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Abstract

Neuroticism is a fundamental personality trait associated with proneness to feel negative affect.
Here we ask how Neuroticism influences the neural response to positive and negative social
interactions and how Neuroticism modulates the effect of intranasal oxytocin (OT) and
vasopressin (AVP) on the neural response to social interactions. In a double-blind, placebo-
controlled study, 153 male participants were randomized to receive 24 IU intranasal OT, 20 IU
AVP or placebo. Afterwards, they were imaged with fMRI while playing an iterated Prisoner’s
Dilemma Game. On a different day, subjects completed the NEO personality inventory to measure
Neuroticism. Neuroticism was positively correlated with the neural response to negative social
interactions in the anterior cingulate cortex/medial prefrontal cortex and with the neural response
to positive social interactions in the insula, indicating that Neuroticism modulates
neuropsychological processing of both negative and positive social interactions. Neuroticism did
not modulate the effect of intranasal OT treatment on the neural response to either positive or
negative social interactions. On the other hand, AVP treatment significantly interacted with
Neuroticism to modulate the BOLD response to both positive and negative social interactions.
Specifically, AVP increased anterior cingulate cortex/medial prefrontal cortex and lateral temporal
lobe responses to negative social interactions to a greater extent in participants scoring high rather
than low on Neuroticism. AVP also increased the insula response to positive social interactions to
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a greater extent in participants scoring high rather than low on Neuroticism. These results imply
that AVP may increase emotion regulation in response to negative social interactions and the
salience of positive social interactions to a greater extent in individuals high compared to low in
Neuroticism. The current findings urge caution against uniform clinical application of
nonapeptides and suggest that their efficacy may vary as a function of personality.
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Introduction

Neuroticism is a fundamental personality trait associated with proneness to feel negative
affect (Costa & McCrag, 1992). Individuals high in Neuroticism are more prone to perceive
rejection and feel less satisfaction and intimacy in romantic relationships (Downey &
Feldman, 1996; White, Hendrick, & Hendrick, 2004). Furthermore, individuals high in
Neuroticism report heightened grief after the loss of a known other (Bailley, 1999). These
findings suggest Neuroticism is associated with greater perceived salience of social
aversiveness (Eisenberger & Lieberman, 2005). Accordingly, a growing body of
neuroimaging studies has demonstrated that Neuroticism shows a positive correlation with
the neural response to negative stimuli in brain regions involved in salience and emotion
processing, such as the insula, striatum and amygdala (Briihl, Viebke, Baumgartner,
Kaffenberger, & Herwig, 2011; Harenski, Kim, & Hamann, 2009; Paulus, Rogalsky,
Simmons, Feinstein, & Stein, 2003), as well as regions implicated in emotion regulation,
such as dorsolateral prefrontal cortex (dIPFC), anterior cingulate cortex (ACC), medial
prefrontal cortex (mPFC) and lateral temporal lobe (Canli, et al., 2001; Haas, Constable, &
Canli, 2008; Harenski, et al., 2009; Jimura, Konishi, & Miyashita, 2009; Servaas, et al.,
2013). Notably, Neuroticism is also positively correlated with the neural response to positive
stimuli in the striatum (Brihl, et al., 2011; Schaefer, Knuth, & Rumpel, 2011), suggesting
that Neuroticism is associated with enhanced salience of both negative and positive stimuli.

In addition to personality traits, there are known biological influences on human social-
emotional functioning and related brain activity. For example, the neuropeptide oxytocin
(OT) enhances trust behavior (Baumgartner, Heinrichs, Vonlanthen, Fischbacher, & Fehr,
2008), increases attention to and memory for positive stimuli (Domes, et al., 2013;
Guastella, Mitchell, & Mathews, 2008), and augments the neural response to positive social
events in brain regions associated with salience and reward processing (Groppe, et al., 2013;
Rilling, et al., 2012; Scheele, et al., 2013). Further, OT decreases cortisol stress responses
induced by negative social interactions (Ditzen, et al., 2009; Linnen, Ellenbogen, Cardoso,
& Joober, 2012), and attenuates amygdala responses to negative stimuli (Kirsch, et al., 2005;
Petrovic, Kalisch, Singer, & Dolan, 2008). On the other hand, AVP may play a role in inter-
male aggressive communication such that AVP induces agonistic facial motor patterns of
male participants in response to the faces of unknown men and attenuates perceptions of the
friendliness of those faces (Thompson, George, Walton, Orr, & Benson, 2006; Thompson,
Gupta, Miller, Mills, & Orr, 2004). Additionally, intranasal administration of AVP increased
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neural response to negative faces in brain areas important in salience processing (e.g.,
amygdala) (Brunnlieb, Minte, Tempelmann, & Heldmann, 2013) and emotional regulation
(e.g., mPFC) (Zink, Stein, Kempf, Hakimi, & Meyer-Lindenberg, 2010). Nevertheless, AVP
is not always anxiogenic, and has also been linked with affiliative, prosocial behavior in
some contexts (Goodson & Thompson, 2010). For example, intranasal vasopressin increased
empathic concern in response to emotional videos among individuals who received higher
levels of paternal warmth (Tabak, et al., 2015). Furthermore, we previously showed that
intranasal AVP treatment made men more likely to reciprocate cooperation from other men
in an iterated PD game (Rilling, et al., 2012). Finally,. AVP treatment has been shown to
enhance memory for not only angry, but also happy faces in humans (Guastella, Kenyon,
Alvares, Carson, & Hickie, 2010). Therefore, previous studies suggest that AVP may
facilitate the processing of both negative and positive events/stimuli.

Importantly, however, the effects of intranasal nonapeptide treatments on human social-
emotional functioning are not ubiquitous, but are heterogeneous across individuals (Bartz,
Zaki, Bolger, & Ochsner, 2011). For instance, OT decreased cortisol stress responses
especially among participants low rather than high in emotional regulation abilities (Quirin,
Kuhl, & Dusing, 2011). In addition, intranasal administration of OT normalizes
hyperactivity of amygdala and mPFC to negative stimuli in individuals with generalized
social anxiety disorder, whereas there were no effects of OT on the activity of amygdala and
mPFC in the control group (Labuschagne, et al., 2010, 2012). These findings suggest that
OT is better able to attenuate the salience of negative events among individuals low in
social-emotional functioning. On the contrary, the effects of OT in enhancing salience of
positive events might be blunted in individuals exhibiting low social-emotional abilities
(Scheele, et al., 2014). There has been much less research on the effects of intranasal AVP
in human social-emotional cognition and related brain functions, and to the best of our
knowledge no study has yet investigated how effects of AVP are modulated by dispositional
personality traits.

Here, we build on previous studies by investigating how Neuroticism modulates the neural
response to real-time, experienced positive and negative social interactions in the context of
an iterated Prisoner’s Dilemma (PD) game and how Neuroticism interacts with intranasal
administration of OT and AVP. The iterated PD game is a model for relationships based on
reciprocal altruism, or the reciprocal exchange of favors. In the game, two players chose to
either cooperate with each other or not. Previous studies in our lab have demonstrated that
reciprocated cooperation (CC) is associated with activation in brain regions that have been
linked with reward processing such as striatum as well as high levels of positive affect
(Rilling, et al., 2002); whereas unreciprocated cooperation (CD) is associated with activation
in insula and amygdala as well as high levels of negative affect (Rilling, et al., 2007; Rilling,
et al., 2008).

In light of previous findings, we expected that individuals scoring high on Neuroticism (as
compared to those scoring low on Neuroticism) would show a) enhanced neural activation to
negative social interactions in brain regions important in salience processing (e.g.,
amygdala, insula) and emotion regulation (e.g., dIPFC, ACC, mPFC) and b) enhanced
neural activation to positive social interactions in areas involved in reward or salience
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processing (e.g., striatum, insula). Regarding the interaction between intranasal nonapeptide
treatments and Neuroticism, we expected that OT would facilitate neural responses to
positive social interactions among individuals low in Neuroticism (high social emotional
functioning) more so than those high in Neuroticism (low social emotional functioning). We
also expected that OT would attenuate the neural response to negative social interactions
among individuals high in Neuroticism (low social emotional functioning) more so than
those low in Neuroticism (high social emational functioning). Finally, AVP might increase
neural responses to both positive and negative social interactions among individuals low in
Neuroticism more so than those high in Neuroticism, given that individuals scoring high in
Neuroticism might show strong neural responses to positive and negative events even at
baseline (i.e., the placebo group) and effects of AVP would be limited in those individuals.
Alternatively, AVP treatment might have additive effects with Neuroticism such that the
functions of AVP in enhancing neural response to positive and negative events would be
stronger among individuals high in Neuroticism than those low in Neuroticism.

Material and Methods

Subjects

153 men from the Emory University community between the ages of 18 and 22 (mean
age=20.7 years) were randomized to receive intranasal OT (n=50), intranasal AVP (n=49),
or intranasal placebo (n=54). All subjects gave written informed consent, and the study was
approved by the Emory University Institutional Review Board and the U.S. Food and Drug
Administration. Fourteen men (OT n=5, AVP n=4, and placebo n=5) were excluded from
the neuroimaging analysis due to excessive motion (>1.5 mm) (n=8), missing data (n=2),
abnormal brain anatomy (n=1) or to not completing the NEO-PI-RI questionnaire (n=3).

Behavioral procedures

Administration of OT, AVP or placebo—Both experimenters and subjects were blind
to the treatment subjects received. All solutions were administered intranasally. The OT
group self-administered 24 1U oxytocin (Syntocinin-Spray, Novartis), and the AVP group
self-administered 20 IU of AVP (American Reagent Laboratories, Shirley, NY, USA). In
each case, this required 10 nasal puffs to administer 1 ml of solution. The placebo group
self-administered 10 nasal puffs of either OT placebo or AVP placebo (both including all
ingredients, i.e., preservatives, without the active pharmacological substance). Half of the
placebo subjects received OT placebo and half received AVP placebo. Subjects were
instructed to place the nasal applicator in one nostril and depress the lever until they felt a
mist of spray in the nostril, to then breathe in deeply through the nose, and afterwards to
place the applicator in the other nostril and repeat the process.

Prisoner’s Dilemma task—In the game, two players choose to either cooperate or defect
and receive a payoff that depends upon the interaction of their respective choices. The game
version used in the current study is a sequential-choice PD game, in which player 1 chooses
and player 2 is then able to view player 1’s choice before making his own choice (Figure 1).
Each of the four outcomes is associated with a different payoff. Player cooperation followed
by partner cooperation (CC) pays $2 to both player and partner, player cooperation followed
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by partner defection (CD) pays $0 to the player and $3 to the partner, player defection
followed by partner defection (DD) pays $1 to both player and partner, and player defection
followed by partner cooperation (DC) pays $3 to the player and $0 to the partner. While
being imaged with fMRI, subjects played 30 rounds of a sequential-choice, iterated
Prisoner’s Dilemma game in each of four sessions. For two sessions, subjects were told they
were playing with the human partners (two males) they were introduced to. For the other
two sessions, subjects were told that they were playing with a computer partner. In reality,
subjects were always playing with a pre-programmed computer algorithm for all four
sessions. For both human and computer partners, in one of the two sessions, subjects played
in the role of first mover (player 1) and their partner played in the role of second mover
(player 2). In the second session, roles were reversed. Subjects were compensated with a
total of approximately $120; the exact amount was obtained by multiplying the total
earnings across all four runs of the PD Game by 2/3.

NEO Personality Inventory—Between one day and two weeks after the fMRI scan,
participants returned to the lab to complete the NEO-PI-R (240 items answered on a 5-point
scale) to measure the personality traits: Neuroticism, Extraversion, Agreeableness,
Openness, and Conscientiousness (Costa & McCrae, 1992). In the current sample of
subjects, the Cronbach’s alpha for the Neuroticism scale was 0.92.

Neuroimaging procedures

Behavioral analysis—In this manuscript, statistical analyses are limited to player 1 data
with human partners. The frequencies of CC and CD outcomes and Neuroticism scores were
compared across treatment groups (OT, AVP, placebo) using one-way ANOVA.
Correlations between Neuroticism and the number of CC and CD outcomes were calculated
across all three drug treatment groups combined while controlling for drug treatment, as
well as separately for each drug group.

Anatomical image acquisition—Subjects were positioned head first in the supine
position inside the scanner (Siemens Trio 3T), with padded head restraint to minimize head
motion during scanning. Each scanning session began with a 15 s scout, followed by a 5 min
T1-weighted MPRAGE 3d scan that was acquired in the sagittal plane and accelerated by
generalized auto-calibrating partially parallel acquisitions (GRAPPA) with a factor of 2
(TR=2600 ms, TE=3.02 ms, matrix=256x256x176, FOV=256 mmx256 mmx176 mm, slice
thickness=1.00 mm, gap=0 mm).

fMRI image acquisition—Subjects were imaged while playing the PD game. Functional
scans used an EPI sequence with the following parameters: TR=2000 ms, TE=28 ms,
matrix=64x64, FOV=224 mm, slice thickness=2.5 mm, 34 axial slices with a slice gap of
1.05 mm. TE was minimally decreased from the typical value (32 ms) in order to reduce
magnetic susceptibility artifact in the orbitofrontal region. The duration of each EPI scan
was about 12 min (30 PD roundx~20 s per round, plus five null trialsx14 s per trial). After
each of the four sessions, while still in the scanner, subjects rated their emotional reaction to
the four PD game outcomes (CC, CD, DC, and DD). Seven-point Likert scales were used to
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rate the following emotions or feelings: afraid, angry, happy, guilty, disappointed, and
relieved.

MRI image analysis—Image processing was conducted with FEAT (FMRI Expert
Analysis Tool) version 6.00, part of FSL (FMRIB’s Software Library, http://
fsl.fmrib.ox.ac.uk/fsl/fslwiki/). Preprocessing involved motion correction using MCFLIRT
(Jenkinson, Bannister, Brady, & Smith, 2002), slice timing correction using Fourier-space
time-series phase-shifting, non-brain removal using BET (Smith, 2002), spatial smoothing
using a Gaussian kernel of FWHM 5 mm, grand-mean intensity normalization of the entire
4D dataset by a single multiplicative factor, and highpass temporal filtering (Gaussian-
weighted least-squares straight line fitting, with cut-off=100.0 s). Registration to MNI space
via corresponding extracted T1 brain was carried out using Boundary-Based-Registration
(Greve & Fischl, 2009). Time-series statistical analysis was carried out using FILM with
local autocorrelation correction (Woolrich, Ripley, Brady, & Smith, 2001).

For the player 1 runs, a separate general linear model (GLM) was defined for each subject
that examined the neural response to both the epoch in which the choice to cooperate or
defect was made, as well as to the epoch in which the trial outcome was revealed. More
specifically, the following regressors were defined for each subject in the role of player 1:
(1) the beginning epoch when round number and the partner’s face or a picture of computer
was displayed, (2) the choice epoch when the subject chose to cooperate (choice C), (3) the
choice epoch when the subject chose to defect (Choice D), (4) CC outcomes, (5) CD
outcomes, (6) DC outcomes, and (7) DD outcomes. Parameter estimates for CC and CD
outcomes were computed at every voxel within the brain for second (group) level analysis.

At the group level, random effect models were specified to investigate the influence of
Neuroticism on the blood-oxygen-level dependent (BOLD) fMRI response to CC and CD
outcomes and its interactions with nonapeptide (OT/AVP vs. placebo) treatments. First, we
investigated correlations between the BOLD fMRI response and Neuroticism, including data
from all three drug treatment groups, while controlling for drug effect by adding two dummy
variables corresponding to drug treatments into the GLM model as nuisance regressors. The
first dummy variable was coded as 1 if intranasal OT was administered and O otherwise. The
second dummy variable was coded as 1 if intranasal AVP was administered and 0 otherwise.
Furthermore, we assessed the potential interaction of drug treatments with Neuroticism by
comparing correlations of Neuroticism with BOLD fMRI response between nonapeptide
(OT/AVP) treatments and placebo treatment. Higher level (group level) analysis was carried
out using Ordinary Least Square (OLS) model in FEAT. Unless noted otherwise, the Z
statistic images were thresholded using clusters determined by Z>1.96 (voxel-wise 2-tailed
p<0.05), and a family-wise error (FWE)—corrected cluster significance threshold of p<0.05
was applied to the supra-threshold clusters. To visualize results from whole-brain analyses,
functional regions of interest (ROIs) were defined as a 10 mm cube centered on the voxel of
peak activation. Average percent signal changes of each ROI were extracted via FSL’s
Featquery (http://fsl.fmrib.ox.ac.uk/fsl/fsl4.0/feat5/featquery.html).

Other methodological details, such as exclusion criteria of subjects, the preparation of drugs,
PD tutorial and practice trials, pre-programmed computer algorithm for the PD game,
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monitoring of vital signs, Positive and Negative Affect Schedule (PANAS) ratings,
counterbalancing of human and computer sessions, and confederate introductions are
described in our recent study (Rilling, et al., 2012).

Results

Behavioral Results

The number of CC and CD outcomes and Neuroticism scores in each drug group are
illustrated in Table 1. There were no significant effects of drug treatments on these variables
(all p>0.05). In addition, there were no significant correlations between Neuroticism and
number of CC or CD outcomes (Table 2, all p>0.05).

Neuroimaging Results

CD outcomes—Neuroticism was positively correlated with BOLD responses to CD
outcomes in several brain regions including ACC/mPFC, frontal pole, precuneus/cuneus,
and middle temporal cortex (a more stringent voxel-wise threshold of p<0.01, one tailed
along with the cluster threshold of p<0.05 FWE corrected was employed to better localize
activations, Figure 2 & Table 3), while controlling for drug treatment (OT, AVP, placebo).
Furthermore, there were significant interactions between AVP treatments and Neuroticism
on activation in the ACC/mPFC and left lateral temporal lobe (Figure 3 & Table 4). These
interactions revealed that AVP treatment (as compared to placebo treatment) increased
ACC/mPFC and lateral temporal lobe response to negative social interactions to a greater
extent among participants scoring high on Neuroticism compared to those scoring low on
Neuroticism (Figure 3). There were no significant interactions of Neuroticism with OT
treatment on the fMRI response to CD outcomes with the same threshold.

CC outcomes—Neuroticism was positively correlated with BOLD responses to CC
outcomes in several brain regions, including bilateral insula/putamen, left frontal pole, and
right dIPFC (a more stringent voxel-wise threshold of p<0.005 along with the cluster
threshold of p<0.05 FWE corrected was employed to better localize activations, Figure 4 &
Table 5), while controlling for drug treatment (OT, AVP, placebo). Furthermore, there were
significant interactions of Neuroticism with AVP treatment on the BOLD responses in the
right insula (30/20/6 mm, cluster size=54, Z=4.28, voxel-wise threshold of p<0.001 along
with the cluster size larger than 40 voxels, Figure 4), revealing that AVP treatment (as
compared to placebo treatment) increased right insula response to positive social interactions
to a greater extent among participants scoring high on Neuroticism compared to those
scoring low on Neuroticism. Notably, this brain region was also identified using voxel-wise
threshold of p<0.05 along with the cluster threshold of p<0.05 FWE corrected (30/20/6 mm,
cluster size=2543, Z=4.28). There were no significant interactions of Neuroticism with OT
treatment on the fMRI response to CC outcomes with the same threshold.
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Discussion

The goal of the current study was to examine how Neuroticism modulates the neural
response to positive and negative social interactions and how Neuroticism interacts with
intranasal OT and AVP administration to influence the neural response to social interactions.

Our first hypothesis was that individuals scoring high on Neuroticism (as compared to those
scoring low on Neuroticism) would show enhanced neural activation to negative social
interactions in brain regions important in salience processing (e.g., amygdala, insula) and
emotion regulation (e.g., ACC, mPFC). In addition, Neuroticism was expected to show
positive correlation with neural activation to positive social interactions in areas involved in
reward or salience processing (e.g., striatum, insula). These were partially confirmed by our
results insofar as there were positive correlations between Neuroticism and the neural
response to negative social interactions in the ACC/mPFC and positive correlations between
Neuroticism and the neural response to positive social interactions in the insula.

Our findings complement previous reports that Neuroticism is positively correlated with the
neural response to positive pictures in brain regions associated with salience (Brihl, et al.,
2011; Schaefer, et al., 2011) and with the neural response to negative pictures/words in brain
areas related to emotion regulation (Canli, et al., 2001; Harenski, et al., 2009; Jimura, et al.,
2009; Servaas, et al., 2013). These findings suggest that Neuroticism modulates
neuropsychological processing of both negative and positive events. Notably, we did not
find expected relations between Neuroticism and neural response to negative events in
salience-related brain regions (e.g., insula and amygdala). Although several previous studies
have reported that individual high in Neuroticism showed stronger neural response to
negative stimuli in the insula or amygdala (Brihl, et al., 2011; Harenski, et al., 2009; Paulus,
et al., 2003), a recent meta-analysis concluded that there is no consistent correlation between
Neuroticism and amygdala/insula activity to emotional stimuli (Servaas, et al., 2013). We
speculate that enhanced activation in emotion regulation areas among individuals high in
Neuroticism might inhibit hyperactivity of salience-related areas to negative events.
Alternatively, Neuroticism may interact with other factors to modulate emotional responses.
For example, the association between Neuroticism and depressive symptomology is buffered
by perceived social support (Dwyer, Murphy, O’Sullivan, & Di Blasi, 2014), and the
association between Neuroticism and poor organizational performance is buffered by
cognitive ability (Perkins & Corr, 2006).

Second, we expected that Neuroticism would interact with intranasal OT treatment to
influence the neural response to both negative and positive social interactions. However, this
hypothesis was not supported by our findings. This null finding is surprising since previous
studies have frequently reported that the effects of OT on social-emotional functioning are
modulated by characteristics of individuals (Bartz, et al., 2011). However, previous
observations on how personality traits modulate the effects of OT are not conclusive. On the
one hand, many studies have reported that the effects of OT in reducing stress or the
salience of negative events are more effective in individuals exhibiting low rather than high
social-emotional abilities (De Dreu, 2012; Labuschagne, et al., 2010, 2012; Quirin, et al.,
2011; Simeon, et al., 2011). On the other hand, several other studies have shown that these
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OT functions might be blunted in individuals with unsupportive early parenting experiences
(Bakermans-Kranenburg, van 1Jzendoorn, Riem, Tops, & Alink, 2011; Meinlschmidt &
Heim, 2007). Accordingly, a recent meta-analysis showed that effectiveness of intranasal
OT administration is diminished among clinical samples associated with untoward
childhood experiences (e.g., social anxiety) (Bakermans-Kranenburg & van lJzendoorn,
2013). Therefore, exactly how characteristics of individuals modulate OT functions in
social-emotional cognition awaits further investigation.

Finally, our findings confirmed our hypothesis that AVP treatment would interact with
Neuroticism to modulate the BOLD response to both positive and negative social
interactions, suggesting that AVP effects on brain function are modulated by personality. In
particular, AVP increased ACC/mPFC and lateral temporal lobe response to negative social
interactions to a greater extent in participants scoring high on Neuroticism compared to
those scoring low on Neuroticism. ACC/mPFC is involved in controlled, top-down
regulation of negative emotional processing (Etkin, Egner, & Kalisch, 2011) and is activated
when emotional conflict needs to be overridden (Egner, Etkin, Gale, & Hirsch, 2008; Etkin,
Egner, Peraza, Kandel, & Hirsch, 2006) or when participants reappraise their emotional
feelings (Kanske, Heissler, Schonfelder, Bongers, & Wessa, 2010; Urry, et al., 2006).
Furthermore, lateral temporal lobe is consistently involved in reappraisal strategy of emotion
regulation (Goldin, McRae, Ramel, & Gross, 2008; Ochsner, Bunge, Gross, & Gabrieli,
2002). This region is thought to represent semantic knowledge about emotion and may play
an intermediary role between prefrontal control systems and emotional processing systems
in emotion regulation (Ochsner, Silvers, & Buhle, 2012; Silvers, Buhle, Ochsner, & Silvers,
2013). Therefore, the current findings suggest that AVP may have increased emotion
regulation in response to negative social interactions to a greater extent in participants high
in Neuroticism as compared to those low in Neuroticism. Similarly, AVP increased the
insula response to positive social interactions to a greater extent in participants high in
Neuroticism relative to those low in Neuroticism. Given the crucial role of insula in salience
processing (Menon & Uddin, 2010), our results suggest that AVP increases the salience of
positive social interactions to a greater extent in participants high in Neuroticism than those
low in Neuroticism. In short, the patterns of interaction between AVP treatment and
Neuroticism suggest that AVP increases the neural response to both negative and positive
events more so among individuals high rather than low in Neuroticism.

Taken together, our findings complement previous observations that Neuroticism influences
neural responses to both positive and negative pictures or words by demonstrating
modulation of neural responses to positive and negative social interactions by Neuroticism.
More importantly, our observed interactions between AVP treatment and Neuroticism on the
neural response to social interactions are generally consistent with recent ideas that
individual characteristics modulate the efficacy of intranasally administered nonapeptides
(Bartz, et al., 2011; OIff, et al., 2013). These findings urge caution against uniform
application of nonapeptides and suggest that clinical efficacy of nonapeptides or their
antagonists may vary as a function of personality, which might have implications in the
potential use of nonapeptides or their antagonists to treat a variety of psychiatric disorders
(Meyer-Lindenberg, Domes, Kirsch, & Heinrichs, 2011).
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Figure 1.
Timeline of PD task.
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Precuneus/Cuneus FIROR Pots ACC/mPFC Middle temporal cortex

Figure 2.
Brain regions where Neuroticism positively correlated with the neural response to CD

outcomes, controlling for drug treatments (voxel-wise threshold of one-tailed p<0.01 in
conjunction with cluster-wise threshold of p<0.05 FWE-corrected). ACC=anterior cingulate
cortex, mPFC=medial prefrontal cortex.
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Figure 3.
Interactions between AVP treatment and Neuroticism on the BOLD response to CD

outcomes. a) Brain regions where AVP increased neural response to CD outcomes among
participants high in Neuroticism more so than those low in Neuroticism (voxel-wise
threshold of two-tailed p<0.05 in conjunction with cluster-wise threshold of p<0.05 FWE-
corrected). b) Scatter plots from functionally defined region of interest (ROI) at lateral
temporal lobe and ACC/mPFC, which confirmed whole-brain analysis illustrated in a).
ACC=anterior cingulate cortex, mPFC=medial prefrontal cortex.
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a) Frontal pole

Figure 4.

Interactions between AVP treatment and Neuroticism on the BOLD response to CC

Insula/Putamen

~

% siginal changes in response to CCh

Page 18
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10 20 30

40 50 60
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outcomes. a) Brain regions where Neuroticism positively correlated with the neural response
to CC outcomes, controlling for drug treatments (voxel-wise threshold of two-tailed p<0.005
in conjunction with cluster-wise threshold of p<0.05 FWE-corrected). b) Brain regions
where AVP increased neural response to CC outcomes among participants high in
Neuroticism more so than those low in Neuroticism (voxel-wise threshold of two-tailed
p<0.001 along with the cluster size larger than 40 voxels). ¢) Scatter plots from functionally
defined region of interest (ROI) at insula, which confirmed whole-brain analysis illustrated

in b). dIPFC=dorsolateral prefrontal cortex.
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Table 2

The correlation coefficient (p value) between Neuroticism and number of CC and CD outcomes in each drug
treatment.

Neuroticism correlates with placebo oxytocin vasopressin  all groups
# of CC outcomes 0.05(0.71)  0.04(0.79)  0.21(0.16) 0.10(0.22)
# of CD outcomes -0.06 (0.70)  0.002 (0.99) 0.08 (0.60)  0.01(0.87)
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