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Chapter 3

The effects of noradrenergic 
blockade on extinction in humans

This chapter is based on the article that is published as: Bos, M.G.N., Beckers, T., & Kindt, M. 

(2012). The effects of noradrenergic blockade on extinction in humans. Biological Psychology, 89, 

598-605. 
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Abstract
The process of reconsolidation has attracted much attention because of its potential application 

for the treatment of psychiatric disorders. Here, we investigate a possible boundary condition 

of disrupting reconsolidation with the noradrenergic antagonist propranolol HCl in humans. 

Reconsolidation can be initiated by retrieval of an acquired fear memory, which is in procedure 

equivalent to extinction training. If memory retrieval promotes the formation of a novel extinction 

memory trace, propranolol HCl may interfere with extinction rather than with reconsolidation. Using 

a differential fear conditioning paradigm, we demonstrate that administration of propranolol HCl 

(double-blind placebo controlled) prior to repetitive unreinforced CS presentations did not affect 

extinction at a physiological level (startle reflex and skin conductance). At a cognitive level, 

propranolol HCl directly impaired extinction learning. These findings indicate that careful selection 

of timing parameters is essential to ensure that pharmacological agents interfere with the intended 

memory process to reduce fear. 
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Introduction

Although the ability to vividly remember traumatic experiences is critical for adequate 

adaptation to future risks, the putative indelibility of emotional memory may also be harmful 

and maladaptive, resulting in excessive fear and anxiety (e.g., PTSD, phobia). To date, one of 

the most effective strategies to treat anxiety disorders is cognitive behavioral therapy (CBT) 

(e.g., Butler, Chapman, Forman, & Beck, 2006). Repeated exposure to the feared stimulus 

(e.g., dog) in the absence of the aversive outcome (e.g., biting) is an important component 

of CBT. Extinction learning is the experimental model for exposure, in which a ‘new’ inhibitory 

memory trace is formed in order to reduce the expression of fear (Bouton, 2002; Rescorla, 

2001). An apparent disadvantage of exposure is that the original fear memory remains intact, 

even though the fear is behaviorally silenced. The intact fear memory may promote the return 

of fear as triggered by external factors (e.g., a change of context, Bouton & Bolles, 1979) and 

may explain why exposure-based CBT faces high percentages of relapse (Craske, 1999). 

Recent insights in the neurobiological underpinnings of fear reduction suggest novel 

strategies to improve the efficacy of CBT in the long-term (e.g., Davis, Ressler, Rothbaum, 

& Richardson, 2006; Nader, 2003). One potential strategy to improve CBT is to facilitate 

exposure treatment with pharmacological agents (e.g., D-cycloserine and yohimbine) that 

are supposed to strengthen extinction memory (Davis et al., 2006; Hofmann, 2008). Several 

clinical trials indeed showed that these pharmacological adjuncts accelerate treatment effects 

(Powers, Smits, Otto, Sanders, & Emmelkamp, 2009; Ressler et al., 2004). An alternative and 

promising strategy to achieve a more permanent reduction of fear is to target the original fear 

memory itself by disrupting reconsolidation (e.g., Nader, 2003). Upon retrieval, a memory trace 

temporarily returns into a labile state, requiring de novo protein synthesis for restabilization 

(Dudai, 2006; Nader, 2003; Sara, 2000). This offers a window of opportunity to interfere with 

memory reconsolidation by interfering with protein synthesis through either pharmacological 

(e.g., Nader et al., 2000; Tronson, Wiseman, Olausson, & Taylor, 2006) or behavioral procedures 

(Clem & Huganir, 2010; Monfils, Cowansage, Klann, & LeDoux, 2009; Schiller et al., 2009; but 

see, Chan, Leung, Westbrook, & McNally, 2010; Soeter & Kindt, 2011a). The ß-adrenergic 

receptor antagonist propranolol HCl, which indirectly targets the cAMP dependent protein 

kinase A (PKA, Huang & Kandel, 2007), proved to be effective in disrupting the reconsolidation 

of fear memory in rodents (Abrari, Rashidy-Pour, Semnanian, & Fathollahi, 2008; Dębiec & 

LeDoux, 2004) and humans (Kindt et al., 2009; Soeter & Kindt, 2010; 2011a). A clinical pilot 

study corroborates these findings by showing that propranolol HCl reduced later physiological 

responding in patients with PTSD while being re-exposed to their trauma memory (Brunet et 

al., 2008). Thus, disrupting reconsolidation may be a promising therapeutic tool to provide 
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long-term cure for patients with anxiety-related disorders.

One potential boundary condition for this novel therapeutic procedure is the differentiation 

between reconsolidation and extinction (Eisenberg et al., 2003; Pedreira & Maldonado, 

2003; Suzuki et al., 2004). Reconsolidation and extinction both involve memory retrieval 

and have a number of molecular mechanisms in common, including a putative reliance on 

ß-adrenergic signaling (Mueller & Cahill, 2010; Pape & Pare, 2010). Memory retrieval may 

initially induce a reconsolidation process that serves to maintain or adapt the original fear 

memory (e.g., Lee, 2009; Nader, 2003; Tronson & Taylor, 2007). If the memory retrieval is 

however prolonged or repeated, it may induce the formation of a new extinction memory trace 

instead of reconsolidation (e.g., Quirk & Mueller, 2008). Thus, to the degree that a memory 

retrieval procedure generates extinction learning rather than reconsolidation, ß-adrenergic 

blockade may be counterproductive. That is, if retrieval of an acquired fear memory promotes 

the formation of a novel extinction memory trace, pharmacological manipulations intended 

to impair reconsolidation may instead or additionally interfere with the formation of extinction 

memory. In animals, administration of the ß-adrenergic blocker propranolol before extinction 

training indeed impaired extinction memory in some studies (Mueller, Porter, & Quirk, 2008; 

Ouyang & Thomas, 2005) but not in others (Cain, Blouin, & Barad, 2004; Rodriguez-Romaguera, 

Sotres-Bayon, Mueller, & Quirk, 2009). To date, it remains unclear whether ß-adrenergic 

blockade interferes with extinction learning in humans. Obviously, the dynamic interplay 

between reconsolidation and extinction should be elucidated if we are to target reconsolidation 

with pharmacological agents to treat patients with anxiety disorders. This issue is all the more 

important because in clinical situations, control over the timing parameters of memory retrieval 

is rather limited. Even in case that a therapist aims to target reconsolidation and only reactivates 

a single, time-limited fear memory, patients may mentally rehearse the retrieval experience 

and engage in mental exposure. If in such a case noradrenergic blockade would interfere 

with extinction memory at the expense of initial fear memory reconsolidation, propranolol-

accompanied memory retrieval may be utterly ineffective (or even counter-productive). For 

the feasibility of disrupting reconsolidation with propranolol HCl in psychotherapy, it is critical 

to know whether repeated or prolonged memory retrieval might indeed bear a risk to enhance 

rather than reduce (recovery of) fear.

The aim of the present study was to test the effect of propranolol HCl on fear reduction. 

If through repeated retrieval of an acquired fear memory, extinction learning comes to 

dominate over reconsolidation, and if as a result propranolol HCl would come to interfere 

with either extinction learning or extinction memory, propranolol HCl might actually enhance 

the recovery of fear. More specific, if propranolol HCl would interfere with extinction learning, 

we expect to observe direct impairments during repeated unreinforced CS-presentations, 
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whereas impairments in the consolidation of extinction memory would only affect conditioned 

responding 1 day later. On the other hand, if repeated memory retrieval predominantly triggers 

reconsolidation, propranolol HCl is predicted to interfere with the reconsolidation of the 

acquired fear memory and thus to impair the later expression of fear. We used a three-day 

differential fear conditioning procedure, consisting of the following phases: acquisition (day1), 

non-differential extinction training (repeated retrieval; day2), differential extinction training 

and reinstatement testing (day3). In the acquisition phase, participants were differentially 

conditioned by pairing one picture of a spider (conditioned stimulus; CS1) with an aversive 

unconditioned stimulus (US; i.e., electric shock) whereas another picture of a spider (CS2) 

was never paired with the aversive US. On day 2, participants received either propranolol HCl 

(40 mg, double-blind) or placebo 80 minutes before unreinforced CS1 presentations (i.e., non-

differential extinction training). As is typically done in single-trial memory reactivation studies 

(Kindt et al., 2009; Soeter & Kindt, 2010; 2011a), we did not present CS2 trials during the 

repeated reactivation procedure. On day 3, participants were subjected to differential extinction 

training. To investigate the return of fear, we also presented three reminder shocks on day 3 

to reinstate the fear response. The conditioned response (CR) was defined as the difference 

in responding between the feared conditioned stimulus (CS1) and the control stimulus (CS2). 

Expression of fear was measured with the fear potentiated startle response, skin conductance 

response and reported US-expectancy.

Methods

Participants

Thirty healthy undergraduate students (10 men, 20 women, gender was equally distributed 

over groups) were included in the study. Mean age of the participants was 21.04 years (S.E.M. 

± 0.47 years). Exclusion criteria were pregnancy, blood pressure (BP) < 90/60 and any history 

of or current seizure disorder, respiratory disorder, cardiovascular disease, diabetes, liver-/

kidney disorder, medication use (other than oral contraceptives), depression or psychosis. 

Additionally, people who scored high on the anxiety sensitivity index (ASI > 26, Peterson 

& Reiss 1992) were excluded from participation, as they might experience difficulty with any 

temporary symptoms induced by propranolol HCl. Two additional participants (2 women) were 

excluded from the study because one participant failed to detect the CS-US contingency 

during acquisition and one participant experienced the startle probe as being too aversive. 

Participants received either course credits or were paid a small amount of money (€35) for their 

participation. The ethical committee of the University of Amsterdam approved all procedures 
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and informed consent was obtained from all participants. Participants were randomly assigned 

to one of the two groups with the restriction that groups were matched on Spider Phobia 

Questionnaire (SPQ, Klorman et al., 1974) and ASI scores as closely as possible. 

Measurements and apparatus

Stimuli. In order to strengthen the fear association during acquisition, fear relevant stimuli 

served as CSs (Mineka & Öhman, 2002) (i.e., pictures of a spider, IAPS numbers 1200 

and 1201; Lang, Bradley, & Cuthbert, 2005). Assignment of the slides to CS1 and CS2 was 

counterbalanced across participants. An electric shock with a duration of 2 ms served as US. 

The electric shocks were administered to the wrist of the non-dominant hand through a pair of 

Ag electrodes of 20 by 25 mm with a fixed inter-electrode mid-distance of 45 mm, which were 

connected to a constant current stimulator (Digitimer DS7A, Hertfordshire, UK). A conductive 

gel (Signa, Parker Laboratories) was applied between the electrodes and the skin. The shock 

intensity was individually set; the workup procedure started at a very mild level of shock (1 mA) 

and gradually increased until the shock level reached the maximum level that the participant 

determined as uncomfortable, but not painful (range 8 – 50 mA). The amount of shocks given 

during the workup procedure was dependent on the eventual shock intensity ranging from 

5 shocks (8 mA) to 16 shocks (50 mA). The startle probe was a burst of white noise (40 ms; 

104 dB) with near-instantaneous rise time. Startle probe and background noise were both 

presented binaurally over headphones (Sennheiser 25 I-II).

Physiological recording. Potentiation of the acoustic startle reflex to a loud noise was measured 

by electromyography (EMG) of the right orbicularis oculi muscle. Two 7 mm Ag/AgCl electrodes 

filled with electrolyte gel were attached approximately 1 cm under the pupil and 1 cm below 

the lateral canthus, respectively; a ground electrode was placed on the forehead (Blumenthal, 

Cuthbert, Filion, Hackley, Lipp, & van Boxtel, 2005). The EMG electrode wires were connected 

to a front-end amplifier with an input resistance of 10 MΩ and a bandwidth of DC-1500 Hz. 

The signal was digitized at 1000 S/s. Electrodermal activity was measured using an input 

device with a peak-peak sine shaped excitation voltage (± 0.5 V) of 50 Hz. The input device 

was connected to two Ag/AgCl electrodes of 20 by 16 mm, which were attached to the medial 

phalanx surfaces of the middle and fourth finger of the non-dominant hand. The signal from 

the input device was led through a signal-conditioning amplifier and the analogue output was 

digitized at 1000 Hz by a 16-bit AD-converter (National Instruments, NI-6224). 

US-Expectancy. US-expectancy ratings were collected online within the first 7 s of each 

CS presentation on an 11-point visual analogue scale (VAS) ranging from -5 (‘certainly no 
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shock’) over 0 (‘uncertain’) to +5 (‘certainly a shock’). The scale was continuously presented 

at the bottom of the computer screen in order to focus participants’ attention to the CS-US 

contingencies.

US-Evaluation. Subjective evaluation of the unpleasantness of the US was retrospectively 

measured at the end of day 1 on an 11-point VAS scale ranging from -5 (unpleasant) to +5 

(pleasant). 

Anxiety Assessment. State and Trait Anxiety were assessed with the State and Trait Anxiety 

Inventory (STAI-S and STAI-T; Spielberger, Gorsuch, & Lusthene, 1970). The degree of spider 

fear was determined by the SPQ, the tendency to respond fearfully to anxiety-related symptoms 

by the ASI.

Experimental design and procedure

The experiment consisted of three testing sessions on consecutive days (see Figure 3.1). 

Each day started with a habituation phase of ten startle probes to stabilize baseline startle 

reactivity. A 70-dB broadband noise was used as background noise throughout all sessions. 

Testing procedures were adapted from Kindt et al., (2009). Day 1. Medical screening, ASI and 

SPQ were administered before the experimental procedure started. After attachment of the 

EMG, SCR and shock electrodes, individual shock intensity was determined. Participants were 

then instructed to look carefully at the slides, of which one would in most cases be followed 

by shock and the other would never be followed by shock. They were instructed to rate their 

expectancy of the shock during each slide. In the acquisition phase, the CS1 and CS2 stimuli 

were presented 8 times for 8 s. The startle probe was presented 7 s after stimulus onset. CS1 

was in 75% of the trials reinforced by the US. The reinforcement schedule was fixed: the first 

and fifth trials of the CS1 were unreinforced. The partial reinforcement procedure was applied 

to delay extinction learning on the subsequent days. The US was presented 500 ms after the 

startle probe (i.e., at 7.5 s after stimulus onset). To assess fear responses to the context, 8 

baseline startle probes were presented during the inter-trial intervals (ITI; Noise Alone trials, 

NA). ITI varied between 15, 20 and 25 s with a mean of 20 s. Trial order and ITI were semi-

random, with the restriction that no more than two consecutive trials or ITI durations were of the 

same type. Characteristics of the CSs, ITI and trial order were similar for the following days. Day 

2. Participants were randomly assigned to the propranolol or placebo group. BP and STAI-S 

were assessed before participants received an oral dose of either 40 mg of propranolol HCl 

or pill placebo, double blind. In view of the kinetics of the peak plasma concentration (1-2h) 

of propranolol HCl, the extinction procedure started 80 minutes after pill intake. Participants 
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were instructed that the experiment would be a continuation of the previous day and that they 

had to remember what they learned the day before, that is one picture would sometimes be 

followed by the shock, whereas the other would never be followed by the shock. The non-

differential extinction phase consisted of 12 unreinforced CS1 trials, intermixed with NA trials. 

BP and STAI-S were again assessed after the extinction procedure. Day 3. The differential 

extinction phase consisted of 12 CS1 trials, 12 CS2 trials and 12 NA trials, all unreinforced. 

After the extinction procedure, the participants received three unsignaled shocks. The time 

between extinction and the reinstatement shocks was 19 s, the time between the shocks was 

on average 28 s. The three unsignaled shocks were followed by reinstatement testing, which 

consisted of 6 randomized, unreinforced presentations of CS1, CS2 and NA. Participants did 

not receive specific instructions regarding the CSs, except that the same pictures would be 

presented as on day 1. At the end of the experiment, participants completed the STAI-T and 

STAI-S. 

8 x CS1 – 75% US 
8 x CS2 

Day 1 
Acquisition 

24 h        12 x CS1 

Day 2 
Non-diff. extinction 

24 h 12 x CS1                  6 x CS1  
12 x CS2                  6 x CS2 
 

Day 3 
Diff. extinction         Test 

3x USs 40 mg 
propranolol or 
placebo 

Figure 3.1 Schematic of the experimental design over 3 days. 

Data reduction and statistical analysis

All physiological data were processed with VSRRP 98 v7.0 (developed by Technical Support 

Group UvA Psychology). For the startle response data, an analogue notch filter was set at 50 

Hz to remove interference of the mains noise. The raw EMG signal was amplified and band-

pass filtered (28-500 Hz butterworth 4th order)(Blumenthal et al., 2005; Van Boxtel et al., 1998). 

Startle magnitude was defined as the amplitude of the first peak within a 20-200 ms interval 

following the startle probe onset. Trials with excessive baseline activity or recording artifacts 

were discarded. Subsequently, startle responses that exceeded 3 standard deviations above 

average peak amplitude were determined as outliers. Missing data and outliers (1.14 % and 

1.11 % of the trials, respectively) were individually replaced by the linear trend of that data 

point for each phase and CS type separately. Startle data were standardized and converted 

to T-scores (T = (z * 10) + 50) to normalize the data and to reduce the influence of between 

subjects variability unrelated to psychological processes (Grillon et al., 2006). 
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Electrodermal responses elicited by the CS were determined by taking the baseline (i.e., 2 s 

before CS onset) to peak difference within the 7 s window following stimulus onset. Missing 

data due to technical problems (i.e., loss of electrical contact; 0.8 %) and outliers (> 3 s.d.; 

1.0 %) were replaced according to the same procedure as the startle data. Prior to statistical 

analyses, logarithms (ln(SCR + 1.5) of all SCR-values were computed to normalize the 

distribution (Fowles et al., 1981). We defined SCR non-responders as participants that failed to 

show evidence of a conditioned response during acquisition (i.e., no more than two CS1 trials 

exceeded 0.05 μS (for untransformed data) excluding the first CS1 presentation)(Pace-Schott 

et al., 2009). Four participants (i.e., three participants of the propranolol group) met the criteria 

for SCR non-responders. Furthermore, one participant (placebo group) showed rapid SCR 

habituation during the last four trials of acquisition (i.e., no SCR to CS1 exceeded 0.05 μS (for 

untransformed data)). The exclusion of these five participants did not change our results. The 

reported analyses are therefore performed over the entire sample. 

US-expectancy ratings were multiplied by 20 to create a scale from -100 to 100. Below, 

results are presented separately for each dependent variable and expressed as mean ± 

S.E.M. Mixed univariate analyses of variance for repeated measures (ANOVAs) were used with 

Group (propranolol versus placebo) as between-subjects factor and Stimulus (CS1 versus 

CS2 for skin conductance and US expectancy; CS1, CS2, NA for startle responses with CS1 

versus CS2 and CS1 versus NA as default simple contrasts and if necessary CS2 versus NA as 

contrast) and Trial (all blocks of two trials within each phase and the first and last block of two 

trials between phases) as within-subjects factor. Huynh-Feldt correction was applied, when 

the assumption of sphericity was violated. Significant effects were followed-up by separate 

ANOVAs or t-tests. An alpha level of .05 was used for all statistical tests; an alpha-level ≤ 0.08 

was considered a trend. 

Results

Participants in the propranolol and placebo group did not differ in reported spider fear, trait 

anxiety and anxiety sensitivity (all ts < 1.0, ps > 0.1) (see Table 3.1). The selected shock 

intensities ranged from 8 to 50 mA, and did not differ between groups (t (28) = -0.15, p > 0.1). 

Additionally, both groups rated the US as equally unpleasant (M = -3.1 ± 0.16; t (28) = -0.40, 

p > 0.1). 
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Table 3.1 Mean values ± S.E.M. of the intensity of the US, subjective evaluation of the US, reported 

spider fear, trait anxiety and anxiety sensitivity for the experimental groups.

Propranolol Placebo

Shock (US) (mA) 20.3 ± 2.3 20.9 ± 2.6

US evaluation -3.1 ± 0.2 -3.0 ± 0.3

Spider fear 6.8 ± 1.3 5.2 ± 1.2

Trait anxiety 34.7 ± 1.7 34.1 ± 1.9

Anxiety sensitivity 10.7 ± 1.2 9.7 ± 1.5

 

Propranolol HCl successfully lowered adrenergic activation after 95 minutes, indicated by a 

significant Time x Group interaction for systolic BP, F (1,28) = 8.61, p < 0.01, ηp
2 = .24 (see 

Table 3.2). Follow-up analyses yielded a strong drop in systolic BP in the propranolol group 

(F (1,14) = 28.33, p < 0.001, ηp
2 =.67) and a nearly significant, small decline in the placebo 

group (F (1,14) = 4.04, p = 0.06, ηp
2 =.22). The minor decline in systolic BP in the placebo 

group might be due to the long waiting period. Diastolic BP did not change in either group 

(Time: F (1,28) < 1.27, p > 0.1), which is in line with some other studies (Kroes, Strange, & 

Dolan, 2010; Tollenaar, Elzinga, Spinhoven, & Everaerd, 2009). Importantly, there was no effect 

of propranolol HCl on state anxiety (Time x Group, F (1,28) < 1.0, p > 0.1). 

Table 3.2 Mean values ± S.E.M. of diastolic and systolic blood pressure before pill intake (t=0) and 

after non-differential extinction training (t=95) for both groups. 

Propranolol Placebo

Diastolic BP

t=0 70.47 ± 2.4 71.27 ± 2.1

t=95 68.67 ± 1.7 69.87 ± 1.9

Systolic BP

t=0 121.73 ± 2.9 125.33 ± 3.0

t=95 109.87 ± 2.4 121.80 ± 2.8

 

Startle fear response

Day 1. Robust levels of fear acquisition were obtained in both groups (Stimulus [CS1, CS2, 

NA] x Trial: F (4.60, 128.78) = 2.58, p < 0.05, ηp
2 = .08; no Stimulus x Trial x Group interaction: 

F (4.60, 128.78) = 1.45, p > 0.1; no Group effect: F (1,28) = 0.89, p > 0.1), see Figure 3.2. As 

expected, there was an increase in differentiation in startle response between CS1 and CS2 

from the first to the last trials (Stimulus x Trial: F (3,84) = 3.97, p < 0.05, ηp
2 = .12; no Stimulus 

x Trial x Group: F (3,84) = 0.15, p > 0.1). Furthermore, CS1 trials elicited in general stronger 
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startle reactivity than NA trials (Stimulus: F (1,28) = 79.41, p < 0.001, ηp
2 = .74; no Group 

effects, all Fs < 2.24, ps > .09). 

Day 2. We observed a general decrease in startle responding to CS1 and NA trials (Trial: 

F (5,140) = 12.04, p < 0.001, ηp
2 = .30; no effects of Group: Fs < 1.77, ps > 0.1). There was 

however no decrease in differential CS1 versus NA responding (Stimulus: F (1,28) = 90.39, p < 

0.001, ηp
2 = .76; no Stimulus x Trial: F (5, 140) = 1.76, p > 0.1). 

Day 2 versus day 3. There was a general return of fear in both groups from the end of non-

differential extinction training on day 2 (e11, e12) to the start of extinction training on day 3 

(e1, e2)[CS1 versus NA] (Trial: F (1,28) = 7.38, p < 0.05, ηp
2 = .21; Stimulus: F (1,28) = 43.21, 

p < 0.001, ηp
2 = .61, Stimulus x Trial: F (1,28) = 2.04, p > 0.1; no effects of group: Fs < 1.62, 

ps > 0.1). 

Day 1 versus day 3. To test any changes in differential fear responding after non-differential 

extinction training at day 2, we compared the end of acquisition (a7, a8) to the start of differential 

extinction training on day 3 (e1, e2). Remarkably, in both groups there was no difference in 

differential fearful responding from day 1 to day 3 (Stimulus [CS1, CS2, NA]: F (2,56) = 28.29, 

p < 0.001, ηp
2 = .50; no effect of Trial or Group, all Fs < 2.03, ps > 0.1). The differentiation 

between CS1 versus CS2 (F (1,28) = 15.28, p < 0.01, ηp
2 = .35) as well as for CS1 versus NA 

(F (1,28) = 54.62, p < 0.001, ηp
2 = .66) persisted. The recovery of fear in both groups might 

indicate that propranolol HCl could hardly increase the differential fear response on day 3. This 

may be due to a ceiling effect. 

Day 3. There was a trend towards differential extinction learning on day 3 (Stimulus [CS1, CS2, 

NA] x Trial: F (10,280) = 1.81, p = 0.06, ηp
2 = .06; no interaction with group Fs < 1.70, ps > 

0.1 or main effect of Group: F (1,28) = 0.10, p > 0.1). The decrease in differential responding 

was shown for CS1 versus CS2 (Stimulus x Trial: F (5,140) = 2.16, p = 0.06, ηp
2 = .07, no group 

effects Fs < 2.33, ps > 0.09) as well as for CS1 versus NA (Stimulus x Trial: F (5,140) = 2.49,  

p < 0.05, ηp
2 = .08, no interaction with group Fs < 1.19, ps > 0.1). 

Reinstatement. In both groups, three unsignaled shocks produced a general increase in startle 

response from the end of extinction training (e11, e12) to reinstatement test (r1, r2) (Trial: 

F (1,28) = 23.10, p < 0.001, ηp
2 = .45; no Stimulus [CS1, CS2, NA] x Trial interaction: F (2,56) = 

0.18, p > 0.1, nor a Stimulus x Trial x Group interaction: F (2,56) = 0.35, p > 0.1). Interestingly, 

there was a significant Stimulus [CS1, CS2, NA] by Group interaction (F (2,56) = 4.67, p < 0.05, 
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ηp
2 = .14), which was only significant for CS1 versus CS2 (Stimulus x Group: F (1,28) = 5.45, 

p < 0.05, ηp
2 = .16) and not for CS1 versus NA (Stimulus x Group: F (1,28) =0.04, p > 0.1). 

Follow-up analyses indicated a general stimulus effect [CS1 versus CS2] in the propranolol 

group (Stimulus: F (1,14) = 6.81, p < 0.01, ηp
2 = .33), which was absent in the placebo group 

(Stimulus: F  (1,14) = 0.61, p > 0.1). However, visual inspection of Figure 3.2 suggests that the 

difference between groups is due to an increase in responding to the control stimulus, CS2, in 

the placebo group. A separate ANOVA of CS2 versus NA confirmed this observation (Stimulus 

x Group: F (1,28) = 10.02, p < 0.01, ηp
2 = .26). 
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Figure 3.2 T-scores of the startle potentiation (mean of 2 trials ± S.E.M.) during acquisition, non-

differential extinction, differential extinction and reinstatement testing. Panel a represents the data 

from the propranolol group, panel b represents the data from the placebo group. 

Analyses of reinstatement testing revealed significant re-extinction learning (Stimulus [CS1, 

CS2, NA] x Trial: F (4,112) = 2.64, p < 0.05, ηp
2 = .0.09, no Stimulus x Trial x Group interaction: 

F (4,112) = 1.31, p > 0.1 or a main effect of Group F (1,28) = 0.91, p > 0.1). Furthermore, we 

observed again a Stimulus [CS1, CS2, NA] by Group interaction (F (2,56) = 3.18, p < 0.05, 
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ηp
2 = .10). This interaction was significant for CS1 versus CS2 (Stimulus x Group: F (1,28) = 

6.47, p < 0.05, ηp
2 = .19) and not for CS1 versus NA (Stimulus x Group: F (1,28) = 0.74, p > 

0.1). As can be seen in Figure 3.2, there was a general stimulus effect [CS1 versus CS2] in 

the propranolol group (F (1,14) = 19.99, p < 0.01, ηp
2 = .59), which was absent in the placebo 

group (F (1,14) = 0.35, p > 0.1). However, additional analysis of CS2 versus NA showed that 

the difference between groups may be explained by a difference in CS2 responding (Stimulus 

x Group: F (1,28) = 3.28, p = 0.08, ηp
2 = .11). Once again, CS2 was elevated in the placebo 

group relative to the NA (placebo: F (1,14) = 8.12, p < 0.05, ηp
2 = .37; propranolol: F (1,14) = 

0.24, p > 0.1). Additionally, Figure 3.2 also suggests that at the end of re-extinction learning 

the differentiation between CS1 and CS2 persisted in the propranolol group, whereas there 

was no stimulus differentiation during reinstatement testing in the placebo group. However, 

the absence of a significant Stimulus by Trial by Group interaction (F (4,112) = 1.31, p > 0.1) 

prevents further testing. 

In sum, propranolol HCl intake before extinction training did not directly affect extinction 

learning or extinction retention on the test-day. Although, the results of reinstatement testing 

showed a difference between groups, this difference cannot convincingly be attributed to an 

effect of propranolol HCl administration. 

Skin conductance

We observed successful acquisition on day 1 (Stimulus: F (1,28) = 44.88, p < 0.001, ηp
2 = .62; 

Stimulus x Trial: F (2.52,70.63) = 2.83, p = 0.06, ηp
2 = .09; no Group effects Fs < 1.04, p > 0.1). 

Subsequently, we showed a decrease in CS1 responding on day 2 (Trial: F (5,140) = 21.52, 

p < 0.001, ηp
2 = .44; no effect of Group: Fs < 1.0, ps > 0.1). To test whether non-differential 

extinction training on day 2 affected the differential response on day 3, we compared the end of 

acquisition (a7, a8) to the start of differential extinction training on day 3 (e1, e2). The analysis 

resulted in a significant Stimulus x Trial x Group interaction (F (1,28) = 10.86, p < 0.01, ηp
2 = 

.28). Follow-up analyses showed that groups differed on the first extinction trials (e1, e2) of 

day 3 (Stimulus x Group: F (1,28) = 7.57, p < 0.05, ηp
2 = .21). The propranolol group showed a 

differential response (F (1,14) = 17.89, p < 0.01, ηp
2 = .56), whereas the placebo group showed 

no stimulus differentiation (F (1,14) = 1.12, p > 0.1). Visual inspection of Figure 3.3 seems to 

indicate that the groups differ in response to the control stimulus (CS2) at the start of day 3. 

However, additional analyses could not confirm this observation, as no group differences were 

obtained for electrodermal responding to either CS2 (Group: F (1,28) = 2.25, p > 0.1) or CS1 

(Group: F (1,28) < 1.0, p > 0.1). On day 3, we did not observe differential extinction learning 

(Stimulus x Trial: F (4.17,116.71) = 1.15, p > 0.10; Stimulus x Trial x Group: F (4.17,116.71) 

= 1.58, p > 0.10). Follow-up analyses of the first extinction trials (e1, e2) on day 3 – also 
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described above – indicated that only the propranolol group showed a differential response. 

At the end of differential extinction training, both groups showed no stimulus differentiation 

(Stimulus: F (1,28) = 0.21, p > 0.1; no group effects: Fs < 1.18, ps > 0.1). Finally, the three 

unsignaled reminder shocks reinstated the differential fear response in both groups (Stimulus 

x Trial: F (1,28) = 5.91, p < 0.05, ηp
2 = .17; no Group effects Fs < 1.29, ps > 0.1) (see Figure 

3.3). To conclude, we did not find evidence that noradrenergic blockade during non-differential 

extinction training affected electrodermal responding directly. However, the propranolol group 

did show a stronger differential response at the start of extinction training one day later.
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Figure 3.3 Log-transformed data of the skin conductance response (mean of 2 trials ± S.E.M.) during 

acquisition, non-differential extinction, extinction and reinstatement testing. Panel a represents the 

data from the propranolol group and panel b from the placebo group. 
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US-expectancy

Figure 3.4 displays the mean US expectancy ratings for CS1 and CS2 across trials. As 

expected, differential US-expectancy ratings were acquired in both groups (Stimulus x Trial: 

F (2.52, 70.50) = 102.22, p < 0.001, ηp
2 = 0.79 and Stimulus x Trial x Group: F (2.52, 70.50)  

< 1.46, p > 0.1). 

In contrast to the physiological data, administration of propranolol HCl on day 2 directly 

affected the US-expectancy ratings (Group: F (1,28) = 4.30, p < 0.05, ηp
2 = 0.13; Trial x 

Group: F (2.59, 72.65) = 2.68, p = 0.06, ηp
2 = 0.09). Planned comparisons showed that in 

the propranolol group participants gave higher US-expectancy ratings to CS1 at the end of 

non-differential extinction than in the placebo group (t (28) = 2.21, p < 0.05). US-expectancy 

ratings increased in both groups from the end of day 2 (e11, e12) to the start of day 3 (e1, e2) 

(Trial: F (1,28) = 83.84, p < 0.001, ηp
2 = 0.75; Group: F (1,28) = 4.17, p = 0.051, ηp

2 = 0.13, Trial 

x Group F (1, 28) = 1.44, p > 0.1). This main effect of Trial indicates a spontaneous recovery 

regarding the expectancy that CS1 would be followed by the US. In order to test whether non-

differential extinction training resulted in a reduction of differential US-expectancy ratings on 

day 3, we analyzed the end of acquisition (a1, a2) to the start of extinction training on day 3 

(e1, e2). This analysis resulted in a significant Stimulus x Trial x Group effect (F (1,28) = 7.29, 

p < 0.05, ηp
2 = 0.12). Although, both groups showed a reduction in differential expectancy 

ratings, this was more pronounced in the placebo group (CS x Trial, propranolol: F (1,14) = 

4.40, p = 0.055, ηp
2 = 0.24; placebo: F (1,14) = 22.98, p < 0.001, ηp

2 = 0.62). 

On day 3, both groups showed a gradual decrease in differentiation in US-expectancies 

between CS1 and CS2 (Stimulus x Trial: F (2.76, 77.18) = 65.34, p < 0.001, ηp
2 = .70). There 

was also a Stimulus x Group interaction (F (1,28) = 6.67, p < 0.05, ηp
2 = .19). Follow-up analyses 

revealed that during extinction training, both groups showed an overall differential expectancy 

for CS1 versus CS2 (propranolol: F (1,14) = 54.87, p < 0.001, ηp
2= .80; placebo: F (1,14) = 35.19, 

p < 0.001, ηp
2= .72). However, the difference in expectancy between CS1 and CS2 persisted in 

the propranolol group until the end of extinction (e11, e12) (Stimulus: F (1,14) = 15.74, p < 0.01, 

ηp
2 = 0.53) and extinguished in the placebo group (Stimulus: F (1,14) = 1.77, p > 0.1). 

Analysis of reinstatement from the end of extinction (e11, e12) to test (r1, r2) demonstrated 

an increase in differential expectancy after the three reminder shocks (Stimulus x Trial: F (1,28) 

= 5.09, p < 0.05, ηp
2 = 0.15). Furthermore, there was a significant Stimulus x Group interaction 

(F (1,28) = 11.06, p < 0.01, ηp
2 = 0.28). Follow-up analyses indicated an overall differential 

US-expectancy in the propranolol group (F (1,14) = 32.23, p < 0.001, ηp
2 = 0.70), but not 

in the placebo group (F (1,14) = 1.33, p > 0.1). An additional analysis for the propranolol 

group showed a differential increase in US-expectancy ratings from the end of extinction to test 

(Stimulus x Trial: (F (1,14) = 12.88, p < 0.01, ηp
2 = 0.48). 
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In conclusion, propranolol HCl directly impaired extinction learning for the US-expectancies.
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Figure 3.4 US-expectancy ratings (mean of 2 trials ± S.E.M.) during acquisition, non-differential 

extinction, differential extinction and reinstatement testing for the propranolol and placebo group.

Discussion

The present study examined the impact of noradrenergic blockade on fear reduction. In a 

three-day differential fear conditioning paradigm, participants received either propranolol HCl 

or placebo – double blind – before repeated unreinforced CS presentations. We tested whether 

propranolol HCl administration prior to unreinforced CS presentations interfered with extinction 

learning or extinction memory rather than with the reconsolidation of the initial fear memory. 

The results yielded no evidence for direct interference of propranolol HCl with extinction at the 

physiological level (i.e., startle response and skin conductance). Critically, propranolol HCl 

impaired extinction learning at the cognitive level (i.e., CS-US contingency). This finding has 

important theoretical as well as clinical implications. 

From a theoretical perspective our data contribute to a more detailed understanding of 

extinction as a possible boundary condition for the disruption of reconsolidation in humans. 

The current results are in sharp contrast to our previous reconsolidation studies that showed 

elimination of the startle fear response 24 h after noradrenergic blockade during a single 

unreinforced CS presentation (Kindt et al., 2009; Soeter & Kindt, 2010; 2011a). Instead of 

reactivation of the original fear memory (i.e., a single memory reactivation trial), recurrent 

unreinforced CS presentations may have led to the formation of a new inhibitory extinction 
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memory trace (i.e., CS-noUS association). The physiological data do not provide support for the 

claim that noradrenergic blockade directly affected extinction learning or extinction memory, 

as the observed differences between the propranolol and placebo group may alternatively be 

explained by a difference in responding to the control stimulus (i.e., startle response data). The 

augmented startle response to the control stimulus in the placebo group is remarkable and it 

remains unclear how this effect can be explained. 

The fact that we could not demonstrate impairments in extinction learning or extinction 

memory at a physiological level may be due to the experimental design. First of all, the dosage 

of propranolol HCl may have been too low to affect extinction learning or extinction memory. 

Animal studies that locally infused propranolol showed detrimental effects on extinction 

learning (Mueller et al., 2008), whereas studies that infused propranolol systemically did not 

(Cain et al., 2004; Rodriguez-Romaguera et al., 2009; but see, Ouyang & Thomas, 2005). Note 

that the degree to which propranolol HCl lowered blood pressure is also smaller than in our 

previous studies (Kindt et al., 2009; Soeter & Kindt, 2010; 2011a). 

Second, both groups showed a recovery of the startle fear response at the start of day 3, 

despite the extinction procedure at the previous day. Given the recovery of fear in the placebo 

group, the failure to observe a direct effect of propranolol HCl on retrieval of extinction learning 

may reflect a ‘ceiling effect’. Furthermore, this indicates that extinction memory was not long-

lasting and it cannot be excluded that with more extensive unreinforced CS1 presentations, 

extinction learning would be more robust and more or less sensitive to propranolol HCl 

interference. Note that the recovery of fear on day 3 in the placebo group illustrates that 

within session extinction is not related to beneficial treatment progress (Craske et al., 2008). 

Experimental research on the degree to which within-session extinction is consolidated over 

sessions (i.e., between session extinction) is however scarce and future research is needed to 

further examine the underlying mechanisms of this intriguing phenomenon. Another explanation 

for the recovery of startle fear potentiation on day 3 may be the explicit instructions that we 

utilized in our procedure (i.e., that one CS would be followed by the US, whereas the other CS 

would not). These relatively explicit instructions1 were given for two reasons: 1) to reduce the 

ambiguity of the control stimulus (CS2) for the subsequent testing days and 2) to ascertain a 

strong fear acquisition (i.e., awareness of the CS-US contingency at the end of acquisition) 

given that we are interested in the effects of propranolol HCl on fear reduction. However, our 

instructions may have resulted into an unintended delay in extinction learning and may have 

increased the recovery of the conditioned startle response at day 3. Furthermore, one may 

argue that not extinction memory, but the memory of the given instructions were affected 

1   Note that we did not instruct participants which stimulus was followed by the shock and which stimulus 
was not.
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by propranolol HCl. As both groups showed a similar US-expectancy rating at the start of 

non-differential extinction training at day 2, our findings cannot easily be explained by this 

alternative explanation. 

Third, it may be suggested that the non-differential extinction procedure on day 2 was 

not fully effective in inducing extinction learning, as we observed a parallel decrease in startle 

reactivity towards the CS1 and NA trials. This pattern could alternatively be interpreted as 

mere habituation. Even though we expected a stronger decrease in startle reactivity to CS1 

than NA trials, it should be noted that NA trials are a suboptimal control stimulus. The parallel 

decrease in startle reactivity for CS1 and NA trials may be due to habituation or a combination 

of habituation and extinction. Nevertheless, it seems unlikely that habituation alone can fully 

account for the observed response pattern as we demonstrate successful extinction learning 

at a cognitive level. All in all, propranolol HCl administration prior to repeated unreinforced 

CS presentations did not result in a reduction of the conditioned startle fear response, which 

is in sharp contrast with our previous findings of noradrenergic blockade prior to a single 

unreinforced CS presentation (Kindt et al., 2009; Soeter & Kindt, 2010; 2011a). Future studies 

should unravel whether propranolol HCl could also have a detrimental effect on extinction at 

a physiological level by increasing the dosage of propranolol HCl or intensifying extinction 

training on day 2. Yet, we expect that future research may rather benefit from improving the 

extinction procedure (i.e., more unreinforced CS1 presentations) than by increasing the dosage 

of propranolol HCl, as the current dosage proved already to be effective in impairing extinction 

learning at a cognitive level. Increasing the number of unreinforced CS1 presentations may be 

a solution for the observed suboptimal extinction learning and the recovery of fear 24 h later. 

Interestingly and contrary to the psychophysiological data, we found that propranolol HCl 

directly interfered with extinction training at a cognitive level (US expectancy) (day 2). These 

findings are inconsistent with our previous reconsolidation studies that did not reveal an effect 

of propranolol HCl on declarative knowledge. This discrepancy could be explained in terms 

of necessary conditions for updating memory. In our previous studies, participants did not 

learn anything about the CS-US contingency during the single unreinforced presentation of 

the feared stimulus (CS1). Given the partial reinforcement schedule of acquisition, and the 

fear-relevant stimuli as CSs (Mineka & Öhman, 2002), one unreinforced trial was not sufficient 

to induce new learning regarding the CS-noUS contingency (i.e., extinction). In line with other 

studies (de Quervain, Aerni, & Roozendaal, 2007; Tollenaar et al., 2009; but see, Kroes et al., 

2010), propranolol HCl did not directly impair the retrieval of the original CS-US association, 

as no fear-enhancing effect was observed during the first extinction trials following acquisition. 

The detrimental effects of propranolol HCl on extinction learning only became apparent during 

encoding of the repeated unreinforced CS presentations, which is in line with other studies on 
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propranolol HCl and encoding (e.g., Cahill, Gorski, & Le, 2003; van Stegeren et al., 2005). Thus, 

propranolol HCl seems to directly affect encoding of the unreinforced CS presentations and 

thereby affect extinction learning. Arousal and attention – that are modulated by noradrenergic 

signaling – may also account for this encoding deficit (see for reviews: Cahill & McGaugh, 

1998; McGaugh, 2004; Sara, 2000). However, if propranolol HCl would have affected attention 

and/or arousal processes during extinction learning, one would also expect to observe 

a group difference for electrodermal responding given that SCR may be considered as a 

specific index of arousal and attention (Bradley & Lang, 2000; Critchley, 2002). Furthermore, 

the impairment in declarative extinction learning survived a 24 h memory test, indicating that 

this effect was also consolidated. However it should be noted that reported US expectancy 

is not a direct measure of declarative fear memory, because US-expectancy ratings might 

additionally be affected by the experimental procedure as well as participant’s confidence in 

this procedure. Nevertheless, the current findings give a good impression of the possible role 

of the ß-adrenergic system in extinction learning at a cognitive level. 

To summarize, our findings demonstrate that noradrenergic blockade during repeated 

unreinforced CS-presentations has a different effect on cognitive and psychophysiological 

indices of fear. The current results reveal only a detrimental effect of propranolol HCl on 

extinction learning at a cognitive level. Future research is needed to replicate current findings 

and to elucidate the role of noradrenalin in distinct emotional memory systems. From a clinical 

perspective, our findings underscore the possible detrimental effects of propranolol HCl 

during prolonged retrieval of a fear memory. Disrupting reconsolidation of fearful memories 

seems to be a promising strategy for the treatment of anxiety-related disorders such as PTSD, 

phobias and drug addiction (e.g., Nader, 2003; Tronson & Taylor, 2007). Our data demonstrate 

a possible boundary condition for the disruption of reconsolidation through pharmacological 

manipulation. That is, during repeated retrieval of fear memory, noradrenergic blockade did 

not affect the reconsolidation process and thereby did not reduce the expression of fear. 

Conversely, it rather appeared to impair extinction learning. Note that in clinical practice the 

demarcation between reactivation and extinction is less controllable than in an experimental 

setting. If we are to target reconsolidation with pharmacological agents, careful selection of 

the timing parameters of memory retrieval is crucial in ensuring that extinction learning does 

not occur. The possibility of interference with the opposite memory trace than intended may 

not only apply to pharmacological manipulations aimed at disrupting reconsolidation, but also 

to manipulations aimed at facilitating extinction (e.g., Lee, Milton, & Everitt, 2006). Indeed, it 

cannot be ruled out that if and when repeated exposure fails to fully advance the formation 

of a new, inhibitory memory trace, pharmacological agents intended to facilitate extinction 

learning may inadvertently enhance fear by facilitating or strengthening the reconsolidation of 
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the initial fear memory. This again stresses the importance of a detailed understanding on the 

dynamic interplay between reactivation and extinction to make pharmacological amplification 

of psychotherapy feasible. 
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