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Abstract

Rationale—To improve outcomes for patients undergoing extinction-based therapies (e.g.
exposure therapy) for anxiety disorders such as post-traumatic stress disorder, there has been
interest in identifying pharmaceutical compounds which might facilitate fear extinction learning
and recall. Oxytocin (OT) is a mammalian neuropeptide that modulates activation of fear
extinction-based neural circuits and fear responses. Little is known however about the effects of
OT treatment on conditioned fear responding and extinction in humans.

Objectives—The purpose of the present study was to assess the effects of OT in a fear-
potentiated startle task of fear conditioning and extinction.

Methods—A double-blind, placebo-controlled study of 44 healthy human participants was
conducted. Participants underwent a conditioned fear acquisition procedure, after which they were
randomized to treatment group and delivered OT (24 IU) or placebo via intranasal spray. Forty-
five min after treatment, participants underwent extinction training. Twenty-four hrs later subjects
were tested for extinction recall.

Results—Relative to placebo, the OT group showed increased fear potentiated startle responding
during the earliest stage of extinction training relative to placebo, however all treatment groups
showed the same level of reduced responding by the end of extinction training. Twenty-four hours
later the OT group showed significantly higher recall of extinction relative to placebo.

Conclusions—The current study provides preliminary evidence that OT may facilitate fear
extinction recall in humans. These results support further study of OT as a potential adjunctive
treatment for extinction-based therapies in fear-related disorders.
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Introduction

Post Traumatic Stress Disorder (PTSD) has a prevalence rate of approximately 10% in the
US (Breslau, 2009; Kessler et al., 2005) and is associated with significant functional
impairment (Druss et al., 2008; Alonso et al., 2004). Evidence for the efficacy of exposure-
based psychotherapies for PTSD, namely Prolonged Exposure (PE), is much stronger
compared to pharmacological treatments (loMotNA, 2007). PE involves both imaginal
exposure to the traumatic memory and /in vivo exposure to environmental cues that trigger
trauma memories (Foa & Rothbaum, 1998). The patient’s avoidance of these cues is thought
to maintain trauma associations and prevent fear extinction from occurring naturally. Thus,
PE reduces PTSD symptoms at least in part by supporting extinction of conditioned fear
responses to trauma-related cues.

Although evidence for the efficacy of PE is strong, it is not without limitations. A significant
number of patients remain symptomatic following a standard course of treatment (Schnurr et
al., 2007; Bradley et al., 2005). Several studies support functional and structural
abnormalities in important nodes of the extinction learning neurocircuit in PTSD patients,
specifically the ventromedial prefrontal cortex (vmPFC) and amygdala, which may be
related to the failure of exposure-based treatments in some patients (Etkin & Wager, 2007;
Meyers & Davis, 2007; Milad et al., 2007; Shin et al., 2006; Acheson et al. 2011). Indeed,
PTSD patients have demonstrated stronger fear conditioning, slower rates of extinction and
poor recall of fear extinction memory following extinction training (Norrholm et al., 2011;
Milad et al., 2008). Additionally, exposure to trauma cues is an intimidating prospect to
some PTSD patients, and thus discontinuation of treatment may occur unless the provider is
skillful in building a therapeutic alliance (Cloitre, 2009; Hembree et al., 2003; APA, 2000).

Recent efforts to increase the efficacy of PE have focused on pharmacological augmentation
of extinction learning. The most well studied of these agents is d-cycloserine (DCS), a
partial NMDA receptor agonist, which has demonstrated efficacy in a range of anxiety
disorders (Norberg et al., 2008). A recent randomized, placebo-controlled trial suggested
that DCS successfully augments PE for PTSD in severe, treatment resistant patients (de
Kleine et al., 2012). These results are promising and suggest that PE is amenable to
pharmacological augmentation. Research is ongoing with the aim of identifying other
compounds which might also have augmentative functions.

One compound identified for its potential to enhance PTSD treatment is oxytocin (OT; OIff
etal., 2010). OT is a mammalian neuropeptide with both central and peripheral actions. OT
has actions opposite to PTSD on several nodes of the fear extinction neurocircuit thought to
mediate PE. Whereas the typical pattern in PTSD is vmPFC hypoactivation paired with
amygdala hyperactivation (Etkin & Wager., 2007; Shin et al., 2006), acute intranasal (IN)
OT has the opposite effect on these structures (OIff et al, 2010; Petrovic et al., 2008; Domes
et al., 2007; Kirsch et al., 2005). Further, Sripada and colleagues (2012) have shown that IN
OT increases functional coupling of the medial PFC and the amygdala. Interactions between
these structures are known to be important to emotion regulatory processes, specifically fear
extinction (Milad & Quirk, 2012). Thus, through actions on brain structures implicated in
both PTSD and fear extinction/emaotion regulation processes, it is possible that OT may be
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useful as a pharmacological adjunct for exposure-based PTSD treatments. OT also has well
known effects on social behavior (Baumgartner et al., 2008; Heinrichs et al., 2003), which
may prove helpful in facilitating development of a therapeutic alliance.

Before OT can be used for extinction therapy however, more must be known of its effects on
fear extinction learning and recall. Indeed, little is known about OT effects on fear extinction
learning in humans and there is conflicting data in animals (see discussion). Understanding
the nature of OT effects on learned fear vs. extinction is important, as an effect of reducing
anxiety completely during exposure may hamper extinction learning and retention (Mueller
et al., 2008). Here we describe a double-blind, placebo controlled study aimed at testing the
effect of an acute dose of IN OT on fear extinction learning in healthy humans using a
conditioned fear-potentiated startle paradigm (Norrholm et al., 2011; 2006). We
hypothesized that OT treatment prior to extinction training would facilitate extinction and
increase extinction recall.

Forty-four healthy participants were recruited from the local community via flyers and
advertisements on Craigslist.org (see demographics in Table 1). Participants were screened
over the phone and upon arrival at the laboratory to assure they did not meet criteria for
current or past psychiatric disorders, have a history of cardiac illness, seizure disorder, brain
injury, neurologic disorder or history of head injury with loss of consciousness for more than
1 min. Participants were administered a hearing test to assure they could detect 500, 1000,
3000 and 6000 Hz tones at <45 dB. A urinalysis was administered to rule out use of illegal
substances or pregnancy. Since endogenous OT levels can fluctuate across the menstrual
cycle, female participants not currently using hormonal contraceptives were scheduled for
testing during the follicular phase of the menstrual cycle (e.g. up to 10 days following onset
of menstruation).

Assignment to Treatment Group

Treatment

Participants were assigned to treatment group in a semi-random fashion, with the only
constraints being magnitude of fear learning during acquisition and gender. At the
conclusion of the acquisition phase (described below) participants were assigned to active
treatment or placebo group (treatment group “A” or “B”) with attention paid to balancing
the groups on strength of conditioning and overall startle responsiveness. This procedure
allows for evaluation of treatment effects on extinction measures without potential
confounds from between-groups differences in strength of initial conditioning.

OT power was purchased from Spectrum Laboratories (Gardena, CA) and mixed into IN
spray solution (6 1U per spray) by the UCSD Investigational Drug Service, Compounding
Pharmacy. The OT formulation contained USP grade OT as well as buffers, stabilizers, and
preservatives (chlorobutanol, memihydrate, methylparaben, dibasic sodium phosphate,
anhydrous citric acid powder). D.F. holds and IND for this formulation. Twenty-four
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International Units (1U) of OT was administered to the active drug group prior to extinction
training (described below) via two sprays into each nostril. This dose has been shown to
produce anxiolytic effects in healthy humans (de Oliveira et al. 2012, Labuschagne et al.
2010). The placebo spray consisted of the same composition of non-active ingredients and
was administered in an identical fashion.

Apparatus—Startle pulses (108 dB, 40 ms) were delivered using a San Diego Instruments
(SDI, San Diego, CA, USA) SR-HLAB EMG system. Sound levels were measured using
continuous tones calibrated using a Quest Sound Level Meter on the A scale, coupled to the
headphones by an artificial ear. EMG responses were recorded using the SDI SR-HLAB
EMG system coupled with a Dell desktop computer as previously described (Acheson et al.
2012). Gain was adjusted to 0.5 (0.5 mV electrode input amplified to 2500 mV signal
output) and band pass filtered (100-1000 Hz). A 60 Hz notch filter was used to eliminate 60
Hz interference. Sampling rate was 1k Hz. All electrode resistances < 10 k Q.

The electrical shock stimuli were delivered via a Contact Precision Instruments SHK1
aversive shock stimulator coupled with an IBM Thinkpad notebook computer. Current was
passed from the generator to the subject via two Ag/AgCl electrodes filled with electrolyte
gel on the subject’s non-dominant wrist roughly straddling the radial nerve. To maintain
important contextual cues, this procedure was continued throughout each testing phase
regardless of whether shock was delivered. Before acquisition, shock intensity levels were
set manually for each individual by delivering gradually more intense shocks (0 — 5mA
range) until the subject reported that the shock level was “highly annoying yet not painful”.

Fear Conditioning and Extinction—The fear conditioning protocol consisted of 3
phases: Acquisition, Extinction, which took place on day 1, and Recall, which took place 24
hours later. Procedures and timeline for these three phases are illustrated in Figure 1A and
1B. Each phase began with 6 startle pulses presented in the absence of any other stimuli in
order for the participants to acclimate/habituate startle responses to baseline level. The
acquisition phase consisted of 8 six-sec presentations of a blue circle which served as a
reinforced conditioned stimulus (CS+) and was followed by a .5 second electrical shock
unconditioned stimulus (US) in 75% contingency which co-terminated with the CS+, 8 six-
sec presentations of a yellow circle with served as a non-reinforced conditioned stimulus
(CS-) and was never followed by shock, and 8 presentations of the startle pulse in the
absence of any stimuli (i.e. blank screen; “Noise Alone trial”; NA) which served as a
measure of baseline startle reactivity across the phase. Previous studies have shown that
extinction learning is very rapid when 100% CS— US contingency conditions are used,
hence we elected for a 75% contingency in order to prolong extinction learning to detect a
treatment effect (Phelps et al., 2004; LaBar et al., 1998). Startle pulses were presented 3 sec
following CS+ or CS— onset. Order of stimuli presentation was block randomized with the
constraint of two trials of each type (CS+, CS—, and NA) per block. This approach prevents
confounds of uneven habituation effects on any one stimulus type, and assures accurate
temporal match of NA baseline responses to CS+ and CS- trials. To measure contingency
awareness, participants used a number key pad to report at each CS+ or CS- trial whether
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they expected to receive a shock (“1” key), were unsure (“2” key), or did not expect to
receive a shock (“3” key). Following the acquisition phase, contingency awareness was
further measured via questionnaire asking participants which stimuli predicted the shock.
Self-reported anxiety was measured by asking how aversive participants found the shock and
how anxious they felt in the presence of the blue and yellow circles (CS+ and CS-).

After completing the post-acquisition questionnaire, participants completed the Profile of
Mood States (POMS), Karolinska Sleepiness Scale (KSS), and State Trait Anxiety Inventory
(STAI). They were then given either “Drug A” or “Drug B” dependent upon assigned group
(see Figure 1B) and given a 30 min break in which they could read magazines to allow the
treatment to take effect. Thirty minutes following treatment administration, participants
again completed the POMS and KSS. Forty-five minutes after treatment participants
underwent the extinction phase which consisted of 18 presentations of each stimulus type
(CS+, CS—and NA), in block randomized order as in the acquisition phase. No shocks were
presented during this phase. Fewer presentations of each stimulus were used relative to
previous studies (e.g. 24 presentations by Norrholm et al., 2011; 2006) in an attempt to
achieve ‘sub-threshold’ extinction. This strategy was employed to avoid a floor effect in
control subjects rendering treatment effects un-interpretable. Startle pulses were presented
and subjects rated their expectations as in the acquisition phase. Following the extinction
phase, participants again rated their subjective anxiety in the presence of both the CS+ and
CS-. Subjects were then disconnected from the apparatus and left the laboratory.

Participants returned for the Recall phase the following day. This phase consisted of 8
presentations of each stimulus type (CS+, CS—, and NA), as in the acquisition phase. Startle
pulses were presented and expectancy ratings collected as in the previous sessions.
Following the recall phase, participants again rated their subjective anxiety to the CS+ and
CS-. They were then debriefed, compensated, and dismissed.

Data Analysis—After analysis, study researchers were unblinded to treatment group.

Startle Data—Data collected during the Acquisition and extinction phases were analyzed
as previously described (Norrholm et al., 2011; 2006) by averaging the responses to each
stimulus type within block. The NA average was then subtracted from both the CS+ and CS
— response to create a score representing startle above baseline for that block (e.g. CS+ -
NA). These data were then analyzed using a 2 (CS Type) x 4 (Block) x 2 (Treatment Group)
repeated-measures ANOVA, with CS Type and Block as within groups factors and
Treatment Group as a between groups factor. Data collected during the Extinction phase
were similarly processed, though only the CS+ is used to measure extinction learning
(Norrholm et al., 2011; 2006). Blocks were then further averaged into Early Extinction, Mid
Extinction, and Late Extinction consisting of 6 CS+ presentations each. Previous reports
have shown this approach is adequate to detect an extinction learning curve while reducing
variability from within subject startle variation across the session (Norrholm et al., 2011;
2006). These data were analyzed using a 2 (Treatment Group) x 3 (Block) repeated-
measures ANOVA with Block was a within groups factor and Treatment Group as a between
groups factor. Significant interactions in both phases were followed up with alpha-level
adjusted post-hoc tests. Startle during the Recall phase was analyzed by first computing a
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CS+ score for the first block as described above. An extinction recall index comparing the
CS+ responses at recall with the maximal CS+ responses during conditioning was then
computed as described by Milad and colleagues (2008; 2007) by the following equation: 100
— 100(CS+ response during 15t block of recall/maximum CS+ block across acquisition
phase). This index of extinction performance has been shown to be positively and negatively
associated ventral medial prefrontal cortex and amygdala activation respectively, suggesting
this measure probes fear extinction circuit function (Milad et al. 2007, 2008). An
independent samples t-test was then conducted to test differences between treatment groups
on percentage of extinction retained. Calculating the recall index resulted in three individual
scores that were outside our g priori range for excluding outliers, plus or minus 2.5 standard
deviations from the group mean. Removing these data points from the analysis resulted in
the loss of one participant from the placebo group and two from the OT group.

Expectancy and Self-Report—Expectancy responses during EMG testing were coded
as: expect a shock = 1, unsure = 0, do not expect a shock = —1. For acquisition, responses
were averaged over the last half of the phase (4 trials/stimulus type) and analyzed using a 2
(CS Type) x 2 (Treatment Group) repeated-measures ANOVA. For extinction, CS+
responses were examined across all trials including the last four trials of acquisition. These
data were analyzed with a 2 (Treatment Group) x 22 (Trial) repeated-measures ANOVA. For
the Recall phase, expectancy rating were averaged for the first block CS+ responses and
analyzed using a 2 (Phase) x 2 (Treatment Group) repeated measures ANOVA. Post-phase
questionnaires were analyzed using 2 (Cue Type) x 2 (Treatment Group) repeated measures
ANOVASs and independent samples t-tests as appropriate. Change across phases was
assessed with a 2 (Phase) x 2 (CS Type) x 2 (Treatment Group) repeated measures ANOVA.
The STAI, delivered before treatment, was analyzed using an independent samples t-test.
The KSS and POMS were analyzed using a 2 (Pre — Post Treatment Administration) x 2
(Treatment Group) repeated measures ANOVA. Significant interactions were followed up
with alpha-level adjusted post-hoc tests.

Demographics

Acquisition

While there were no significant differences between Treatment Groups on gender and
ethnicity, the placebo group was significantly older than the OT group [Table 1; 7 years
difference, t = 2.54, p<.02]. In initial analyses, gender was entered as a factor and age as a
covariate. However both were then dropped from the models as neither had a significant
effect.

Startle—As expected during fear acquisition, startle responses during the CS+ trials were
significantly increased over subsequent trials compared to responses to the CS— [Figure 2A,
Cue Type X Block: A3,126)=5.70, p < .001, partial n2 = .12]. Post-hoc tests showed
significant startle potentiation to the CS+ relative to the CS— during Blocks 2, 3, and 4 (ps
<.001). There were no significant differences in acquisition across Treatment Groups.
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Expectancy and Self-Report—~For intrasession expectancy ratings, participants
correctly identified the CS+ as predictive of the shock [Cue Type: A1,41)=79.992, p<.0001,
partial n2 = .66]. On a 1 (expect shock) to —1 (do not expect shock) scale, the placebo group
averaged .55 rating for CS+ and -.57 rating for the CS—. The OT group averaged .36 rating
for the CS+ and -.73rating for the CS-.

After acquisition, all subjects rated higher levels of anxiety in the presence of the CS+
compared to the CS- [Table 3, A1,36)=131.17, p < .0001, partial n2 = .79]. There were no
main effects or interactions with Treatment Group.

Psychosocial Questionnaires—OT treatment had no effect on STAI or KSS scores
(Table 2). With POMS scores analyzed by subscale, all participants showed a significant
reduction in ratings of tension/anxiety [A1,42)=11.348, p<.002, partial n2 = .21] and fatigue
[A1,42)=6.362, p<.016, partial n2 = .13] from the first to the second test.

Startle—Subjects receiving OT showed significantly higher potentiated startle to the CS+
during early extinction relative to subjects receiving placebo (p < .05) [Figure 2B, Group X
Block: F(2,84)=5.89, p < .004, partial 2 = .12; Block: F(2,84)=11.39, p < .0001, partial 12
=.21]. This difference disappeared by the mid and late extinction blocks. To further clarify
the nature of the interaction, separate repeated-measures ANOVAS were run to assess the
main effect of block for each Treatment Group. The group receiving OT showed a
significant decrease in response magnitude across the extinction phase [F(2,42)=16.38, p <.
0001, partial n2 = .44], though this effect was not significant in the placebo group. To further
investigate the initial Treatment Group difference at early extinction, a 2 (Treatment Group)
x 3 (Block) repeated measures ANOVA was conducted on the responses during early
extinction broken down into blocks of two trials each, revealing a main effect of Treatment
Group [Figure 2C; A1,42) = 4.07, p< .05]. Though the interaction was not significant,
inspection of the figure shows that both groups appear to have equal levels of responding
during the first two trials, with the placebo group rapidly attenuating potentiation to the CS+
relative to the OT group. To confirm extinction learning across groups we compared the last
block of extinction to the last block of acquisition trials for both groups, with both groups
showing a significant reduction in CS+ responses (Figure 2B Block: A1,41)=23.96, p<.
0001).

Expectancy and Self-Report—Expectancy ratings to the CS+ decreased across the late
acquisition and extinction phases equally across treatment groups [Figure 3; Main effect of
trial: A21,714)=25.45, p<.0001, partial 2 = .43]. From acquisition to extinction phases
anxiety in response to the CS+ decreased (p < .0001), while anxiety in response to the CS—
remained unchanged [Table 3; Cue Type x Phase interaction [A1,36)=39.24, p< .0001,
partial n2 = .52]. OT treatment had no significant effects on anxiety ratings.

Startle—When the data was normalized for individual rates of conditioned responding, the
OT group exhibited significantly higher % extinction recall scores relative to placebo [Figure
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4; t=-2.34, p <.03]. The OT group also trended to exhibit a greater change in raw CS+
scores between acquisition and recall phases compared to placebo [Figure 4 inset;
F(1,42)=3.39, p<.08].

Expectancy and Self-Report—Compared to acquisition, both groups showed significant
reductions in shock expectancy ratings to the CS+ during recall [Phase: A1,40)=22.66, p<.
0001, partial n2 = .36]. On a 1 (expect shock) to —1 (do not expect shock) scale, placebo
group responses to the CS+ changed from .55(.33) to .05(.62) and OT group responses
changed from .36(.54) to —.25(.61). Compared to acquisition, anxiety in response to the CS+
was significantly reduced after recall (p<0.001) while anxiety in response to the CS—
remained minimal across acquisition and recall phases [Table 3; Cue Type x Phase:
A1,36)=49.55, p<.0001].

Discussion

The current study represents the first test of OT effects on extinction of conditioned fear in
healthy subjects. Oxytocin did not facilitate extinction, but our prediction that it would
increase extinction recall was supported. Before treatment, both groups showed similar
levels of startle potentiation to the CS+, suggesting equal conditioned fear levels (Figure 2a,
b and c). During the first block of extinction training (45 min after treatment), fear extinction
was transiently inhibited in the OT treatment group, but by the end of training OT and
placebo groups displayed equal levels of reduced CS+ responding (Figure 2b,c). On Day 2,
participants given OT on Day 1 displayed significantly greater extinction recall relative to
placebo (Figure 3). Extinction recall (extinction index; Milad et al., 2008; 2007) is anchored
to pre-treatment levels of CS+ responding, thus is not confounded by increased CS+
responding in the OT group during early extinction (Figure 2b). There were no treatment
effects on expectancy ratings or self-reported anxiety, suggesting that the effects of OT on
fear potentiated startle were independent of explicit contingency awareness. These findings
are the first to support a facilitative effect of OT on extinction recall, supporting further
research into OT as an adjunctive pharmacological treatment in combination with PE.

Few studies have looked at the effect of OT on conditioned fear and extinction learning in
humans. In a previous study in healthy subjects, Petrovic and colleagues (2008) used an
evaluative conditioning procedure to investigate the effect of OT on aversively conditioned
social cues (faces). They found that OT given shortly following acquisition abolished
conditioned responding and attenuated amygdala activation relative to placebo. This finding
is similar to effects of intraventricular (ICV) OT reversing conditioned social avoidance in
rodents (Lukas et al. 2011). Findings of reduced conditioned aversive responses are at odds
with the present study, which found that OT treatment transiently inhibited extinction of
conditioned fear. Inhibition during initial extinction training in this study is somewhat
surprising given the evidence for acute reductions in amygdala activation and anxiolytic
effects after IN OT treatment in humans (Petrovic et al., 2008; de Oliveira et al. 2012;
Labuschagne et al. 2010; Domes et al., 2007; Kirsch et al., 2005). However, as recently
described by Bartels (2012), the “amygdala-dampening” interpretation of IN OT effects on
limbic circuitry may be overly simplistic based on recent finding suggesting that OT
modulation of circuit activation as well as behavior are stimulus/context specific (e.g.
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presence of social cues) with increased amygdala activation and anxiety/mistrust behaviors
reported after IN OT in some studies (for review see Meyer-Lidenberg et al. 2011). Indeed
using similar measures and treatment parameters as the present study, Grillon and colleagues
(2012) found that OT increases potentiated startle responses to unpredictable threat (i.e.
“context fear™) but not specific cued threat. In the current study, the beginning of a new FPS
session (extinction training) may have elicited a sense of uncertainty regarding the CS-US
contingency, resulting in increased potentiated startle responses in the OT group as shown by
Grillon et al (2012). However, examination of expectancy ratings at the beginning of the
extinction phase would suggest that explicit uncertainty was not responsible for the observed
effect. Thus the acute OT modulation of conditioned fear depends on the conditioned cue,
social or non-social, likely via the type of circuits recruited by these specific stimuli.

Timing of OT administration during the fear learning and extinction process may also be a
factor in OT inhibition of early extinction. In our study, the end of acquisition training and
the beginning of extinction training were separated by approximately 1.5 hrs. Thus, the
present observation of OT-induced inhibition of early extinction may be due to acute effects
of OT administration immediately after acquisition testing and right before the onset of
extinction training. When OT was administered, fear memories were likely still
consolidating which may have been facilitated by OT treatment, resulting in the observed
transient resistance to extinction. Similarly in rats, ICV OT prior to extinction training
inhibits extinction; whereas OT increased extinction when administered prior to fear
conditioning (Toth et al. 2012). Future studies separating acquisition and extinction training
by a longer period are required to determine if, like in animals, OT administration before
fear conditioning also facilitates subsequent extinction in humans.

The effect of OT treatment to increase recall of extinction 24 hrs later suggests that OT
treatment enhanced consolidation of fear extinction training. While computational models of
fear conditioning (i.e., Rescorla & Wagner, 1972) might suggest that enhancement of recall
could be due to enhanced startle in the OT group during early extinction training, early
extinction responses did not significantly correlate with recall scores, arguing against this
explanation. Pro-cognitive effects of OT on other forms of memory are emerging, including
facilitation of social memory (Striepens et al., 2011; Herzmann et al., 2012) and verbal
learning in some cases (Feifel et al. 2012; but see Heinrichs et al., 2004).

Neuroimaging and animal research has demonstrated that the prefrontal cortex (PFC)
mediates extinction recall via an inhibitory effect on the amygdala which mediates
conditioned fear responding (for review see Milad and Quirk, 2012). OT treatment increases
coupling between the rostral medial frontal cortex and amygdala (Sripada et al. 2012). Thus
OT treatment may act to facilitate extinction learning via increased coupling of this circuit
during extinction training. OT treatment also increases long-term glutamatergic
neurotransmission in the mPFC (Ninan, 2012), which may enhance neuroplasticity in this
structure and consequently extinction learning. Only one other study that we are aware of
has assessed OT effects on extinction learning in humans. Guastella et al. (2008) tested the
effect of OT as an adjunctive treatment to a short exposure therapy trial (4 sessions of public
speaking) for social anxiety disorder. OT facilitated extinction of negative self assessments
during public speaking, however this effect did not generalize to overall symptom reduction.
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Thus the translation of OT effects on extinction to its use as an adjunctive therapy is still
uncertain, requiring more study with alternate exposure techniques and patient populations.

In summary, the current findings support the hypothesis that OT treatment facilitates recall
of fear extinction, however it may facilitate learned fear responses acutely under certain
circumstances (present findings and Grillon et al. 2012). A potential limitation of the current
findings is that OT affected potentiated startle measures, but not self-reported anxiety.
However, response desynchrony between physiological and self-report measures of anxiety
has long been documented in the literature and is not uncommon (e.g. Hodgson & Rachman,
1974). This desynchrony may be due to self-reported anxiety being measured only once at
the end of each phase, reducing its sensitivity. Overall, the current findings support further
research of IN OT as an adjunctive treatment for exposure-based therapy for conditioned
fear disorders such as PTSD. OT may not only support the extinction-mediated effects of
exposure therapy but also have utility in increasing feelings of trust and facilitating
therapeutic alliance, which could theoretically result in a more robust response to treatment
in some patients along with a reduction in rates of treatment discontinuation.
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Habituation: 6 NA Presentations

Extinction Phase Definitions:
Habituation: 6 NA Presentations
Extinction: 9 Blocks
(averaged into three blocks for analysis)
with shock

Prototypical Block:

CS+ = Blue circle paired with shock
in .75 contingency
CS - = Yellow circle never paired

NA = Startle pulse alone baseline

CS+ | CS- [ NA | CS+ [ NA | CS- [ NA

6 second duration
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[ L
Startle Pulse > sec\

(B)
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Acquisition Phase || Drug Extinction Later
administration Phase

Figure 1.

(A) Schematic of the fear potentiated startle procedure listing all three conditioning and
extinction phases and illustrating a prototypical trial block and trial. (B) Timeline of all

experimental assessments.
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(A) Potentiated startle magnitudes for the Acquisition Phase before treatment. *p < .05 vs.
CS-. (B) Potentiated startle magnitude to the CS+ during Late Acquisition and Early, Mid

Psychopharmacology (Berl). Author manuscript; available in PMC 2017 June 05.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Acheson et al.

Page 16

and Late Extinction phase by Treatment Group. *p < .05 vs. placebo. # p < .05 vs. Early
Extinction phase responding within group. (C) Potentiated startle magnitudes to the CS+
during Early extinction depicted in two-trial blocks. *p<0.05, main effect of oxytocin. Data
are depicted as mean+SEM difference scores in peak startle magnitude during CS+ or CS-
trials compared to noise alone trials.
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Expectancy ratings across the last half of the acquisition phase (Late Acq) and the entire
extinction phase (Early, Mid, and Late Ext). 1 = expect the US, 0 = uncertain, —1 = do not
expect the US. Data are depicted as mean+SEM ratings by trial.
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Figure 4.

Extinction recall index during the Recall phase by Treatment Group (see text for equation).
*p <.05. Data are depicted as mean index scores£SEM. Inset: Maximum potentiated startle
magnitudes during the Acquisition Phase by Treatment Group and potentiated startle
magnitudes for the Recall Phase by Treatment Group. Data are depicted as mean+SEM
difference scores in peak startle magnitude during CS+ trials compared to noise alone trials
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Table 1

Subject Characteristics by Treatment Group

Placebo (n =22) Oxytocin (n = 22)

Percent Female 455 50

Mean Age (SD) 355 (21.1) 28.2 (6.0)

Ethnicity (%)
Caucasian 63.6 59.1
Asian 45 18
Hispanic 13.6 9.1
African-American 9.1 9.1
Pacific Islander 45 0
American Indian 4.5 4.5

Note.

*
= significant difference (p < .05) between treatment Group.
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Table 2

Treatment Group Means for Psychosocial Questionnaires Pre and Post Treatment

Pre-Treatment Post-Treatment
Placebo Oxytocin Placebo Oxytocin

STAI

State 445 (6.35)  44.82 (5.75) - -

Trait 4355 (4.73)  45.32 (4.26) - -
KSS 5.14 (1.86) 5 (1.88) 46(1.98)  4.64(1.81)
POMS

Vigor 21.91(7.28) 20.36(6.55) 21.41(8.51) 21.64(6.14)

Tension/Anxisty? 1155 (279) 13.05(5.16) 1018 (234) 1073 (271)

Depression 15.45(3.39) 14.91(1.44) 14.64 (159) 14.64 (1.43)
Anger 13.05(1.79) 13.91(265) 13(2.13)  13.36(2.13)
Fatigue? 7.91(2.09) 9.86(348)  7.59(2.44)  8.31(2.36)
Confusion 6.86(1.25) 7.18(1.53)  6.86(1.34)  6.68 (1.46)

Note. Standard deviations in parentheses. STAI = State Trait Anxiety Inventory, KSS = Karolinska Sleepiness Scale, POMS = Profile of Mood
States.

a . . . Lo
Tension/Anxiety and Fatigue were significantly reduced (o < .05) at the second test across all treatment groups.
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Table 3

Self-Reported Anxiety after Each Experimental Phase by Treatment Group

Placebo Oxytocin

Phase CS+ CS- CS+ CS-

Acquisitiond 555 (176)  235(1.18) 65(204)  2.39 (L5)
Extinction? 345 (2.01) 2 (1.17) 350 (262) 2.44 (1.89)

Recallb 1.8(L44) 2.75(1.89) 3.94(2.39) 211 (1.64)

Note. Standard deviations in parentheses.
aindicates significant main effect of Cue within the acquisition phase (p < .05).

indicates a significant Cue x Phase interaction such that anxiety in response to the CS+ was significantly diminished relative to the acquisition
phase, while there was no significant change in anxiety in response to the CS-. Scale: 1 = least anxious, 10 = most anxious.
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