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BODY: 
 
Animal research suggests that the retrieval (reactivation) of a consolidated memory returns it to a 
labile state from which it must be stabilized in order to persist [1]. This process, termed 
reconsolidation, involves mechanisms similar but not identical to those involved in consolidation 
[2]. Reconsolidation is largely demonstrated by its blockade, and derives support from 
experiments with a variety of species ranging from honeybees to humans [3;4]; in an assortment 
of experimental paradigms; and using a broad range of interventions, including systemic or 
localized drug administration [5], gene knockout [6], interference by new learning [4;7]; and 
manipulations of kinase activity [8;9]. The amnesia induced by blocking reconsolidation can be 
double-dissociated from extinction [10;11], and it is distinct from extinction in that it can be 
made to occur even when a reinforced trial is used to reactivate the memory [6;12], it does not 
show renewal after contextual shift [12], and it has a unique neurochemical signature [11]. Nader 
and Einarsson [13] provide a comprehensive review of the evidence for reconsolidation.  
 
According to a translational model of the pathogenesis of post-traumatic stress disorder (PTSD), 
a psychologically traumatic event stimulates excessive production of endogenous stress 
hormones. These hormones facilitate strong consolidation of the memory of the event, leading to 
a powerful and persistent memory that is readily activated [14]. In this model of PTSD, there 
exists a narrow window of time following the traumatic event, on the order of minutes to hours 
[15], during which the traumatic memory is unstable and certain agents might interfere with its 
consolidation. Animal and human data indicate that the memory-modulating effects of stress 
hormones are mediated by noradrenergic activity in the amygdala and can be opposed by a β-
adrenergic blocker such as propranolol [16]. Once the memory trace becomes stable, the window 
of opportunity is closed and β-adrenergic blockers can no longer exert their effects. Since most 
persons who develop PTSD are unlikely to receive clinical attention until long after this fleeting 
period of instability has elapsed, attempts to prevent PTSD by blocking consolidation of the 
traumatic memory have achieved limited success [17-20].  
 
If the window of opportunity for weakening the traumatic memory could be reopened after a 
patient has already developed PTSD, this might present a more clinically feasible opportunity for 
intervention. Administering a suitable drug during reactivation-induced destabilization could 
reduce the strength of a traumatic memory by blocking its reconsolidation in a manner similar to 
attenuating consolidation immediately following the traumatic event. In animals, consolidated 
memories for aversive tasks have been shown to become sensitive to β-blockade following 
reactivation. Specifically, administration of propranolol at this time has been found to reduce 
inhibitory avoidance [21] and auditory fear conditioning [5]. 
 
Recent preclinical studies examining reconsolidation blockade of conditioned fear memory in 
humans offer promise for the clinical application of such an intervention. Kindt and colleagues 
employed a three-session  (across three days) Pavlovian differential fear conditioning and 
reactivation procedure using images of spiders as conditioned stimuli [22]. These investigators 
found that administering propranolol along with memory reactivation blocked return of the 



6 
 

conditioned response, as measured by fear-potentiated startle, whereas the declarative memory 
of the fear association remained intact. Neither reactivation with placebo nor propranolol without 
reactivation produced this effect. Soeter and Kindt replicated these findings for potentiated 
startle, but not for skin conductance, as the dependent fear measure [23]. In a differential 
conditioning study, Schiller and colleagues showed that immediate, but not delayed, extinction 
following reconsolidation resulted in reduced skin conductance responses that did not show 
spontaneous recovery or reinstatement [24]. Although this study did not employ a 
pharmacological manipulation, the findings of Schiller et al. support the interpretation that a 
single presentation of the conditioned fear stimulus opens a window of lability during which fear 
memories may be altered through a reconsolidation-like mechanism. 
 
In a preliminary, placebo-controlled investigation of reconsolidation blockade in PTSD, Brunet 
and colleagues employed a validated psychophysiological script-driven imagery technique in 19 
subjects with PTSD resulting from various traumatic events [25]. Physiological responses during 
traumatic imagery have been shown to reliably discriminate PTSD from non-PTSD trauma-
exposed individuals [26]. Subjects underwent a script preparation procedure that entailed 
describing their traumatic event, which served to reactivate its memory. Immediately thereafter 
they received propranolol or placebo. A week later they engaged in script-driven mental imagery 
of their traumatic event while heart rate, skin conductance, and left corrugator electromyogram 
were measured. In comparison to the placebo subjects, overall physiological responding during 
mental imagery of the traumatic event was significantly smaller in the subjects who had received 
post-reactivation propranolol a week earlier, suggesting that the traumatic memory had been 
weakened. These results are consistent with reconsolidation blockade. However, a limitation of 
this study was that it did not include a non-reactivation propranolol group; consequently, the 
possibility that non-specific actions of propranolol were responsible for the effect cannot be 
ruled out. 
 
The first aim of the present study was to investigate whether propranolol administered with 
memory reactivation weakens traumatic memories associated with combat-related PTSD. The 
second aim was to rule out the possibility that such an effect, if found, is due to non-specific 
actions of this drug. We hypothesized that subjects who underwent combat-script preparation 
accompanied by propranolol (reactivation propranolol, RP) would show smaller 
psychophysiological responses during script-driven imagery testing a week later compared to 
those who received propranolol in the absence of the script preparation procedure (non-
reactivation propranolol, NRP).  

 
METHODS 
 
Subjects  
 
Recruitment and inclusion criteria. Research subject candidates were male veterans ages 24 to 64 
who had received a clinical diagnosis of combat-related PTSD. They were drawn from referrals 
from the VA Medical Centers in Bedford, MA and Manchester, NH, as well as from 
advertisements in the media [27]. 
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Exclusion criteria. Prior to enrollment, subject candidates were clinically screened and excluded 
if they had a current psychotic, bipolar I, or melancholic disorder; a current substance 
dependence disorder (however four subjects turned out to have positive urines, as described 
below); a medical condition that contraindicated the administration of propranolol, e.g., 
congestive heart failure, diabetes, chronic bronchitis, or emphysema; a history of an asthmatic 
attack within the past ten years, a history of an asthmatic attack precipitated by a β-adrenergic 
blocker at any time, or currently being treated for asthma regardless of when last attack occurred; 
previous adverse reaction to, or non-compliance with, a β-adrenergic blocker; pregnant or breast 
feeding; initiation of, or change in, psychotropic medication within one month prior to 
recruitment; current use of a medication that may have dangerous interactions with propranolol, 
e.g., other β-adrenergic blockers, antiarrhythmics, and calcium channel blockers; and resting 
heart rate <60 beats per minute or resting systolic blood pressure <100 mmHg.  
 
Ethical approval and informed consent. After a full explanation of the study procedures, which 
were approved by the Partners Human Research Committee, the Manchester/Bedford VA 
Medical Centers Human Studies Subcommittee, and the U.S. Army Medical Research and 
Materiel Command Human Research Protection Office, subjects gave written informed consent. 
 
 
Study medication 
 
Propranolol hydrochloride is a non-selective synthetic β1- and β2-adrenoreceptor antagonist that 
crosses the blood brain barrier. On Day 0 and Day 2 (see below), we administered a first dose of 
0.67 mg/kg short-acting (SA) oral propranolol or placebo (rounded to the nearest 10 mg). If the 
SA dose was well-tolerated (which it was in all subjects), and if systolic blood pressure had not 
decreased by more than 10 mm Hg to below a level of 100 mmHg (which did not happen in any 
subject), 90 minutes later 1 mg/kg of long-acting (LA) oral propranolol or placebo (rounded to 
the nearest 20 mg) was administered. As in Kindt et al. [22] and Soeter and Kindt [23], subjects 
were given the drug 90 minutes prior to memory retrieval to allow propranolol to reach peak 
plasma concentration before reactivation [28]. The study medication was well-tolerated by 
subjects. 
 
Equipment and physiological measures 
 
A Coulbourn Lablinc V Human Measurement System (Coulbourn Instruments, Allentown, 
Pennsylvania) was used to record physiologic analog signals, including heart rate (HR), skin 
conductance (SC), and electromyogram (EMG) of the left corrugator and left frontalis facial 
muscles. Interbeat interval was recorded via standard limb electrocardiogram leads connected to 
a High Gain Bioamplifier (V75-04) and converted to HR. SC was measured by a Coulbourn 
Isolated Skin Conductance coupler (V71-23) using a constant 0.5 V through 9 mm (sensor 
diameter) Invivo Metric Ag/AgCl electrodes placed on the hypothenar surface of the subject's 
non-dominant hand in accordance with published guidelines [29]. The SC electrodes were 
separated by 14 mm, as determined by the width of the adhesive collar. For EMG recordings, the 



8 
 

skin was lightly abraded, and 4 mm (sensor diameter) Invivo Metric Ag/AgCl electrodes filled 
with electrolyte paste were placed over the corrugator and frontalis muscle sites according to 
published specifications [30]. The EMG was amplified by a Coulbourn High Gain Bioamplifier 
(V75-04), filtered so as to retain the 90 to 1000 Hz frequency range, and integrated by a 
Coulbourn Contour Following Integrator (V76-23A) with a 200 ms time constant. Physiologic 
analog signals were digitized by a Coulbourn analog to digital converter (V19-16). A Cobalt 
notebook computer (IBM-compatible) with custom-designed software was used to sample and 
store the digitized physiological signals. 
 
Procedures 
 
On Day 0, subjects randomized to the NRP group received propranolol, whereas subjects 
randomized to the RP group received matching placebo capsules. All subjects then viewed an 
emotionally neutral movie. By design, subjects were not permitted to discuss their combat events 
or PTSD symptoms on Day 0 to reduce the chances of traumatic memory reactivation. 
 
On Day 2, subjects randomized to the RP group received propranolol, whereas subjects 
randomized to the NRP group received placebo. All subjects then underwent a “script 
preparation” session [31] in which an investigator elicited five discrete personal memories, 
including two traumatic combat experiences, a stressful non-combat experience, a positive 
experience, and a neutral one. Subjects were asked to describe each experience in writing on a 
standard form. The subject then selected from a list of bodily responses those that accompanied 
the experience. The investigator later composed a script approximately 30 seconds in duration 
portraying each experience in the second person present tense and incorporating up to five of the 
selected bodily responses. Subjects also completed a baseline Impact of Event Scale-Revised 
(IES-R; [32]) for each of their five personal events separately. A psychologist administered the 
Clinician-Administered PTSD Scale: Current and Lifetime Diagnosis Version (CAPS-DX; [33]) 
to verify the presence of current, combat-related PTSD, and the Structured Clinical Interview for 
DSM-IV (SCID; [34]) to evaluate the presence of any other Axis I comorbidity. The CAPS-DX 
and SCID were not administered prior to subject enrollment on Day 0 so as not to reactive the 
traumatic memory prematurely. 
  
Subjects returned on Day 8 for the script-driven imagery testing session [31]. Prior to this 
testing, urine samples were collected and then sent for analysis of substances of abuse. The 
psychophysiological testing occurred in a sound-attenuated laboratory. After the subject was 
seated in a comfortable armchair and recording electrodes were attached, he listened to 2 
minutes of relaxation instruction. The subject then sat quietly for 5 minutes. He then listened to 
eleven stimulus scripts presented sequentially in pseudorandom order, which consisted of the 
five personal scripts prepared on Day 2 and six standard scripts. Standard scripts included two 
neutral experiences, two hypothetical fear experiences (public speaking and locked in a sauna), a 
positive experience, and an action experience. Each script presentation consisted of four 
sequential 30-second periods: baseline, listening, imagery, and recovery. The subject was 
instructed to listen carefully during the playing of each script as it was presented (listening 
period) and at the end of the script to continue imagining the event portrayed from beginning to 
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end, as if it were happening again (imagery period) until he heard a tone. He was further 
instructed to stop imagining the script at the tone and to relax (recovery period) until a second 
tone was heard. The baseline period for the next script began after a rest period of 90 seconds or 
when the subject’s heart rate (HR) had returned to within 5% of its value during the previous 
baseline period, whichever was longer. The rest period did not exceed 3 minutes following any 
script in any subject. Following the script-driven imagery procedure, subjects again completed 
IES-R ratings for each of the five personal events that they narrated on Day 2. 
 
Data reduction 
 
Response scores for each physiological measure for each script were calculated by subtracting 
the 30-second baseline period mean from the 30-second imagery period mean. Responses to the 
two traumatic scripts were averaged and square-root transformed prior to analysis. An a priori 
discriminant function derived from the HR, SC, and corrugator EMG responses during personal 
traumatic imagery of reference samples of previously studied individuals with and without PTSD 
using the same technique was used to calculate each subject’s posterior probability of being 
classified with PTSD. This posterior probability served as a composite measure of overall 
physiological responding during script-driven traumatic imagery, eliminating the need for 
multivariate analyses of physiological responses in the small samples studied. (In cases in which 
one of these three physiological measures was missing due to technical failure, the physiological 
probability was calculated on the basis of the remaining two.) Additionally, discriminant 
function analyses of the references samples yielded optimal PTSD cut-offs for each response 
variable [35]. Each subject’s baseline and outcome IES-R ratings were also averaged for their 
two traumatic combat scripts. IES-R change scores were calculated by subtracting the Day 8 
IES-R total score from the Day 2 IES-R total score.  
 
Statistical analysis 
 
Between-group Student’s t-tests were performed for all outcome measures. For our measure of 
primary interest, namely overall physiological responding (posterior probability), the threshold 
for statistical significance was p< 0.05. We selected a priori a group difference of 0.20 as 
clinically meaningful. Based upon prior work, we estimate the standard deviation of posterior 
probability in PTSD subjects to be 0.21.  Therefore, a between-group effect size of d=0.95 for 
posterior probability was considered meaningful. For each univariate physiological response 
measure, the Bonferroni-corrected significance threshold was 0.0125. Finally for our secondary 
outcome measure, namely change in Impact of Event Scale Score, the threshold for statistical 
significance was also p< 0.05.  
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RESULTS 

Randomization, adverse events, drop-outs, and subjects excluded from data analysis 

Twelve subjects were randomized to the RP group, and eleven to the NRP group. One subject in 
the RP group was withdrawn from the study following his relapse into opioid abuse following 
his Day 2 participation. This relapse was attributed to the stress of narrating his traumatic event, 
although the subject had a prior history of numerous alternating episodes of abstinence and 
relapse. Following this incident, any substance dependence within a year prior to study 
participation was added as an exclusion criterion. One RP subject and one NRP subject dropped 
out following their Day 2 participation; these drop-outs were also was attributed to the stress of 
narrating their traumatic events. Two subjects in the NRP group did not meet PTSD diagnostic 
criteria as determined by the CAPS on Day 2. Data from all these subjects were excluded from 
the analysis. 
 
Subject characteristics 
 
As shown in the top part of Table 1, there were no significant differences in age, baseline IES-R 
rating, or CAPS score between the two groups. Current comorbid mental disorders according to 
the SCID included: RP group: major depressive disorder (MDD, n=2), panic disorder (n=2), 
simple phobia (n=2), social phobia (n=2), bipolar II (n=1), generalized anxiety disorder (n=1); 
NRP group: MDD (n=4), panic disorder (n=1), social phobia (n=1), obsessive-compulsive 
disorder (n=1).  
 
Outcome measures 
 
The correlation between Day 2 total CAPS score and Day 8 physiological probability score 
across both groups was r=0.45, n=17; p=0.07. The group difference in Day 8 physiological 
PTSD probability score, a measure of overall arousal during script-driven imagery, was not 
significant. With the successful recruitment of only 10 usable subjects in the reactivation 
propranolol group and only 8 usable subjects in the non-reactivation propranolol group, our 
study conferred 61% power to test this group difference. According to the upper 95% confidence 
limit shown in Table 1, the posterior probability of PTSD patients treated with reactivation 
propranolol could be no more than 0.06 lower than the posterior probability in PTSD patients 
treated with non-reactivation propranolol. Given our a priori choice of 0.20 as the minimum 
clinically significant group difference in posterior probabilities, we can conclude that RP is not 
superior to NRP in this design. In contrast, the lower confidence limit of -0.31 means that we 
cannot reject the possibility that NRP is superior to RP, even though we neither predicted nor 
proved (p=0.17) this. There were no significant group differences on any univariate 
physiological response measure. 
 
The IES-R change score was in the positive direction (decrease in score) for the NRP group and 
in the negative direction (increase in score) for the RP group, but neither of these within-group 
changes was significant (p=0.18 and p=0.34, respectively). Moreover, the group difference in 
IES-R change score was not significant. These findings are summarized in Table 1. Inspection of  



Table 1. Group Means (standard deviations) and Statistical Contrasts for Baseline and Outcome Measures

NR Propranolol R Propranolol
Baseline Measures

Outcome Measures

n = 8 n = 10 df,     t,      p
Difference
in Means

95% Confidence 
Interval

Age 33.3 (11.5) 38.7 (14.9) 16,  -0.85, 0.41 -5.4 -19.0 to 8.1
Day 2 IES-R Score 43.3 (14.2) 45.0 (18.3) 16,  -0.22, 0.83 -1.7 -18.5 to 15.0
Clinician Admin PTSD Scale 58.6 (14.8) 62.7 (13.7) 16,  -0.61, 0.55 -4.1 -18.4 to 10.2

Day 8 IES-R Score 34.3 (15.8) 51.8 (39.2) 13, -2.06,  0.06 -17.5 -35.9 to 0.9
Change in Impact of Event Scale 8.2 (13.0) -4.5 (13.2) 13, 1.83, 0.09 12.7 -2.3 to 27.6
Physiological PTSD probability 
score

0.32 (.22) 0.45 (.30) 15, -1.45,  0.17 -12.7 -0.31 to 0.06

   Heart rate response (BPM)* 0.82 (-0.18) 0.76 (-0.52) 15, 0.08, 0.93 0.06 -1.6 to 1.7
   Skin conductance response (µS)* 0.19 (0.85) 0.43 (0.64) 15, -0.65,  0.53 -0.24 -1.0 to 0.53
   Frontalis EMG response (µV)* 0.01 (0.66) 0.65 (0.77) 15, -1.79, 0.09 -0.64 -1.4 to 0.1
   Corrugator EMG response (µV)* 0.54 (0.64) 0.78 (1.37) 15, -.043, 0.67 -0.24 -1.3 to 0.8
n=sample size; df=degrees of freedom (where lower than expected according to sample sizes, this is due to missing data); 

t=Student’s t; p=statistical probability level; 
NR=Non-reactivation, R=reactivation; PTSD=Posttraumatic stress disorder; Physiological PTSD probability score=posterior 

probability of classification in PTSD reference group, which is an  measure of overall physiological responding during 
script-driven traumatic imagery  (see text for explanation); 

BPM=beats per minute; µS=microsiemens; µV=microvolts
Note: All physiological responses are square-root transformed
*Empirical cut-offs for PTSD are: Heart rate response 1.85 BPM; Skin conductance response 0.50 µS; Frontalis EMG response

0.83 µV; Corrugator EMG response 1.48 µV

a priori
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the confidence intervals suggests the same conclusions as for physiological posterior probability, 
i.e., that we can reject the possibility that RP is superior to NRP in producing symptom  
improvement because a group difference in IES-R change of 2.3 would not be regarded as 
clinically meaningful. However, we cannot reject the possibility that NRP is superior to RP 
because a group difference of 27.6 would be meaningful. 
 
According to urine testing on Day 8, four subjects were found to be taking one or more 
potentially confounding substances, including opiates, barbiturates, and methadone, at the time 
of the script-driven imagery procedure. When the analyses were repeated excluding these 
subjects, the group means for posterior probability score became nearly identical: NRP n=6, 
M=0.32, SD=0.12; RP n=7, M=0.32, 0.04; group difference M=-0.00, SD=0.08, 95% confidence 
interval=-0.12 to 0.12, p=0.98. In contrast, the group difference in IES-R change scores widened: 
NRP n=5, M=10.1, SD=13.5; RP n=6, M=-11.4, SD=9.8; group difference M=21.5, SD=11.6, 
95% confidence interval=5.6 to 37.4, p=0.01; however this latter significant result is qualified by 
the small sample sizes and unpredicted direction of the group difference.  
 
DISCUSSION 
 
This study aimed to replicate and extend earlier findings that propranolol accompanying 
traumatic memory reactivation weakens psychophysiological responding during subsequent 
mental imagery of the traumatic event [25]. In an earlier study, subjects were randomized to 
receive either post-reactivation propranolol or post-reactivation placebo; the investigators did not 
include a control group that received propranolol in the absence of memory reactivation. This 
left open the possibility that the observed fear-weakening effect of propranolol might have been 
due to non-specific actions of the drug. The present study addressed this question by using a 
control group that received propranolol in the absence of traumatic memory activation and 
contrasting it with a group that combined propranolol with memory reactivation. The results 
indicated no significant differences between these two groups, either with respect to subsequent 
psychophysiological responses during script-driven traumatic imagery or change in PTSD 
symptoms. In fact, the results trended in the direction opposite to predicted. Inspection of 
confidence intervals allowed us to rule out Type II error and conclude that reactivation 
propranolol is not superior to non-reactivation propranolol in either producing lower 
physiological responses during traumatic imagery or in reducing self-reported PTSD symptoms. 
However, we could not rule out the possibility that non-reactivation propranolol is superior to 
reactivation propranolol in both regards, although why the former should be superior to the latter 
is unclear.  
 
The univariate psychophysiological responses of the reactivation propranolol group in the 
present study were only slightly higher than those exhibited by the post-reactivation propranolol 
group in the previous study [25], and they were below the normative cutoffs for PTSD as noted 
in Table 1.  
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However, in contrast to the previous study that employed a reactivation placebo group, the 
univariate psychophysiological responses of the present non-reactivation propranolol control 
group were also below the PTSD cutoffs. In other words, both groups showed small 
psychophysiological responses. This pattern of findings suggests that the putative fear-
weakening effect of propranolol may not be mediated by a reconsolidation mechanism.  
 
The reliability of above inference is limited not only by the small sample sizes but also by 
several possible interpretations of the results. If the subjects believed that merely receiving 
propranolol would alleviate their symptoms, this expectancy effect may have been reflected in 
the low psychophysiological reactivity in the non-reactivation propranolol group. Importantly, 
the present results might also be explained if we happened to have recruited non-reactive 
subjects in both groups, which if true would not have provided a suitable test of the hypothesis. 
A second control group in which subjects received placebo on both non-reactivation Day 0 and 
reactivation Day 2 would have controlled for these two possibilities. Inclusion of such a group 
would be important in future studies. Assessing baseline psychophysiological reactivity prior to 
Day 0 might also have ruled out the latter explanation. However, baseline psychophysiological 
reactivity was not assessed so as to avoid both reactivating the traumatic memory in the control 
group, and habituating the subject to the script-driven imagery procedure. Another possible 
interpretation of the results is that, although the non-reactivation propranolol subjects watched an 
emotionally neutral movie on Day 0, they nevertheless may have recalled (reactivated) their 
traumatic events on that day merely by coming to participate in a PTSD research project, or in 
anticipation of narrating them on Day 2. The study was designed to minimize this possibility by 
not permitting any discussion of traumatic events or PTSD symptoms on Day 0. 
 
Cohort demographics also differed between the previous and present studies. Specifically, the 
present study recruited only male subjects whereas the previous study included both men and 
women [25]. A post-hoc analysis of the earlier study’s data revealed that women given post-
reactivation propranolol tended to show lower posterior probabilities than men given propranolol 
(A. Brunet, personal communication, 2010). Female sex hormones have been shown to affect 
activity in the basolateral amygdala, a region implicated in conditional fear learning [36-39]. 
These considerations suggest that the effect of propranolol on reconsolidation may differ 
between men and women, which is a question that warrants further exploration. 
 
The timing of propranolol administration in relation to memory reactivation also differed 
between the previous and present studies. In the earlier study, propranolol was administered 
following memory retrieval [25]. In the present study, a short-acting dose was given 90 minutes 
prior to retrieval to ensure that drug plasma levels would peak during reactivation. Propranolol 
administered 90 minutes prior to reactivation of a fear memory has been shown to successfully 
eliminate the conditioned fear response in normal humans while preserving the declarative 
memory for the contingency between the conditioned and unconditioned stimulus [22;23]. 
However, by suppressing the conditioned fear response, early administration of propranolol may 
have precluded subsequent reconsolidation blockade of this component of the fear memory.  
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It should be noted that, according to the pre-and post-intervention IES-R data, reactivation 
propranolol conferred no clinical benefit in this study despite both groups showing relatively low 
psychophysiological reactivity to the combat trauma scripts. The present results illustrate that 
translating reconsolidation blockade into clinical applications will not be simple or 
straightforward. More research is needed to search for potent pharmacological agents and 
administration paradigms that confer lasting clinical benefit by disrupting the fear component of 
the memory trace. Even if such efforts are successful, it is important that studies incorporate 
sufficient controls and sample sizes to support the inference that reconsolidation blockade is the 
mechanism underlying those effects.  
  
REFERENCES 
 
 [1]  Nader K, Schafe GE, Le Doux JE. Fear memories require protein synthesis in the amygdala 

for reconsolidation after retrieval. Nature 2000 Aug 17;406(6797):722-6. 

 [2]  Lee JL, Everitt BJ, Thomas KL. Independent cellular processes for hippocampal memory 
consolidation and reconsolidation. Science 2004 May 7;304(5672):839-43. 

 [3]  Stollhoff N, Menzel R, Eisenhardt D. One retrieval trial induces reconsolidation in an 
appetitive learning paradigm in honeybees (Apis mellifera). Neurobiol Learn Mem 2008 
May;89(4):419-25. 

 [4]  Hupbach A, Gomez R, Hardt O, Nadel L. Reconsolidation of episodic memories: a subtle 
reminder triggers integration of new information. Learn Mem 2007 Jan;14(1-2):47-53. 

 [5]  Debiec J, Ledoux JE. Disruption of reconsolidation but not consolidation of auditory fear 
conditioning by noradrenergic blockade in the amygdala. Neuroscience 2004;129(2):267-
72. 

 [6]  Bozon B, Davis S, Laroche S. A requirement for the immediate early gene zif268 in 
reconsolidation of recognition memory after retrieval. Neuron 2003 Nov 13;40(4):695-701. 

 [7]  Walker MP, Brakefield T, Hobson JA, Stickgold R. Dissociable stages of human memory 
consolidation and reconsolidation. Nature 2003 Oct 9;425(6958):616-20. 

 [8]  Duvarci S, Nader K, Ledoux JE. Activation of extracellular signal-regulated kinase- 
mitogen-activated protein kinase cascade in the amygdala is required for memory 
reconsolidation of auditory fear conditioning. Eur J Neurosci 2005 Jan;21(1):283-9. 

 [9]  Tronson NC, Wiseman SL, Olausson P, Taylor JR. Bidirectional behavioral plasticity of 
memory reconsolidation depends on amygdalar protein kinase A. Nat Neurosci 2006 
Feb;9(2):167-9. 

[10]  Eisenberg M, Kobilo T, Berman DE, Dudai Y. Stability of retrieved memory: inverse 
correlation with trace dominance. Science 2003 Aug 22;301(5636):1102-4. 



15 
 

[11]  Suzuki A, Josselyn SA, Frankland PW, Masushige S, Silva AJ, Kida S. Memory 
reconsolidation and extinction have distinct temporal and biochemical signatures. J 
Neurosci 2004 May 19;24(20):4787-95. 

[12]  Duvarci S, Nader K. Characterization of fear memory reconsolidation. J Neurosci 2004 Oct 
20;24(42):9269-75. 

[13]  Nader K, Einarsson EO. Memory reconsolidation: an update. Ann N Y Acad Sci 2010 
Mar;1191(1):27-41. 

[14]  Pitman RK. Post-traumatic stress disorder, hormones, and memory. Biol Psychiatry 1989 
Jul;26(3):221-3. 

[15]  Dudai Y. The neurobiology of consolidations, or, how stable is the engram? Annu Rev 
Psychol 2004;55:51-86. 

[16]  McGaugh JL. The amygdala modulates the consolidation of memories of emotionally 
arousing experiences. Annu Rev Neurosci 2004;27:1-28. 

[17]  Pitman RK, Sanders KM, Zusman RM, Healy AR, Cheema F, Lasko NB, et al. Pilot study 
of secondary prevention of posttraumatic stress disorder with propranolol. Biol Psychiatry 
2002 Jan 15;51(2):189-92. 

[18]  Vaiva G, Ducrocq F, Jezequel K, Averland B, Lestavel P, Brunet A, et al. Immediate 
treatment with propranolol decreases posttraumatic stress disorder two months after 
trauma. Biol Psychiatry 2003 Nov 1;54(9):947-9. 

[19]  Hoge EA, Worthington JJ, Nagurney JT, Chang Y, Kay EB, Feterowski CM, et al. Effect 
of Acute Post-Trauma Propranolol on PTSD Outcome and Physiological Responses During 
Script-Driven Imagery.  2010.  

Ref Type: Unpublished Work 

[20]  Holmes EA, James EL, Coode-Bate T, Deeprose C. Can playing the computer game 
"Tetris" reduce the build-up of flashbacks for trauma? A proposal from cognitive science. 
PLoS One 2009;4(1):e4153. 

[21]  Przybyslawski J, Roullet P, Sara SJ. Attenuation of emotional and nonemotional memories 
after their reactivation: role of beta adrenergic receptors. J Neurosci 1999 Aug 
1;19(15):6623-8. 

[22]  Kindt M, Soeter M, Vervliet B. Beyond extinction: erasing human fear responses and 
preventing the return of fear. Nat Neurosci 2009 Mar;12(3):256-8. 

[23]  Soeter M, Kindt M. Dissociating response systems: erasing fear from memory. Neurobiol 
Learn Mem 2010 Jul;94(1):30-41. 



16 
 

[24]  Schiller D, Monfils MH, Raio CM, Johnson DC, Ledoux JE, Phelps EA. Preventing the 
return of fear in humans using reconsolidation update mechanisms. Nature 2010 Jan 
7;463(7277):49-53. 

[25]  Brunet A, Orr SP, Tremblay J, Robertson K, Nader K, Pitman RK. Effect of post-retrieval 
propranolol on psychophysiologic responding during subsequent script-driven traumatic 
imagery in post-traumatic stress disorder. J Psychiatr Res 2008 May;42(6):503-6. 

[26]  Orr SP, Metzger LJ, Pitman RK. Psychophysiology of post-traumatic stress disorder. 
Psychiatr Clin North Am 2002 Jun;25(2):271-93. 

[27]  American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders.  
Fourth Edition, Text Revision. Washington, D.C.: American Psychiatric Press; 2000. 

[28]  Gilman AG, Goodman LS. Goodman and Gilman's: the pharmacological basis of 
therapeutics. New York: McGraw-Hill; 1996. 

[29]  Fowles DC, Christie MJ, Edelberg R, Grings WW, Lykken DT, Venables PH. Committee 
report. Publication recommendations for electrodermal measurements. Psychophysiology 
1981 May;18(3):232-9. 

[30]  Fridlund AJ, Cacioppo JT. Guidelines for human electromyographic research. 
Psychophysiology 1986 Sep;23(5):567-89. 

[31]  Pitman RK, Orr SP, Forgue DF, de Jong JB, Claiborn JM. Psychophysiologic assessment 
of posttraumatic stress disorder imagery in Vietnam combat veterans. Arch Gen Psychiatry 
1987 Nov;44(11):970-5. 

[32]  Weiss DS, Marmar CR. The Impact of Event Scale—Revised. In: Wilson JP, Keane TM, 
editors. Assessing Psychological Trauma and PTSD: A Handbook for Practitioners.New 
York: Guilford Press; 1997. p. 399-411. 

[33]  Blake DD, Weathers FW, Nagy LM, Kaloupek DG, Gusman FD, Charney DS, et al. The 
development of a Clinician-Administered PTSD Scale. J Trauma Stress 1995 Jan;8(1):75-
90. 

[34]  First MB, Spitzer RL, Gibbon M, Williams JBW. Structured Clinical Interview for DSM-
IV-TR Axis I Disorders, Research Version, Patient Edition. (SCID-I/P). New York, NY: 
Biometrics Research, New York State Psychiatric Institute; 2007. 

[35]  Orr SP, McNally RJ, Rosen GM, Shalev AY. Psychophysiological reactivity: implications 
for conceptualizing PTSD. Posttraumatic Stress Disorder: Issues and Controversies.New 
York: John Wiley & Sons, Ltd.; 2004. p. 101-26. 



17 
 

[36]  Womble MD, Andrew JA, Crook JJ. 17beta-Estradiol reduces excitatory postsynaptic 
potential (EPSP) amplitude in rat basolateral amygdala neurons. Neurosci Lett 2002 Oct 
11;331(2):83-6. 

[37]  Rodrigues SM, Sapolsky RM. Disruption of fear memory through dual-hormone gene 
therapy. Biol Psychiatry 2009 Mar 1;65(5):441-4. 

[38]  Milad MR, Igoe SA, Lebron-Milad K, Novales JE. Estrous cycle phase and gonadal 
hormones influence conditioned fear extinction. Neuroscience 2009 Dec 15;164(3):887-95. 

[39]  Milad MR, Zeidan MA, Contero A, Pitman RK, Klibanski A, Rauch SL, et al. The 
influence of gonadal hormones on conditioned fear extinction in healthy humans. 
Neuroscience 2010 Jul 14;168(3):652-8. 

 
 
REPORTABLE OUTCOMES: 
 
A manuscript reporting the above results is currently under review. 
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