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Abstract

After exposure to a traumatic event, a subset of people develop posttraumatic stress disorder 

(PTSD). One of the key deficits in PTSD is regulation of fear, and impaired inhibition of fear-

potentiated startle has been identified as a potential physiological biomarker specific to PTSD. As 

part of a larger clinical trial, this study investigated the effects of a CRF receptor 1 antagonist, 

GSK561679, on inhibition of fear-potentiated startle during a conditional discrimination fear-

conditioning paradigm, termed AX+/BX-. Prior research using this paradigm has demonstrated 

deficits in inhibition of conditioned fear in several PTSD populations. The randomized, double-

blind, placebo-controlled clinical trial compared fear inhibition between female PTSD participants 

taking 350 mg/day GSK561679 (n = 47 pre, and 29 post treatment) and patients taking a placebo 

pill (n = 52 pre, and 30 post treatment) daily for six weeks. There was no significant difference 

between the two groups in their acquisition of fear or discrimination between threat and safety 

cues, and no pre-post treatment effect on these measures. However, there was a significant effect 
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of treatment on inhibition of FPS during the AB trials in the AX+/BX- transfer test (p < 0.05). 

While all PTSD participants showed typical impairments in fear inhibition prior to treatment, 

GSK561679 enhanced fear inhibition post-treatment, independent of clinical effects. The current 

study suggests that CRF receptor 1 antagonism may have specific effects within neural circuitry 

mediating fear inhibition responses, but not overall symptom presentation, in PTSD.

1. Introduction

Posttraumatic stress disorder (PTSD) is a debilitating psychiatric disorder that can develop 

in individuals who experience a severe or life-threatening event, such as combat, assault, or a 

natural disaster. PTSD symptoms include re-experiencing the event, avoidance of reminders, 

negative affect and cognitions, and increased reactivity and irritability. While this is a 

heterogeneous clinical disorder, it has been shown to be associated with physiological 

measures of fear expression and fear inhibition (Jovanovic & Norrholm, 2016). These 

measures can be captured experimentally, providing intermediate phenotypes which can 

serve as biomarkers of treatment effects. Psychophysiological measures such as skin 

conductance, heart rate, and startle response have been successfully used as measures of 

treatment effects for psychotherapy (Robison-Andrew et al., 2014; Rothbaum et al., 2014; 

Wangelin & Tuerk, 2015). However, fear inhibition has not previously been used to assess 

the biological effects of treatment.

Fear and anxiety can easily be measured in humans using psychophysiological tools. The 

present study utilized the acoustic startle response during fear conditioning to assess fear-

related phenotypes. The startle response is increased in the presence of fear eliciting stimuli, 

known as fear-potentiated startle, which can be measured across mammalian species (Myers 

et al., 2009). Fear-potentiated startle (FPS) has been shown to be associated with PTSD in a 

number of fear conditioning paradigms (Grillon & Morgan, 1999; Jovanovic, Norrholm, 

Blanding, Davis, et al., 2010; Jovanovic et al., 2009; Morgan, Grillon, Southwick, Davis, & 

Charney, 1995). FPS can be used in Pavlovian fear conditioning in which a conditioned 

stimulus (CS) comes to predict the occurrence of an aversive unconditioned stimulus (US). 

This conditioned fear response can be inhibited in paradigms involving safety signal 

learning, discrimination between cues predicting threat and safety, or fear extinction; these 

processes are often impaired in anxiety disorders, including PTSD (Duits et al., 2015; 

Jovanovic & Ressler, 2010; Norrholm et al., 2011). The ability to inhibit FPS in the presence 

of safety can be tested using a conditional discrimination paradigm, termed AX+/BX-, in 

which safety (B) transfers inhibitory properties to a threatening cue (A), reducing fear to a 

compound of the two stimuli (AB), Figure 1. This paradigm is adapted from an animal 

model of fear inhibition and attempts to disentangle fear potentiation and fear inhibition 

(Myers & Davis, 2004), and has pointed to impaired fear inhibition as a potential 

physiological biomarker specific to PTSD, relative to comorbid depression, in combat and 

civilian cohorts (Jovanovic, Kazama, Bachevalier, & Davis, 2012; Sijbrandij, Engelhard, 

Lommen, Leer, & Baas, 2013). A study using this paradigm found a positive correlation 

between levels of hypothalamus-pituitary-adrenal (HPA) axis hormones and FPS in PTSD 

patients (Jovanovic, Norrholm, Blanding, Phifer, et al., 2010). These data indicate a direct 

relationship between these neuroendocrine factors and startle, such that manipulation of the 
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HPA axis could alter these psychophysiological responses. As such, fear inhibition could be 

mediated by PTSD treatments targeting the HPA axis.

Currently, pharmacological treatment for PTSD is limited, and very little progress has been 

made over the last decade as no new medications have shown convincing efficacy based on 

the most recent Institute of Medicine report (Medicine, 2014). According to published 

guidelines, selective serotonin reuptake inhibitors (SSRIs) are the first-line pharmacological 

agents used to treat PTSD, but the magnitude of the treatment effect of SSRIs for PTSD is 

debated (Forbes et al., 2010). Possible new alternatives to current medications include drugs 

that target components of the HPA axis, particularly corticotropin releasing factor (CRF), 

which could also impact fear inhibition. PTSD patients have higher levels of CRF, both in 

blood plasma and in cerebrospinal fluid (Baker et al., 1999; Bremner et al., 1997; De Kloet 

et al., 2007). Animal studies have shown that administration of a CRF receptor antagonist 

reduces freezing in rodents after a fear-conditioning paradigm (Deak et al., 1999). More 

specifically, mice with a silenced CRF receptor 1 gene display a decreased biological and 

physiological anxiety response during a physical-restraint stressor (Smith et al., 1998). A 

single nucleotide polymorphism (SNP) in same CRFR1 gene in humans, rs110402, has been 

implicated in patients with PTSD who have been exposed to childhood trauma (Bradley et 

al., 2008). Suppression of the HPA axis with a synthetic glucocorticoid, dexamethasone, also 

reduces exaggerated FPS (Jovanovic et al., 2011) and facilitates fear extinction 

(Michopoulos et al., 2017) in PTSD. Further, successful response to the administration of 

hydrocortisone to veterans suffering from PTSD has been related to glucocorticoid 

sensitivity (Yehuda et al., 2015). Collectively, these studies suggest a specific role of the 

CRF system in regulation of fear and anxiety related symptoms of PTSD.

A novel CRF1 receptor 1 antagonist, GSK561679, likely affects HPA axis, fear, and anxiety. 

Recent clinical trial data suggest that it may not be effective in targeting PTSD symptoms in 

all patients; however, in a subset of patients carrying the risk SNP in CRFR1 rs110402 gene 

who also had high levels of childhood trauma, GSK561679 significantly reduced PTSD 

symptoms compared to placebo (Dunlop et al., 2017). Therefore, it is possible that this drug 

has beneficial effects on trauma-related neurobiology, but it is unclear whether it alters 

psychophysiological measures of fear in PTSD. The purpose of the current study was to 

examine if the administration of GSK561679 during a six-week clinical trial in adults with 

PTSD would improve inhibition of FPS to safety signals, given that this is a frequently 

observed deficit in PTSD (Duits et al., 2015; Jovanovic & Ressler, 2010), and most likely 

treatment target. In addition, the mediating role of CRF receptor 1 antagonism in fear 

inhibition was examined using GSK561679. Utilizing the above task which is designed to 

specifically test fear inhibition, it was hypothesized that GSK561679 would increase 

inhibition from pre- to post-treatment compared to placebo.

2. Method

This experiment was part of a larger double-blind, randomized, placebo-controlled clinical 

trial of the investigational CRF1 receptor 1 antagonist GSK561679 (Clinicaltrials.gov: 

NCT01018992) that performed at four academic sites (Dunlop et al., 2017; Dunlop et al., 

2014). The present study examined the FPS data from a pre-treatment baseline and post-
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treatment assessment of the six-week clinical trial. The clinical trial was comprised of a 

screening phase, a six-week double-blind treatment phase of 350 mg per os nightly of 

GSK561679 or matching placebo, and a one-month follow-up phase. During the treatment 

phase, participants completed four post-randomization visits at weeks 1, 2, 4, and 6 that 

included clinician-administered assessments of symptom severity and assessment of adverse 

events. Participants underwent the AX+/BX- conditional discrimination paradigm pre- and 

post-treatment, using different colored stimuli at each visit. All participants provided written 

informed consent approved by the Institutional Review Board (IRB) of each participating 

institution.

2.1. Participants

Startle data were available for 99 participants (from the overall parent study sample of 128) 

and were included in this study (n=47 were in the drug condition and n=52 were in the 

placebo condition). All participants were female, aged 18 to 65, with chronic PTSD. Men 

were excluded due to concerns about potential toxicity of GSK561679 to the male 

reproductive tract. Chronic PTSD was defined by meeting the Diagnostic and Statistical 

Manual of Mental Disorders, 4th Edition (DSM-IV-TR) criteria for current PTSD for a 

duration of at least three months as assessed via the Structured Clinical Interview for DSM-

IV (First, Spitzer, Gibbon, & Williams, 1995). Participants were recruited and tested at 

Emory University, Baylor College of Medicine, Icahn School of Medicine at Mount Sinai, 

and the University of California San Francisco/San Francisco Veterans Affairs Medical 

Center. Detailed study design, including the full inclusion and exclusion criteria have been 

previously published (Dunlop et al., 2014). To be eligible for the trial, patients had to 

demonstrate at least moderate severity of PTSD, assessed as a score of ≥50 on the Clinician 

Administered PTSD Scale for DSM-IV (CAPS, Blake et al., 1995) at both the screening and 

baseline visits. Important exclusion criteria included current or past psychotic disorder, 

bipolar disorder, or obsessive compulsive disorder; current substance abuse or dependence; 

current use of a psychotropic or a steroid medication; current clinically significant suicidal 

or homicidal ideation; or any current or planned litigation regarding the traumatic event. In 

addition, participants were screened for hearing loss using an audiometer and excluded from 

the startle procedure if they did not detect pure tones ranging from 500–4000 Hz at a 35 dB 

threshold in each ear.

2.2. Drug Treatment

Participants were randomized to GSK561679 or placebo in a 1:1 ratio. The randomization 

sequences were separate for each site, and generated by a statistician not involved in the data 

analysis. Participants were instructed to take 350mg/day or matched pill placebo each 

evening between 6pm and 8pm and make a record in their daily dosing diary. All 

participants assigned to the GSK561679 arm included in the current study demonstrated 

compliance with the study medication based on detectable serum levels at week 6.

2.3. Experimental Design

The AX+/BX- conditional discrimination paradigm was used to assess FPS and fear 

inhibition (Jovanovic et al., 2005), see Figure 1. During the fear acquisition phase of the 

paradigm, the CS was a simultaneous presentation of two shapes on a computer monitor, one 

Jovanovic et al. Page 4

Psychophysiology. Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of the shapes was either A or B, and the other was X. The contingency of the X shape was 

conditional on the presence of A or B in the compound. The AX+ compound was the 

threatening conditioned stimulus (CS+), and was always reinforced with the aversive US, 

which was a 250ms airblast with an intensity of 80 psi directed to the larynx. The BX- shape 

combination was never paired with the US, making it the non-reinforced CS-. The color and 

shape of A and B differed, but the “X” cue remained the same across both presentations. The 

acquisition phase consisted of three blocks of 4 trials of AX+, BX-, and noise alone (NA) 

trials. Immediately after the acquisition phase, fear inhibition was assessed during a transfer 

test, during which the previously conditioned A and B cues were presented together to as an 

AB compound. The transfer test included only three AB trials, in order to minimize 

extinction effects, and capture immediate transfer of safety. The stimuli were presented on 

the screen for 6 seconds and the inter-trial intervals (ITIs) as well as inter-block intervals 

were randomized in duration ranging from 9 to 22 seconds.

2.4. Fear-Potentiated Startle Data Acquisition

As in our previous studies of FPS, the startle response was measured using electromyogram 

(EMG) of the right orbicularis oculi (eyeblink) muscle with two 5-mm Ag/AgCl electrodes 

filled with electrolyte gel. One electrode was placed 1 cm below the pupil and the second 

one was placed immediately lateral to the first one. A ground electrode was placed on the 

mastoid bone. All impedances were measured using a checktrode meter, and were ≤6 kilo 

ohms. The startle response data was acquired using Biopac MP150 for Windows (Biopac 

Systems, Inc., Goleta, CA) as described in our previous studies. All data was sampled at 

1000 Hz and amplified with a gain of 5000 using the EMG module of the Biopac system. 

The acquired data were rectified and filtered between 28 Hz and 500 Hz, with a 60 Hz notch 

filter, using MindWare software (MindWare Technologies, Ltd., Gahanna, OH) and exported 

for statistical analyses. Startle magnitude of the eyeblink muscle contraction 20–200 ms 

after presentation of the startle probe was used as a measure of the acoustic startle response. 

The startle probe was a 108-dB (A) SPL, 40ms burst of broadband noise with near 

instantaneous rise time, delivered binaurally through headphones. The A, B, and X shapes 

were presented on a computer monitor 3 feet in front of the participant using Superlab 4.0 

presentation software (Cedrus, Inc., San Pedro, CA). A response pad (RB730, Cedrus, Inc.) 

was included to assess contingency awareness during the experiment.

2.5. Data Analysis

Fear acquisition was examined using a repeated-measures analysis of variance (RM-

ANOVA) comparing the average startle magnitude on NA trials to the average startle 

magnitude to AX+ trials during the last block of the acquisition phase. To further assess fear 

conditioning, discrimination was analyzed using a RM-ANOVA comparing AX+ and BX- in 

the last block of acquisition. 2 × 2 RM-ANOVAs tested a within-subjects factor of treatment 

(pre and post), a between groups factor of condition (GSK561679 and placebo), and 

covariates of site and NA startle response averaged across all noise alone trials in acquisition 

pre and post treatment.

Fear inhibition was tested by comparing startle magnitude to AX+ trials during the 

acquisition phase to startle magnitude to AB trials in the transfer test. We used a RM-
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ANOVA, with a within-subjects factor of treatment (pre and post), a between groups factors 

of condition (GSK561679 and placebo), and covariates of site and NA startle response 

across all trials during pre and post treatment in order to control for individual variability in 

startle response at each visit. All analyses were conducted in SPSS 24 for Windows (IBM, 

Armonk, NY), with alpha set at 0.05.

3. Results

Data from 59 participants, obtained from the parent study sample of 96 completers (Dunlop 

et al., 2017), were available post treatment (N = 29 drug condition and N = 30 placebo) and 

were included in the final sample. Demographic data from participants are shown in Table 1. 

The GSK561679 and placebo group did not differ in age, race, degree of childhood trauma 

(as measured by Childhood Trauma Questionnaire), depression, or PTSD symptom severity 

on the CAPS pre or post treatment.

The 2 X 3 X 2 RM-ANOVA of fear acquisition with within-subjects variables of treatment 

(pre, post) and trial type (NA, AX+, BX-) and between-groups variable of condition 

(GSK561679, placebo) showed a significant main effect of trial type (F(2,108) = 7.16, p = 

0.001, ƞp
2 = 0.12; Figure 2), with no main or interaction effects of treatment. There was also 

no main or interaction effect of condition on acquisition, and no three-way effect of trial 

type, treatment and condition. Planned contrasts within trial type showed higher startle 

magnitude to AX+ compared to NA (F(1,54) = 10.77, p = 0.002, ƞp
2 = 0.17; Figure 2) and 

higher startle magnitude to AX+ than BX- (F(1,54) = 6.97, p =0.01, ƞp
2 = 0.11; Figure 2).

The 2 X 2 X 2 RM-ANOVA of fear inhibition with within-subjects variables of treatment 

(pre, post) and trial type (AX+, AB) and between-groups variable of condition (GSK561679, 

placebo) revealed an interaction of trial type with treatment (F(1,52) = 5.02, p = 0.03, ƞp
2 = 

0.09), but no main or interaction effects of condition. We followed up the interaction of trial 

type and Treatment with one-way RM-ANOVA of trial type separately before and after 

treatment. Prior to treatment, the patients did not show fear inhibition to AB trials compared 

to AX+ (F(1,51) = 0.05, p = 0.83, ƞp
2 = 0.001), whereas startle magnitude to AB trials was 

significantly reduced compared to AX+ after treatment (F(1,51) = 8.01, p = 0.007, ƞp
2 = 

0.14).

Given our hypothesis that GSK561679 would increase fear inhibition, we conducted an RM-

ANOVA of trial type post treatment separately for drug and placebo groups. Analysis of fear 

inhibition separately within each condition revealed that the trial type effect post treatment 

was only significant in the GSK561679 group, which showed less startle magnitude to AB 

than to AX+ trials (F(1,26) = 7.50, p = 0.01, ƞp
2 = 0.22; Figure 3), while there was no 

significant difference in startle magnitude in the placebo group (F(1,28) = 0.61, p = 0.44, ƞp
2 

= 0.02; Figure 3). We derived an inhibition score by subtracting startle magnitude to AB 

from AX+ (a larger score indicated better inhibition). This inhibition score was compared 

across treatment within each condition while controlling for the level of startle magnitude to 

AX+ during fear acquisition, given that individual levels of fear conditioning varied. This 

analysis also showed that the fear inhibition score increased pre- to post-treatment in the 
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GSK561679 group (F(1,25) = 5.20, p = 0.03, ƞp
2 = 0.17; Figure 4)) while it actually 

decreased in the placebo group (F(1,26) = 4.60, p = 0.04, ƞp
2 = 0.15; Figure 4).

3. Discussion

The current study examined the effect of GSK561679, a CRF1 receptor antagonist, in 

increasing fear inhibition in PTSD patients. Fear inhibition was assessed using the AX+/BX- 

conditional discrimination paradigm with FPS, which specifically allowed for the analysis of 

fear acquisition, discrimination, and inhibition. Both the GSK561679 and placebo groups 

showed normal acquisition of FPS and impaired inhibition to a safety cue prior to treatment, 

consistent with our previous studies using this paradigm in PTSD (Jovanovic et al., 2012; 

Jovanovic & Norrholm, 2011). The active drug and placebo groups did not differ on fear 

acquisition or discrimination, nor did these measures change with treatment. However, 

inhibition of fear improved during the safety transfer test in the GSK561679 group, but not 

the placebo group. Further, analysis of the drug group showed that the PTSD-related deficits 

in fear inhibition were normalized after treatment, and FPS to the AB trials was significantly 

lower than to the AX+ trials as we have observed in our prior research with healthy 

volunteers (Jovanovic et al., 2005).

It is important to note that the drug did not affect the fear learning per se, or discrimination 

learning. Therefore, the CRF receptor 1 antagonist did not negatively impact learning 

mechanisms; rather, it specifically enhanced the degree to which learned safety cues 

inhibited fear responses to threatening stimuli. In our previous studies, we have found that 

this specific deficit, rather than a more broad learning deficit, is associated with higher 

PTSD symptoms (Jovanovic et al., 2009). The larger clinical trial of GSK561679 did not 

find therapeutic benefits of the drug in reducing PTSD symptoms (Dunlop et al., 2017). One 

of the possible interpretations of the negative results is that the effects of CRF receptor 1 

antagonism may vary based on the degree of receptor binding in different brain regions. 

CRF 1 receptors are expressed in various brain regions, including the hypothalamus, 

amygdala, bed nucleus of the stria terminalis, hippocampus, cortex, and cerebellum 

(Steckler & Holsboer, 1999). It may be that in some regions, such as the central amygdala, a 

principal anatomical substrate underlying the expression of learned fear, CRF receptor 1 

antagonism may act to increase fear and anxiety (Dunlop et al., 2017). This interpretation is 

consistent with another study using the same GSK561679 drug at a single higher dose 

(400mg) in healthy subjects, which found that the drug increased FPS to a threat cue, while 

also reducing noise alone startle during inter-trial intervals (Grillon et al., 2015). In contrast, 

CRF receptor 1 antagonism in the prefrontal cortex may differ in function (Magalhaes et al., 

2010), which may specifically act to enhance fear inhibition (Jovanovic et al., 2013).

It is important to note that future studies should further address the discordance observed in 

the current study as it relates to: (1) psychophysiological outcomes as compared to clinical 

indices and (2) altered fear inhibition coupled with the lack of effects on fear acquisition or 

discrimination. With regard to the former, we have previously reported drug-specific 

psychophysiological effects that were inconsistent with clinical findings (e.g., Rothbaum et 

al., 2014; Norrholm et al., 2016) and the disparity likely reflects divergent underlying 

neurobiological mechanisms. It is possible that CRFR1 antagonism has circuit-level effects 
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within limbic inhibition pathways that do not generalize to the expression of larger scale, 

phenotypic posttraumatic stress reactions. With regard to the latter, anatomical dissociations 

have been observed in recent rodent studies of fear acquisition, discrimination, and 

inhibition. Inactivation of the posterior insular cortex, for example, has been shown to 

attenuate conditioned inhibition responses specifically while sparing discrimination and 

retention of learned fear (Foilb et al., 2016).

According to a recent report, PTSD can manifest diagnostically in over 600,000 possible 

clinical presentations (Galatzer-Levy & Bryant, 2013) with patients potentially exhibiting 

more robust symptoms in one or more symptom clusters as part of the disease process 

(Jovanovic & Norrholm, 2011). It may be that clinical presentations of PTSD that include 

significant fear-related symptoms (e.g., emotional and physiological reactivity to trauma-

related cues) as predominant features are more directly associated with HPA axis/CRF 

system dysregulation and, as such, more receptive to pharmacological interventions that 

target this dysregulation such as CRFR1 antagonism.

Genetic data suggest that GSK561679 may be effective in individuals with the CRFR1 GG 

genotype and high levels of childhood trauma (Bradley et al., 2008; Dunlop et al., 2017). In 

the present study, we were not adequately powered to examine the effects of CRFR1 GG 

genotype and childhood trauma on fear inhibition, though we have seen genetic effects on 

inhibition of FPS in larger PTSD samples (Norrholm et al., 2013). The effect of genotype 

suggests that the CRF receptor 1 antagonist may have very specific neurobiological effects 

that are not robust in a general PTSD population, or in broad fear or anxiety phenotypes. Our 

previous studies showing associations between HPA axis dysregulation and fear inhibition 

(Jovanovic et al., 2011) suggest common pathways affected by CRFR1. Although we were 

not powered to examine specific genetic effects in the current study, it is possible that the 

CRFR1 GG genotype represents a risk factor that reduces inhibition of fear, which can then 

be compensated for pharmacologically. A recent study of GSK561679’s effects in healthy 

volunteers found increased conditioned fear (Grillon et al., 2015), however, we did not see 

the same effect in PTSD patients. However, in our study, we controlled for noise alone 

startle levels, which were reduced in the study with healthy volunteers. In testing of 

inhibition, we controlled for individual variability in fear conditioning, in order to account 

for any individual differences that were not evident in the group analyses.

A limitation of the current study is that only women were included (Dunlop et al., 2017). 

Additionally, the conditional discrimination paradigm is sensitive to cycle effects and 

estradiol level (Glover et al., 2013), which were not controlled in the current study. Oral 

contraceptive use, which likely reduces circulating estradiol levels, was not an exclusion for 

the study. Nevertheless, only a small number of women reported using oral contraceptives (3 

women in each group); therefore, lack of cycling is unlikely to explain the observed drug 

effects on fear inhibition. Future studies should also examine estradiol levels during 

treatment, especially if fear inhibition paradigms are used as treatment outcomes.

The study had additional limitations, such as a high discontinuation rate and resulting small 

sample size at post-treatment. It is important to note that drop-out rates did not differ by 

treatment condition (Dunlop et al., 2017). Further, the FPS data collected post-treatment at 
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week six represent effects of circulating drug, as serum levels indicated presence of 

GSK561679 at this time point. As such, it is unclear whether the drug would have any 

lasting effects on inhibition via neural plasticity or as a result of the acute effects of drug. 

Finally, the discrepancies between the current FPS results and the negative clinical trial 

result (Dunlop et al., 2017), and with the FPS data in healthy volunteers (Grillon et al., 

2015), should be further explored to examine potential mechanisms of action for the CRF 

receptor 1 antagonist. Specifically, since trauma exposure and PTSD are likely to alter the 

HPA axis and CRF receptor function (de Kloet et al., 2007; Yehuda et al., 2015), our results 

indicate that inhibition of FPS may be used as a tool to investigate these impacts in 

traumatized individuals relative to healthy unaffected individuals.

In conclusion, the current study suggests that fear inhibition using FPS in a fear conditioning 

paradigm can serve as an intermediate phenotype of PTSD treatment effects. This measure 

has been repeatedly associated with PTSD diagnosis, and shows plasticity and change with 

treatment. However, the FPS measures did not correspond to clinical outcomes in the current 

trial. Research Domain Criteria (RDoC) approaches in clinical research advocate the use of 

neuroscience-based measures across different units of analyses, including psychophysiology 

(Cuthbert, 2014). FPS is a potentially useful tool in an RDoC approach that can index 

treatment-related changes in fear-related domains.
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Figure 1. 
AX+/BX- Schematic representation of experimental design. Fear inhibition is tested by 

comparing the AB test trials to AX+ trials during acquisition. Inter-trial and inter-block 

intervals were randomized between 9 – 22 seconds as in previous work (e.g., Jovanovic et 

al., 2005).
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Figure 2. 
Average startle magnitude to NA, AX+ and BX- trials during acquisition. There was a 

significant increase in magnitude to the AX+ trials across all groups, F(1,54) = 10.77, p < 

0.01. There was less startle to BX- compared to AX+, F(1,54) = 6.97, p = 0.01, demonstrating 

discrimination between threat and safety signals. There were no effects of treatment. **p ≤ 

0.01
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Figure 3. 
Average startle magnitude to AX+ and AB trials during transfer test. There was a significant 

effect of treatment, in that the drug group demonstrated fear inhibition at post treatment, 

F(1,26) = 7.50, p = 0.01, but not prior to treatment. The placebo group showed impaired fear 

inhibition pre and post-treatment. **p ≤ 0.01
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Figure 4. 
Average inhibition score (AX+ minus AB) across Treatment and Condition. This analysis 

also showed that the fear inhibition score increased pre- to post-treatment in the drug group, 

F(1,25) = 5.20, p < 0.05, and decreased in the placebo group (F(1,26) = 4.60, p < 0.05. Larger 

score indicates better fear inhibition. * p ≤ 0.05
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Table 1.

Demographic and clinical data for the sample

GSK (n=29) PLACEBO (n=30) p

Age (M, SD) 40.75 (11.68) 41.87 (11.99) NS

Race (%) NS

African American/Black 34.50% 46.70%

White 58.60% 46.70%

Other 6.90% 6.60%

PTSD severity pre-treatment (M, SD) 77.00 (14.08) 75.46 (20.22) NS

PTSD severity post-treatment (M, SD) 63.26 (19.77) 50.76 (27.75) NS

Depression severity pre-treatment (M, SD) 26.67 (6.81) 25.75 (8.39) NS

Depression severity post-treatment (M, SD) 20.23 (9.73) 19.34 (8.35) NS

Comorbid diagnosis of major depressive disorder (%) 68.09% 73.08% NS

Comorbid anxiety disorder diagnosis (%) 31.91% 42.31% NS

Childhood trauma (M, SD) 79.11 (25.17) 77.29 (23.39) NS

Note. PTSD severity assessed via the CAPS for DSM-IV. Depression severity assessed via Montgomery Asperg Depression Rating Scale 
(Montgomery & Asperg, 1979). Depression and anxiety disorder diagnoses assessed via the SCID-IV. Childhood trauma assessed via Childhood 
Trauma Questionnaire (Bernstein et al., 2003).
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