group effects revealed significance galb .29), and the day by group
interaction during the imagery part remained bdndersignificant for heart ratd=(2,
72) =3.01p =.06).

Discussion

The present study examined the immediate and pyetbeffects of both cortisol and
propranolol administration on physiological respEsgo script-driven imagery of
negative, disturbing memories in healthy young nadter reactivation of these
memories. No diminishing effect of either proprasobr cortisol on psycho-
physiological responding to the script driven imggef emotional memories was
found. The subjective emotional experience of themmries was not affected by
cortisol or propranolol either. Even though promial was found to attenuate
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physiological responding (heart rate and SCL) &urimatic scripts in PTSD patients
(Brunet et al., 2008), we did not find such effettisnegative emotional scripts in
healthy young men. These results also contrastitdeng by Het and Wolf (2007)

that cortisol can affect the emotional experient@eapative events and the finding
that cortisol can reduce the intensity of traumatiemories (Aerni et al., 2004).
However, methodological differences between thasdiess and our study might have
caused these conflicting findings, as we will dsscbelow.

While our hypotheses regarding cortisol and propi@nwvere not confirmed,
we were able to evoke physiological responses tsopal emotional scripts in a
healthy male population. That is, the emotionaipssied to significantly higher SCL
responses than a neutral story, although not tosagnificant increases in heart rate.
Heart rate even seemed to be lower during imageityeoemotional script than during
the neutral script. This is in line with previougsearch showing heart rate
decelerations during attention to emotional (augl)tcstimuli in healthy humans
(Bradley & Lang, 2000; Palomba et al., 1997; vaeg8ten et al., 2002). Within the
propranolol group heart rate responses to the alearid emotional script were higher
one week after treatment than during treatments Tprobably due to the fact that
propranolol administration on the second sessioveted heart rate and adrenergic
functioning overall, and might thus have led to éovheart rate responses in the
second session. Therefore, these sessions canrmintygared validly. Overall, the
SCL responses were higher when participants listeioetheir script than when
imagining the script, and responses to imagingedesad more over time. This might
be important for future studies using script-driveragery tasks to take into account,
since the two processes could be differently adigdtty drug treatment.

Furthermore, the subjective emotional and aroussgpanses to the memories
decreased steadily over time, from session 1 tei@es3 and 8 months later, and
likewise the SCL responses to the emotional scdptseased from the second to the
third session. However, while physiological reagsioto the emotional memories
might have diminished over time, participants miglsb have been less surprised the
second time they heard their story (on the thiss®m). That is, even though subjects
knew their memory would be part of the study, om slkecond session they were not
aware they would hear an audio version of it.

There might be several reasons why cortisol angraprmlol did not attenuate
physiological responses to script-driven imagerynedative, disturbing memories in
healthy young men after reactivation of these m&soFirst of all, heart rate was not
heightened in response to the emotional scriphéhpglacebo group on either of the
two sessions, and SCLs were not heightened in nsgpm emotional imagery in the
placebo group on the last session. Therefore,sobréind propranolol could only act
on SCL responses during the second (treatmentipsessd on SCL responses to the
listening part during the third session, on whick expected the reconsolidation
effects. The negative disturbing events that thengo healthy males in our studies
had described were probably much less intense tilaamatic memories in PTSD
populations and hence attenuation of physiologiesponding might not have been
possible due to floor effects. However, we didiekonsistent SCL responses during
listening to the emotional scripts and these negamemories were described as
overall important and were thought about more oftem other memories. This might
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lead to consideration of a second possibility, Ngntleat the dose was too low to
affect the physiological responding. In the studigBrunet et al. (2008) and Pitman
et al. (2002) multiple doses or longer-acting pamiol were used. These studies
involved patient groups that are characterized igh blood pressure and heart rate
levels overall, and therefore larger doses of @oplol might be needed to reduce
physiological responding. However, reconsolidatmhemotional memories could
possibly take longer than a few hours, and longén@ doses might therefore be
needed to affect these reconsolidation processesis@ on the other hand, was
given in lower doses in the clinical studies by heet al. (2004) and Schelling,
Kilger, et al. (2004), but the doses were giverydastead of once, leading to active
cortisol during potentially multiple memory reactions. While in the present study
the dose may have been too low or short-actingotaio reductions in physiological
arousal in response to personalized scripts, isdn@e population as the present study
we did find long-term impairing effects of the 35mogrtisol dose on declarative
memory retrieval (Tollenaar et al., 2009 / ChagterTaken together, this might lead
to the possibility that cortisol only affects deelwve memory retrieval and not the
physiologically arousing components of the mem&wgrhaps longer-acting doses or
more frequent administration of cortisol and proylal might lead to attenuating
physiological responding in a healthy populationad.

Our study differed in several aspects to the sindyTSD patients by Brunet
et al. (2008). As mentioned, different and longetirey doses of propranolol were
used than in our study. Furthermore, in the stughBhunet et al., propranolol was
given after the script preparation procedure thas wsed to reactivate the event. In
our study, the script was prepared a week befoug ddministration and only the
listening to, and imagining of, the memory, whiasted 2 minutes, was used to
reactivate the memory under the influence of thegsdr This might have been a
suboptimal reactivation procedure to affect recbdation. In addition, reactivation
of the memory a week before treatment might hawvampted extinction of, or
habituation to, the memory. Hence, it cannot beedubut that the reactivation
procedure was not optimal to find immediate or pnged effects of cortisol or
propranolol on physiological responding.

Another issue that merits consideration is the rignof the drugs. In the
present study we administered cortisol and propohh@fore reactivation. This way
both retrieval and post-retrieval processes ar@iwithe active time window of the
drugs. In animal research these substances aryugivan after reactivation to only
affect post-retrieval processes. In the study bynBt et al. (2008) a similar post-
reactivation approach was taken, although in theical trials mentioned in the
introduction (Aerni et al., 2004; Pitman et al.02Q Soravia et al., 2006; Vaiva et al.,
2003), cortisol and propranolol were administeradrdy a longer time span or before
retrieval as well. The fact that in this study dswgere active during both retrieval and
post-retrieval processes could potentially explaim non-results with regard to the
prolonged effects of cortisol and propranolol. Tisatif memory retrieval is reduced
by cortisol or propranolol, the emotional memoriesght not be sufficiently
reactivated and hence reconsolidation processekl qmssibly not be blocked.
However, psychophysiological responding under thftueénce of cortisol did not
seem to be affected, indicating the emotional mesavere adequately reactivated at
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the time of the treatment. Propranolol, on the iothend, did lower heart rate
responses during treatment, which may have redubed possibility to affect
reconsolidation processes.

A last factor to take into account is that we stddonly males. Females might
be more reactive to imagery of emotional memoriesiore sensitive to the effects of
cortisol and propranolol, although in the clinicstudies no gender effects are
reported. Het and Wolf (2007) did find attenuatieffects of cortisol on the
experience of a negative emotional event in healtbynen while we did not find
such effects on negative emotional memories in raeggesting gender may indeed
play an important role. Our negative findings omtisol and propranolol could also
be due to power problems. However, our group stespare well to the clinical
studies, and as reported above before we did fimdngairing effect of cortisol on
declarative memory retrieval in the same population

We were not able to find an attenuating effect aitisol on physiological
responding to memories in healthy men, but whetbertisol can attenuate
physiological responding in PTSD remains unknowoteRtially the attenuating
effects of cortisol are only present in individudlat are hyper aroused. Future studies
using cortisol or propranolol in healthy populagsooould use different or longer-
acting doses, more frequent administration or dgfietiming protocols with regard to
reactivation of the memories. Future studies calfb investigate more elaborate
reactivation paradigms or consider vulnerable pajpors to elicit higher emotional
responses to the memories. In addition, both natdsfemales should be included in
future investigations. Conditioning paradigms woaldo be a good way to measure
and replicate animal studies on post-retrieval @gees. At this point there are only
preliminary data available, showing reducing eleat propranolol on a conditioned
fear response in healthy subjects when administdteihg reactivation of the fear
memory (Miller et al., 2004).

To conclude, the present study was able to megwsological responding
to script-driven imagery of emotional memories @vo tconsecutive occasions in
healthy young men, reflected in heightened SCL aesps and lowered heart rate
responses. Furthermore, we measured the subjestinggional responses to these
memories over a long time span of 8 months. Redingtin emotional appraisal of the
memories were shown within 3 weeks and even furtipeto 8 months. We did not
find any immediate or prolonged effects of eithertisol or propranolol on these
physiological and subjective measures. We mightclcole that the effect of
propranolol on physiological responses to emotignamories is specific to clinical
groups characterized by hyper responsiveness,HIkBD, although differences in
study designs might partly explain these diverdemtings. Furthermore, the effects
of cortisol on physiological responses to emotions@mories in clinical groups
should still be explored, in addition to its effect declarative memory retrieval. More
knowledge on the mechanisms behind propranololcamtisol in treating disorders
like PTSD and phobias might lead to more efficientl safe use of these drugs (for
discussions see Glannon, 2006; van Stegeren, 2005).
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