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Chapter 4

Summary

While acute cortisol administration has been fotmdmpair retrieval of emotional
memories in healthy subjects, the duration of thiemory impairment is still
unknown. Propranolol, on the other hand, may imphe reconsolidation of
emotional memories during reactivation, althoughmbho studies examining such
effects are scarce. The present investigation haefore undertaken to examine the
immediate and prolonged effects of a single adreresl dose of cortisol or
propranolol on memory retrieval in a double-blindgebo controlled design. Eighty-
five healthy male participants were asked to regrigreviously learned emotional and
neutral information after ingestion of 35 mg catjs80 mg propranolol or placebo.
After a washout period of one week, recall was mgasted. Memory retrieval of
neutral and emotional information was impaired Isyrayle dose of cortisol compared
to placebo. The memory impairment due to cortieohained, even after a washout
period of 1 week. No immediate or prolonged effeatspropranolol on memory
retrieval were found, despite significant reducsian sympathetic arousal. These
results lend support to the hypothesis that cdris@able to attenuate (emotional)
memory recall in men over longer time spans and nieyefore augment the
treatment of disorders like post-traumatic stres®rder and phobias, but do not
clarify the mechanism(s) through which propranebatrts its therapeutic effects.
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Effects of Cortisol and Propranolol on Memory Retrieval

I ntroduction

Stress hormones like (nor)adrenaline (NA) and softhave since long been found to
influence memory processes (Cahill et al., 1994pié & McEwen, 1997; Wolf,
2008). Brain areas that are thought to mediate menpyocesses, like the
hippocampus, the prefrontal cortex and for emotionamory, the amygdala, are
highly occupied with both adrenergic and glucocwmiti receptors (de Kloet et al.,
1998; Ramos & Arnsten, 2007). Cortisol is releabgdhe adrenal cortex and can
cross the blood-brain barrier (BBB) while NA iseased both peripherally by the
adrenal medulla and within the brain as a neuretraiter (van Stegeren, et al., 2007;
Wolf, 2008). The interaction between memory proessand stress hormones has
been an area of interest in the last two decadahkil{Gt al., 2003; de Kloet et al.,
1999; Joels et al., 2006; Lupien & Lepage, 2001]f\'2008).

It has been found that the effects of human sthessiones on memory are
dependent on the memory stage that is studied @daal, 2002). Encoding and
consolidation phases of memory in humans are fdonbe enhanced by increased
cortisol and NA levels (Andreano & Cahill, 2006; dhanan & Lovallo, 2001; Cahill
& Alkire, 2003; O'Carroll et al., 1999) and impairby beta-adrenergic blockers like
propranolol that cross the BBB (Cahill et al., 19%n Stegeren et al.,, 1998).
Retrieval, on the other hand, is found to be ingzhioy increased cortisol levels (de
Quervain et al., 2000; Het, Ramlow & Wolf, 2005urthermore, this impairment
seems to be dependent on the activity of the adyensystem (Kuhlmann & Wolf,
2006b; Roozendaal, Hahn et al., 2004; Tollenaat.eP008a / Chapter 2). There are
no reports of increased levels of NA leading to amment in memory retrieval in
humans (see Chamberlain et al.,, 2006, for an oserwf studies on NA and
memory). A single human study, whereby NA levelsevmanipulated by blockade
with propranolol (40 mg) and memory retrieval wasasured, has been reported and
did not find an effect on memory retrieval (de Quaém et al., 2007). More detailed
studies investigating the effects of different dosépropranolol on memory retrieval
are needed to clarify this relation.

Recent animal studies have suggested that wheroresnare retrieved, they
are consolidated again after a labile period duwhgh the reactivated memories are
prone to change. This process is often referredstoeconsolidation (Debiec et al.,
2006; Nader et al., 2000; Przybyslawski & Sara,7)9®ost-retrieval administration
of propranolol has been found to disrupt spatiammey and inhibitory avoidance
learning in rodents (Przybyslawski et al., 1998)weell as auditory fear conditioning
(Debiec & Ledoux, 2004), and both findings haverbexplained in terms of impaired
reconsolidation processes. Tronel and Alberini {20Bave recently shown that
reconsolidation might also be dependent on theogloticoid system, as they found
that a glucocorticoid receptor antagonist can giswonditioned fear in rats after
reactivation of an inhibitory avoidance memorylifre with that, Maroun and Akirav
(2007) have found an impairing effect of stress@ronsolidation in rats, which was
reversed by a glucocorticoid receptor antagonistwvéler, cortisol may also impair
memory after reactivation by enhancing extinctioather than reducing
reconsolidation (Abrari et al., 2008; Cai et ab08). In the present study we will
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Chapter 4

therefore merely refer to reconsolidation as thetjetrieval stage during which
memories might be prone to change.

While reconsolidation of fear related memories mast often been studied in
animals, human declarative memories may also bedafrike during reactivation
(Hupbach et al., 2007; Walker et al., 2003). Hurstardies on reconsolidation and the
effects of cortisol and NA on this process are szain a previously reported study,
we examined the effects of elevated stress hormoneggsost-retrieval processes in
humans (Tollenaar et al., 2008b / Chapter 3).re vith animal studies (Maroun &
Akirav, 2007), a post-retrieval decline in memomriprmance was observed when
memories were reactivated during stress (5 wedks afcoding). However, whether
cortisol or other stress hormones were active ia pinocess remains unclear. The
effect of blocking adrenergic activity during memaeactivation has recently been
studied in humans by Miller et al. (2004) and Bitueé al. (2008). Miller and
colleagues reported that fear conditioning was eceduvhen a conditioned cue was
reactivated and followed by NA beta-blockade. Imliadn, Brunet and colleagues
found that post-retrieval propranolol reduced psyphysiological responding to
mental imagery of a past traumatic event in paairtratic stress disorder (PTSD).
However, the effects of propranolol on human detiae memory reconsolidation
still remain to be elucidated.

Knowledge on the impact of (stress) hormones amarumemory retrieval
and reconsolidation is of therapeutic interest,cesimeducing the recall and/or
experience of (intrusive) emotional memories midig of use in augmenting
treatments for stress-related disorders like PTS&veral studies have examined the
utility of cortisol and a beta-adrenergic block@rapranolol) in the treatment of
PTSD. These studies have shown promising resulih weductions in re-
experiencing and chronic stress symptoms afterscbrdministration (Aerni, et al.,
2004; Weis, et al., 2006) and reduced physiologrealctivity after propranolol
treatment (Brunet et al., 2008; Pitman, et al.,200aiva, et al., 2003). Phobic fears
and mood responses to stress also seem to be debyo®rtisol administration (Het
& Wolf, 2007; Soravia, et al., 2006).

To gain more insight into the effects of cortisaldgpropranolol on memory
retrieval and reconsolidation, the present studyestigated the effects of 35 mg
hydrocortisone and 80 mg propranolol on memoryieest and post-retrieval
processes in healthy young men. By testing memeiryeral both during elevated
cortisol or lowered NA levels and 1 week later éaftlearance of the drug), the
immediate treatment effects of cortisol and proplanon memory retrieval were
investigated, as well as whether these effects werlnged up to 1 week later. We
expected impairing effects of cortisol on memoryriezal, both immediate and
prolonged. We had no expectations on the immedséfiects of propranolol on
memory retrieval, but did expect an impairing effen reconsolidation, reflected in
retrieval impairments one week after treatment.
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Effects of Cortisol and Propranolol on Memory Retrieval

M ethods

Participants

Eighty-five Dutch male students were recruited tigto advertisements at colleges
and the University of Leiden. Only men were selécteecause of possible
confounding effects of menstrual cycle and conptiee pills on the relation of
cortisol and propranolol treatment with memory ({ak van Stegeren, 2003;
Kuhlmann & Wolf, 2005). Participants were screermore inclusion. Inclusion
criteria were: no reported history of disease gchmtric problems, no current use of
prescribed medication including corticosteroid eaming ointments, no chronic
disease requiring medical attention including diabgallergies and asthma, no use of
psychotropic drugs, alcohol intake under 20 glagsesweek, smoking less than 10
cigarettes per day, age between 18 and 35 yearsstanated Body Mass Index
(BMI) between 19 and 26 and blood pressure levekr A00/70 mmHg. Before
participation, written informed consent was obtdinand after participation
participants were rewarded with either course tsemli a monetary compensation (40
Euros). The study protocol was approved by the badtthics 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 exaludfter the first session
due to low blood pressure. Two participants wereuring one of the sessions and
one person dropped out after the first sessione¥¢tided one more participant due
to problems with his Dutch written language. Hent@,participants completed the
study. Participants were randomly assigned to drteree experimental groups in a
double blind between subjects design (placebo: 2N ,=cortisol: N = 26, propranolol:
N= 26). Dependent on group, 35 mg hydrocortiso@emg propranolol or a placebo
was administered orally, in identical capsules.

Table 4.1 shows the demographic variables of thiecg@ants per group. No
differences between groups were found for BMI, atxi(STAI-trait) and general
psychopathology (Symptoms Checklist, SCL-90). Ages wignificantly lower in the
placebo group compared to the cortisol groip2) = 2.42,p < .05) and depression
scores on the Beck Depression Inventory (BDI-Ilrevenarginally higher in the
control group compared to both the cortisit§) = 1.83,p = .07) and propranolol
group €(50) = 1.95p = .06).
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Table 4.1. Demographic variables (mean + SD).

Placeboll=27) Cortisol N=26) Propranolol N = 26)

Age 19.51 (1.37 21.35 (3.61) 20.62 (2.16)
BMI 22.07 (2.35) 22.40 (1.98 21.69 (2.07

Depression (BDI-ll)  6.59 (4.39) 4.69 (3.o4§“ 4.44 (3.48§“
Anxiety (STAI trait)y ~ 33.74 (9.08) 33.73 (9.08) 31.38 (6.97)

Psychopathology 28.19 (24.83) 28.73 (23.23) 28.00 (20.25)
(SCL-90)

Notes: BMI = Body Mass Index; BDI-II = Beck Depression Inventory Il; 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)

Memory and attention tasks

To measure memory retrieval a word task adaptech fBmeets et al. (2006) and
Hermans and De Houwer (1994) was employed. Thinpt®nal and 30 neutral
words were selected that were matched on familiarid word length. Fifteen words
from each category were used for the retrieval tasd the other words for a
recognition task. During encoding of the words I tfirst session, words were
randomly presented on a 17 inch computer screef $eiconds (word height: 13 mm,
distance to screen: 60 cm). After presentation agheword, participants rated the
word on two standardized, 5-point Likert scalesaopusal (emotionality) and valence
from the Self-Assessment Manikin (SAM: Bradley &nga 1994). A higher score on
the arousal scale indicates higher emotionality@mthe valence scale more negative
emotions. After presentation of the words, a ssgpmemory task was given in which
participants had to write down as many words ag toelld remember within 4 min
(free recall). Then the same words were presentecand time, but with the
deliberate instruction to remember as many wordsoasible. Words were presented
for 5 s with 2 s intervals in between. A free rédakt was again administered
afterwards. These two trials served as the encddarging trials. During the second
session, free recall of the words was again te@tedritten form) with a maximum
time of 4 min, followed by a cued recall task inigfhthe first letters of each word
were given and participants were asked to writerda& many words as they could
remember in 5 min. The third session consistedlasifree recall task, followed by a
recognition task in which the old words were mixgth (15 neutral and 15 negative)
new words and displayed on a computer screen.cReamits were required to make a
forced classification of words as old or new.

To obtain an estimate of verbal working memory tigit span forward and
backward from the WAIS were administered (WAIS, Q9WAIS-1II, 1997). Two
versions of each task were randomly varied betwikerfirst and second session. In
the forward condition, participants had to rec#iings of numbers ranging from 4 to
8 in length. In the backward condition, particimahad recall strings of numbers in a
backward fashion.
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Effects of Cortisol and Propranolol on Memory Retrieval

To get an estimate of attention, the Sustainednfitie to Response Task (SART)
was administered, measuring vigilance (Manly, Rtdmer, Galloway & Hawkins,
1999). In this task, digits between 1 and 9 wees@nted for 250 ms in one of five
randomly assigned font sizes with an inter-stimuhisrval of 900 ms. Participants
were asked to press a key (as fast as possibtesponse to the digits except for the
number 3. Misses and errors of commission were catlllie€alculate an overall error
score. Additional tasks were administered during $tudy that will be described in
future reports.

Physiological and subjective measures

Saliva samples were obtained using Salivettes {&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 samaples were analyzed by the
Kirschbaum lab, Technical University of Dresdere(R®hleder et al., 2006).

Heart rate and blood pressure were measured tgs adsenergic functioning
using an automatic upper arm blood pressure mo(@MRON, M6). In addition to
each physiological recording, participants weresgia questionnaire with 7 questions
on subjective experiences like anxiety, mood antivatoon. Answers were given on
Visual Analogue Scales (VAS) of 100 mm in leng#ading to a score from O to 100
on each scale.

Questionnaires

The BDI-1l (Beck, Steer, & Brown, 1996; van der Bp2002) was administered to
assess depressive feelings in the past 2 weeksjtéh ersion of the STAI-trait

(Spielberger, 1983) to measure the level of geizedlanxiety and the SCL-90
(Arrindell & Ettema, 1986) to assess psychologeahptoms and psychopathology
during the last week.

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 4.1a for an
overview of the 3 test sessions). On the firstisasscreening measurements of blood
pressure and heart rate were taken after 3 regidgeof 4 min. During this first
session, words were encoded for the retrieval tagk baseline working memory
performance was measured. At the start of the sksession, after a 4 min rest
period (given before each physiological measurendraseline measurements of
heart rate and blood pressure were assessed aalihbasaliva samples obtained.
Participant then ingested a capsule containingeplac35 mg hydrocortisone or 80
mg propranolol. During the next 75 min, particigebmpleted several computer
based questionnaires and were instructed to remathe lab and read (reading
material was provided). At= 75 min after ingestion, participants heart ieatd blood
pressure were again assessed and saliva measwseohéained. Memory was then
tested, including working memory. Physiology wasameed again at 110 min after
treatment after which an attention task was gi¥eri.35 min after treatment, the last
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a) Treatment
Session 1: Session 2: Session 3:
Ercoding Retrieval Retrieval
| ! !
0 1 week 2 weeks
Time
—_—
b) Session 2:

Treatment Memory tasks Attention task
physiological | | | |
measurements 0 75 110 135

Time
—

Figure 4.1. a) Schematic overview of the 3 sessions. b) Schematic overview of the second session.
Treatment consisted of either cortisol (35 mg), propranolol (80 mg) or a placebo. The memory tasks
were a free recall, cued recall and working memory task.

physiological measurements were taken as well amtarview on side effects and
expectations of the memory task (see Figure 4.0 briamverview of session 2). In the
third session, memory was tested again followedabyexit interview (including
expectancies of the last memory task and an awssarteck for treatment) as well as
a debriefing concerning the goals of the study.

Data analysis

The effects of the treatment (placebo vs. cortrsobropranolol) on physiological and
subjective measures were analyzed using repeatedunmge (RM-) ANOVAS with
time as within subject and group as between suljagable, followed by Student
Newman Keuls (SNK)post hoc tests. Ay? test was used to analyze side effects and
treatments awareness in the three groups. Memangva over the three sessions
was analyzed using a RM-ANOVA with session and @émnoas within subject and
group as between subject variable. The percentamesct recall on session 2 and 3
were also analyzed using RM-ANOVAs with emotionnahin subject and group as
between subject factor. Additional analyses weraedaoted using univariate
ANOVAs or simplet-tests. Greenhouse-Geisser corregiedhlues were used when
indicated by violated Sphericity. Analyses weref@ened with SPSS 14.0 (SPSS,
Chicago, IL). The criterion for statistical sigmifince wap < 0.05.
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Effects of Cortisol and Propranolol on Memory Retrieval

Results
Effect of treatments on physiology

Cortisol measures

Table 4.2 shows the salivary cortisol levels in theee groups in nmol/L. For the
RM-ANOVA, log values of cortisol were calculated a@count for non-normality.
One participant in the propranolol group was exetudrom the analyses due to a
missing sample. A significant group by time intéi@t was found (3, 107) = 30.16,

p <.001). As expected, Student Newman Keuls (Spis) hoc analyses revealed that
cortisol levels were significantly increased in thetisol group compared to both the
placebo and propranolol group at t = 75, 110 and rbéh (all ps < .01), while not
differing from the other 2 groups at baseline,@ min (@ > .50). In addition, a group
by time interaction was also found between thegilacand propranolol grouf(@,
87) = 10.26,p < .001). The propranolol group showed increasedistd levels
compared to placebo att =110 and t = 135 (petk .01).

Table 4.2. Free salivary cortisol in nmol/L (+ SEM) in each treatment group.

Group Time

t=0 t=75 t=110 t=135
Placebo 9.01 (0.69) 5.02 (17.20) 4.57 (8.85) 4.95 (5.45)
Cortisol 7.47 (0.71)  206.61 (17.53) 134.79 (9.01; 99.37 (5.55?
Propranolol 7.98 (0.72) 5.84 (17.88) 8.26 (9.19 9.81 (5.66

a_. . . . . .

Notes: Slgbnlflcant increase in cortisol levels in the cortisol group vs. the placebo and propranolol group
(p <.001). Significant increase in cortisol levels in the propranolol group vs. the placebo group (p <
.001).

Adrenergic measures

Figure 4.2a-d shows the changes in alpha-amylagg, (heart rate (HR), systolic
(SBP) and diastolic blood pressure (DBP) in allup®beforet(= 0) and at three time
points after treatment € 75, 110 and 135 min) on session 2.

For the RM-ANOVA, log values of AA were calculatéal account for non-
normality. Four participants were excluded from tnealyses due to missing AA
samples 1if = 2 from the propranololn = 1 from the cortisol aneéh = 1 from the
placebo group). A significant interaction betweeaup and time was found for AA
levels E(4, 160) = 5.33p < .001). SNKpost hoc tests revealed that AA levels were
marginally lower in the propranolol group compatedoth the placebo and cortisol
group att = 75 @ = .09) and 110 minp(= .06) and significantly lower at 135 mip €
.02), while not differing from the other 2 groupgshaselinet = 0 min p > .20).

A significant group by time interaction was alsaiid for HR E(4, 134) =
6.03,p < .001). SNKpost hoc analyses revealed that HR levels were signifigantl
decreased in the propranolol group compared to thetiplacebo and cortisol group at
t =75, 110 and 135 min (ghs < .01), while not differing from the other 2 grauat
baseline, t = 0 minp(> .80).
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Figure 4.2. Physiological measures 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. ¢) Systolic blood pressure. d)

Diastolic blood pressure. Mean levels + SEM are displayed.

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

the propranolol versus the placebo and cortisol group (p < .05).

Similar results were found for SBP. The group byeiinteraction was significant
(F(4, 171) = 9.41p < .001) and SNHKoost hoc analyses revealed that SBP levels were
significantly decreased in the propranolol groumpared to both the placebo and
cortisol group at t = 75p(< .03), 110 1 < .02) and 135 minp(< .01), while not
differing from the other 2 groups at baselihes 0 min p > .40). Even though an
interaction was found for group by time for DBPveall (F(5, 180) = 2.91p < .05),
SNK post hoc tests revealed no significantly lower DBP at ahthe time point in the
propranolol group versus the other groupsgsib .10).

Subjective measures

No effects of treatment over time were found onjettive feelings of tension,
insecurity, irritation, motivation, mood and tirexhs (allps > .10). We did find an
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Effects of Cortisol and Propranolol on Memory Retrieval

interaction effect of group with time on anxiety(%, 186) = 2.30p < .05). The
propranolol group showed a trend towards lower etyxat the end of the 2nd session
compared to the placebo grouf6) = 1.74p = .09).

Side-effects and awareness check

After the treatment session participants were askedeport any side-effects or
strange feelings. Feelings that were reported dedu tiredness, tense feeling, cold
hands, headache, light nausea and concentratidileprs. However, each of these
reported feelings were evenly distributed across3treatment groups (Pearsog?s
(6) = 5.35,p = .50). Furthermore, in the exit interview, papants were asked to
speculate which treatment they received to checkv@reness of treatment. Answers
were categorized as placebo, cortisol, propranaiol,idea or simply a medicine.
Participants did not guess which treatment thegived (Pearson? (8) = 6.96,p =
.54).

Memory performance

Arousal and valence ratings

On average, negative words were rated as signtfycarore emotional (mean = 2.76,
SD = 0.74) than neutral words (mean = 1.70, SD55,G(78) = 16.24,p < .001).
Negative words were also rated as significantly enoegatively valenced (mean =
3.79, SD = 0.53) than neutral words (mean = 2.12,=50.38,1(78) = 22.25p <
.001). No differences in ratings were found betwienthree groups (ghs > .10).

Memory performance

Table 4.3 shows performance on the memory taslsessions 1, 2 and 3. For session
1 recall performance on the last learning trisdhewn. For session 2 data on the free
recall and the cued recall task are shown anddssien 3 performance on the free
recall and the recognition task are shown.

Table 4.3. Memory performance (Mean + SD) on session 1, 2 and 3 in number of words correctly

recalled.
Group Word Session 1 | Session 2 Session 3
valence |recall recall cued recall | recall recognitior‘fi1
Placebo Neu 8.63 (2.17)|4.70 (1.56) 6.11 (2.33) |5.22 (2.08) 10.52 (2.23)
Emo 10.11 (2.31) [6.07 (2.73) 7.15(2.43) |6.37 (2.39) 10.67 (2.63)
Cortisol Neu 9.27 (1.85) | 4.27 (2.18) 5.69 (2.29) |4.77 (1.80) 10.42 (2.89)
Emol 10.42 (2.14) |5.46 (2.10) 6.58 (2.27) |5.42 (1.88) 9.31(2.94)
Propranolol Neu 9.35 (2.12)|5.54 (2.20) 6.42 (2.69) [5.85 (2.41) 11.73 (2.16)
Emo 11.04 (1.64)(6.81 (2.12) 7.88 (1.75) | 6.85 (1.99) 10.54 (3.09)

a o ) . .
Notes: ~ Recognition scores were calculated by subtracting the falsely recognized items from the
number of correctly recognized items; neu = neutral; emo = emotional.
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In the RM-ANOVA used to test for effects of treatmh®n memory retrieval the last
recall trial from session 1 and the free recalalsrifrom sessions 2 and 3 were
analyzed. The RM-ANOVA with session (1 vs. 2 vs.aB)d emotion (neutral vs.
emotional) as within-subject variables, and grospbatween-subject variable was
calculated for retrieval performance. A significan&in effect of session was found
(F(2, 122) = 537.49 < .001), showing a decrease in performance frassise 1 to 2
(F(1, 76) = 648.80p < .001) and a slight increase in performance fs@ssion 2 to 3
(F(1, 76) = 6.59p < .02) for all groups. This increase in recallfpanance from the
second to third week may be due to the cued réasitl that was performed after the
free recall task of the second session. Furthermmmmain effect of emotion was
found (1, 76) = 26.83p < .001) reflecting a higher recall of emotional usutral
words.

No main effect of group was found. In line with @xpectations, a significant
group by session interaction was fourd3, 122) = 3.62p = .013). With planned
comparison analyses for the cortisol and proprdmgtmup separately, this interaction
appeared to be significant between the placebacaritsol group E(2, 77) = 6.00p
< .01), but not between the placebo and propramgptmip (2, 89) = 0.35p = .68).
To clarify in which phase the interaction effects €ortisol were apparent, separate
RM-ANOVAs were conducted on session 1 vs. sessiand2session 1 vs. session 3.
In the first RM-ANOVA with session 1 and sessiorad emotion as within-subject
factors, and cortisol vs. placebo as between-stulgetor, it was shown that memory
performance in the cortisol group decreased sipmfly more from session 1 to
session 2 than in the placebo group (txngroup interactionF(1, 51) = 5.35p =
.025), while performance on session 1 did not difietween these groups({, 51) =
1.08,p = .30). This interaction was also found in the RIMOVA with session 1 and
3 as within-subject variable (time group interactionF(1, 51) = 8.81,p < .01),
indicating a higher decrease in memory retrievainfrsession 1 to 3 in the cortisol
group compared to the placebo group.

We also calculated the percentages correct recabessions 2 and 3 with
respect to the last learning trial on session & @Egure 4.3). RM-ANOVAs for the
percentages correct recall on both session 2 asglose3 with emotion as within-
subject factor, and cortisol vs. placebo as betvsedaect factor, showed that the
cortisol group remembered significantly less frohe tast learning trial than the
control group in both session B((, 51) = 4.17p = .046) and session &({, 51) =
6.60, p = .013). No interaction effects with emotion wdoaind (all ps > .40),
indicating that the immediate and prolonged effeftgortisol on memory retrieval
were similar for both neutral and emotional memmatyieval. The propranolol group
did not remember less from the last learning tif@n the control group in either
session 2K(1, 51) = 0.37p = .92) or session (1, 51) = .512p = .48).

To examine the change in retrieval performance feassion 2 to session 3,
an additional RM-ANOVA with session 2 and sessignaBd emotion as within-
subject factors, and group (cortisol vs. propraheto placebo) as between-subjects
factor was performed. No interaction between graog time was found~2, 76) =
0.45,p = .64), indicating that memory after treatmentraded in a similar way in
each group. In addition, when the percentage cbmecall on session 3 was
calculated with respect to session 2 and compaetdeen groups in an ANOVA, no
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Figuur 4.3. Percentage correct recall (Mean + SEM) on session 2 and 3 with respect to the last learning
trial on session 1. The cortisol group showed a lower memory performance on both session 2 and 3
compared to the placebo and propranolol groups (ps < .05).

effect of group was found eithdf(@, 76) = 0.41p = .67). To test whether there was
a change in the reactivated items from sessionszssion 3, we also calculated the
percentage correct recall on session 3 with resfgesession 2 including only the
words from session 3 that were also recalled osi@@s2. However, no further
decline was found in recall of words that were t@ated during treatmen&(2, 76)

= .87,p = .42.). No main or interaction effects of emotiwere found eitherps >
.65).

When conducting separate ANOVAs on the absoluteescon each of the
three sessions, no differences in recall performarere found for any of the sessions
between the placebo and the treatment grouppgat .10). Also, no effect of group
was found on cued recall or recognition scoresp&@ .10).

In both sessions 2 and 3 participants were askeetheh they expected a
memory test. In session 2, more participants expge@ memory task in the
propranolol group K(2, 76) = 3.09,p = .05). Furthermore, as mentioned in the
methods section, age and depression scores dififetbe control group compared to
the other 2 groups. Therefore, these 3 variable® wabsequently entered in the
above analyses as covariates. Controlling for tpessible confounding variables did
not affect the main interaction between group (@bec cortisol and propranolol) and
session (sessions 1, 2, andRB¢( 144) = 3.57p = .014).
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Working memory and attention

A RM-ANOVA with session (1 vs. 2) and order (forwlavs. backward) as within-
subject variable and group as between-subjecthlanaas performed for the working
memory scores on the digit span. Performance isetkrom session 1 to E({L, 76)

= 37.17,p < .001) and performance on digits forward was é@rghan digits backward
(F(1, 76) = 19.46p < .001). No effects of group were found howevdir ga > .15).
Moreover, an ANOVA also failed to reveal signifitaeffects of group on errors in
the sustained attention task(2, 76) = 1.51p = .23).

Discussion

In this study we found evidence that the retrieiapairments that have been
observed as a result of cortisol administration sifk observable after a wash out
period of 1 week. These immediate and prolongedaimpents in memory retrieval
were found for the retrieval of both neutral andoéional words. These results are in
line with earlier studies showing impairing effedfsacute cortisol administration on
memory retrieval (de Quervain et al., 2000; Healet 2005). They also relate to an
earlier study by our group (Tollenaar et al., 2008hapter 3) in which we found that
stress impairs long-term memory retrieval when mmaesoare reactivated during
stress. While in the previous study stress was dawnfurther diminish long-term
memory retrieval when memory was reactivated dusingss, in the present study we
did not find a further decrease in memory perforogaafter cortisol treatment. The
persistence of the retrieval impairment in theisottgroup might be due to a lowered
rehearsal during treatment and hence a lower reelmg of the learned material or to
the effects of cortisol on post-retrieval (recomdation) processes. The latter is less
likely as there was no further decline in the etal of reactivated information, but
from these data it cannot be concluded which afe¢hw/o processes were involved in
the memory impairments 1 week after treatment. diferences found between the
long-term effects of exogenous cortisol adminigtrabind stress-induced endogenous
cortisol increases may be related to the additiggisiological and psychological
responses that arise during stress. Furthermorexdmine whether reconsolidation
specifically is affected by cortisol, future invigsttions should increase cortisol levels
after memory reactivation to separate the effects amexetl and reconsolidation, and
compare the effects of cortisol not only to a pbacgroup, but also to a group in
which cortisol is administered without reactivatioa rule out non-specific effects of
cortisol on long-term memory.

In contrast to the impairing effects of cortisole ound no immediate effect
of propranolol on memory retrieval. So far, onlyeoather study reported on the
effects of propranolol on memory retrieval (de Quaén et al., 2007). In this study,
propranolol did not reduce retrieval either. Funthere, we found no indications for
effects of propranolol on post-retrieval procesSést is, performance 1 week after
treatment was still comparable to placebo. Thigvisontrast with our expectations
based upon studies in which propranolol was foundftect post-retrieval processes
like reconsolidation (Debiec & Ledoux, 2004; Millet al., 2004; Przybyslawski et
al., 1999). However, these studies used mostlydeaditioning paradigms, which are
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not directly comparable to our declarative memaskt While fear conditioning is
concerned with implicit learning, generally invad/eigher levels of fear, and is found
to be mediated by the amygdala (Debiec & LeDoux)630 memory retrieval is
thought to be primarily mediated by the hippocamand prefrontal regions (Squire
et al., 2004; Takashima et al., 2006), althoughatinggdala has also been implicated
in emotional memory retrieval (Dolcos et al., 2Q0B8)reason that might therefore
explain our non-results is that propranolol may rhere involved in (amygdala
related) physiological and anxiety reducing mechasi as in fear conditioning.
Although we did find a slight decrease in anxietythe propranolol group at the end
of the treatment session, this effect did not reniaiveek after treatment. Propranolol
may potentially only affect declarative memory nesaolidation when related
emotions and physiological responses are very gtras in PTSD (Orr et al., 2002).
That is, propranolol has been found to affect datlee memoryconsolidation in
humans (Cabhill et al., 1994; van Stegeren, Rohletat., 1998), but in those studies
picture tasks were used that might have elicitedeneonotional arousal than our word
task. Another reason that could explain the nonolgsis that the administered dose
of propranolol was too low. This is not a likely pdanation however, since the
expected physiological effects of propranolol adstmation were clearly observed.
There was a very significant decrease in adrenaieity measured with heart rate
and blood pressure (although only on systolic blpoessure, as previously reported
by Maheu et al. (2005) and van Stegeren, Rohladar €005)), but also with alpha-
amylase. Alpha-amylase measured from saliva seerbs & valid and non invasive
measure of adrenergic activity and is sensitivedta-adrenergic blockade (Nater et
al., 2006; van Stegeren et al., 2005). Besidedfdbethat propranolol induced the
expected physiological effects, we have adminigteredose of propranolol (80mg)
that was twice as high as in the study by de Quermtal. (2007). Taken together,
even though we did not find evidence for effectdpranolol on reconsolidation,
this study does not rule out that propranolol mighitentially play a role in
reconsolidation in humans. Reconsolidation in husnianstill a relatively unstudied
area and future studies using different memory gignas will have to elucidate
whether propranolol can affect post-retrieval mgnmocesses.

Interestingly, propranolol also led to a moderduwat, significant, increase in
cortisol levels, which was previously reported byahdu et al. (2004) as well.
Apparently, this increase did not impair memoryatkeclhe increase might not have
been sufficiently large to cause any effects (teas 2 nmol/L cortisol), but the fact
that noradrenergic activation was blocked by propia might have prevented
cortisol increases from any impairing effects ommey as well (see also de Quervain
et al., 2007).

Overall, the present findings suggest that reamtimaof memories when
cortisol levels are high may lead to long-term mgmattenuation. This is highly
relevant for the treatment of post-traumatic stadiserder (PTSD), in which a lasting
diminished recall of trauma-related memories mibgkt beneficial (de Quervain,
2007). Moreover, these findings are in accordand wlinical observations of
prolonged beneficial effects of glucocorticoidsAmSD and phobias (de Quervain &
Margraf, 2008). However, our findings suggest tleattisol may impact both
emotional and neutral memory retrieval. The rolewfotionality and valence in the
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effect of cortisol on memory retrieval in humanst#l unclear. That is, several other
studies have found effects of cortisol on retrieafaheutral memories as well (Buss et
al., 2004; de Quervain et al., 2000), while otherdes found effects of cortisol
primarily on emotional memory retrieval (Domes ket 2004; Kuhlmann, Kirschbaum
et al., 2005). The effects of endogenous increasesrtisol on memory retrieval
seem to be dependent on the emotionality of theema&tor on an arousing context
(Kuhlmann, Piel et al., 2005; Tollenaar et al., 200/ Chapter 2), while high
exogenous doses of cortisol might affect memonyenal as long as the subject has a
normal level of sympathetic arousal (de Quervairalet2007; Kuhimann & Wolf,
2006b). With regard to the clinical setting, thepairing effects of cortisol on the
retrieval of neutral information may be a potentggative side effect, and merit
special attention in future clinical trials.

There are some limitations to our current invesioga that merit
consideration. The effects we found of cortisolme@mory retrieval were all within-
subject effects. They were expressed in an interatetween group and session and
present in the percentage correct recall with respe the individual last learning
trial. No effects were found on absolute memoryresowvhen the sessions were
analyzed separately. Other studies have reportddnagubject effects of cortisol on
memory retrieval as well (Buss et al., 2004; KuhtmaPiel et al., 2005; Kuhlmann,
Kirschbaum et al., 2005), suggesting that thesectff while subtle, are consistent.
Second, the present study only included men, wiigerders related to stress and
memory problems like PTSD and depression are highgyalent in women. Future
studies should examine whether similar resultd@rad in females, while taking into
account hormonal fluctuations due to menstrual eeyahd birth control agents.
Another point is that our control group differedrr the drug groups on depression
and age scores despite randomization. In the dayrvap, two participants were over
30 years leading to a higher mean. However, inolythoth age and depression scores
as covariates in the analyses did not change suitse Furthermore, the fact that the
impairments in memory were prolonged up to 1 weadsdnhot necessarily mean that
the memory traces are impaired indefinitely. A lenépllow-up is needed to indicate
whether these effects are persistent or tempo€irynterest is also whether memory
losses can be restored with cues or in a diffecentext (Bouton, 2002). Moreover,
future studies should investigate the effects oftipla reactivations under treatment,
as animal research has indicated this might sthemgthe effects (Cai et al., 2006).

In summary, these results lend support to the tngsis that cortisol might aid
in the treatment of disorders like PTSD and pholiigsdiminishing (emotional)
memory recall over extended time spans, but doeslaofy the mechanisms through
which propranolol exerts its therapeutic effects.
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