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Arginine vasopressin (AVP) is a powerful regulator of various social behaviors across
many species. However, seemingly contradictory effects of AVP have been found in
both animal and human studies, e.g., promoting aggression on one hand and facilitating
social bonding on the other hand. Therefore, we hypothesize that the role of AVP
in social behaviors is context-dependent. To this end, we examined the modulatory
effect of AVP on male’s behavioral and neural responses to infant and adult cues. After
intranasal and double-blind treatment of AVP or placebo, male participants were asked
to rate their subjective approaching willingness to infant and adult faces in specific
contexts informed by cue words while EEG recording. Our results showed that AVP
treatment increased approaching ratings to neutral and positive other-gender adult faces
compared to emotional matched same-gender adult faces, and to negative girl faces
compared to negative boy faces. Furthermore, compared to placebo treatment, AVP
treatment induced larger N1 amplitudes to neutral cues associated with both adults
and infants, whereas AVP treatment only sustained pronounced late positive potential
amplitudes to neutral cues of infants but not adults. Those findings implicate differential
roles of AVP in the processing of adult- and infant-related cues and thus lend support
to the context-dependent account.

Keywords: vasopressin, event-related potential (ERP), infant cues, emotion, faces

INTRODUCTION

Vasopressin (AVP, a neuropeptide) is a powerful regulator of various social behaviors across many
species, from rodents to primates and humans (Thompson et al., 2006; Donaldson and Young,
2008; Insel, 2010). On the one hand, early animal studies have demonstrated that AVP is associated
with defensive aggression (Ferris et al., 1986, 1997; Young et al., 1997; Semsar et al., 2001; Caldwell
and Albers, 2004) and territorial behavior (Bielsky and Young, 2004; Meyer-Lindenberg et al.,
2011; Caldwell, 2017). The dominant male voles have more AVP-immunoreactive neurons than
subordinate one (Rosen et al., 2007; Qiao et al., 2014). In addition, the injection of AVP into
anterior hypothalamus resulted in increased aggressive behaviors in male hamsters (Caldwell and
Albers, 2004). On the other hand, AVP has been found to facilitate pair bonds (Winslow et al., 1993;
Liu et al., 2001; Gobrogge et al., 2009) and paternal caregiving behaviors in males (for a review, see
Goodson and Bass, 2001). Intranasal treatment of AVP induced affiliative responses toward females
or a partner in male callicebus cupreus (Jarcho et al., 2011) and increased preference for the familiar
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partner in prairie voles (Cho et al., 1999). Furthermore, AVP is
associated with increased vigilance to selective protection and
affiliative behaviors (e.g., grooming) to the young (Carter, 1998;
Kim et al., 2014).

Based on animal research, the past decade has witnessed
an increasing interest in exploring the modulations of AVP on
human social functioning. Similar to findings of animal studies,
AVP could induce both aggression-related responses and social
bonding among humans. Regarding the role of AVP in human
aggression, it has demonstrated that the cereborspinal fluid
level of AVP was positively correlated with the aggressive life
histories in individuals with personality-disorder (Coccaro et al.,
1998). Furthermore, intranasal AVP stimulated agonistic facial
motor patterns and decreased friendliness ratings to same-sex
facial expressions in men (Thompson et al., 2004, 2006). Lastly,
intranasal AVP decreased the accuracy in inferring emotions
from eyes of others (Uzefovsky et al., 2012). Regarding the role
of AVP in social bonding, intranasal AVP promotes cooperation
among strangers (Rilling et al., 2012, 2014; Feng et al., 2015;
Brunnlieb et al., 2016), facilitates pair-bonding (Walum et al.,
2008; Taylor et al., 2010), and supports fatherhood (Settersten,
2011; Kim et al., 2014).

Taken together, previous animal and human studies revealed
seemingly contradictory roles of AVP in social behaviors, i.e.,
promoting aggression on one hand and facilitating social bonding
on the other hand. Nevertheless, both aggression and social
bonding are adaptive in particular environment. Therefore, it
is possible that the role of AVP in social behaviors is context-
dependent, closely related to specific targets (e.g., strangers,
infants) that one is interacting with. The current work examined
this hypothesis by investigating the potential effects of AVP
in the processing of two different types stimuli, i.e., infant-
related and adult-related cues. Specifically, in a randomized,
placebo-controlled, double-blind event-related potential (ERP)
study, male participants were presented with negative, neutral,
and happy facial expressions as well as the specific contexts in
which those expressions happened (e.g., “baby cried because of
boredom” or “baby cried because of illness”). ERP signals were
recoded for both contextual and facial cues. Participants were
asked to indicate how much they were willing to approach to each
target based on contextual and facial expression information.

Previous ERP studies on the processing of infant and adult
cues have frequently revealed modulations of both early (e.g., N1,
N170) and late temporal dynamics (e.g., P300, LPP) (Eimer and
Holmes, 2007; Luo et al., 2010). Compared to neutral stimuli,
negative infant cues induced larger N1 (Proverbio et al., 2006)
and 170 amplitude in the early temporal stage (Proverbio et al.,
2006; Rodrigo et al., 2011; Doi and Shinohara, 2012; Peltola
et al., 2014; Ma et al., 2017; Rutherford et al., 2017) as well as
more pronounced P300/LPP amplitude at the late temporal stage
(Proverbio et al., 2006; Doi and Shinohara, 2012; Bernard et al.,
2015; Malak et al., 2015; Ma et al., 2017). Likewise, positive infant
stimuli compared to the neutral cues are associated shorter N1
latency (Peltola et al., 2014), larger N170 amplitudes (Bernard
et al., 2015; Ma et al., 2017) at the early temporal stage, as
well as larger P300 or later positive potential (LPP) at the late
temporal stage (Proverbio et al., 2006; Doi and Shinohara, 2012;

Bernard et al., 2015; Malak et al., 2015). However, contradictory
findings have been also reported, such that the neutral infant cues
were sometimes associated with shorter N170 latency (Ma et al.,
2017) and larger prefrontal N2 amplitude (Proverbio et al., 2006)
compared to emotional infant cues.

Regarding adult cues, relative to neutral stimuli, both negative
(Eimer and Holmes, 2002; Balconi and Pozzoli, 2003; Batty
and Taylor, 2003; Ashley et al., 2004; Holmes et al., 2005; Sun
et al., 2017) and positive adult cues (Eimer and Holmes, 2007;
Grasso et al., 2009; Calvo and Beltran, 2014; Morel et al., 2014;
Neath-Tavares and Itier, 2016; Sun et al., 2017) are found to
be associated with larger ERP responses at early temporal stage
(e.g., <200 ms), including N1 (Eimer and Holmes, 2002; Eger
et al., 2003; Bar-Haim et al., 2005; Luo et al., 2010) and N170 in
occipital-temporal areas (Batty and Taylor, 2003; Caharel et al.,
2005; Blau et al., 2007; Eimer and Holmes, 2007; Righart and De
Gelder, 2008; Calvo and Beltran, 2014; Morel et al., 2014; Neath-
Tavares and Itier, 2016; Sun et al., 2017), as well as enhanced late
ERP responses, such as P300 and LPP (Eimer and Holmes, 2007;
Grasso et al., 2009; Luo et al., 2010; Calvo and Beltran, 2014; Sun
et al., 2017). However, other studies have identified that larger
ERP amplitudes for neutral stimuli compared to the emotional
adult cues, including P1 (Bar-Haim et al., 2005), N1 (Eimer and
Holmes, 2002), N2 (Eimer and Holmes, 2002; Carretié et al.,
2004), and LPP components (Krolak-Salmon et al., 2001). This
finding could be attributed to the ambiguity or uncertainty of
the neutral stimuli (Thompson et al., 2004, 2006). Indeed, neutral
cues could be perceived as either threatening (Felmingham et al.,
2003; Meyer et al., 2004; Cooney et al., 2006; Yoon and Zinbarg,
2008) or favorable stimuli (Krieglmeyer and Deutsch, 2013).
Other study indicated that neutral faces was associated with a
state of relaxation (Mignault and Chaudhuri, 2003), and therefore
may weaken the vigilance from others.

Taken together, previous studies have identified modulations
of both infant and adult cues at both early and late temporal
stages. However, a majority of studies have mainly focused on the
processing of infant and adult stimuli in a context-free manner,
i.e., participants in these studies were exposed to the stimuli
without contextual information. In our opinion, this is different
from the way we perceive emotions of others in daily life, in
which we often know the background information associated
with others’ emotions. In addition, little is known about how
emotions of infants and adults are modulated by AVP. The
current work aimed to tackle these issues combining intranasal
AVP treatment and an experimental design comprising both
emotional expressions and contextual information.

In light of previous findings, we hypothesized that both
infant and adult stimuli would modulate temporal dynamics
at both early and late stages. These might be manifested as
larger amplitude of early (e.g., N1, N170) and late (e.g., LPP)
components induced by emotional stimuli compared to neutral
faces. We further hypothesized that AVP would modulate the
processing of infant and adult stimuli in a different manner, such
as rendering neutral infant faces more approachable but neutral
adult faces less approachable. Notably, however, it is difficult to
derive specific hypotheses from the current literature about the
effect of AVP at different temporal stages.
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FIGURE 1 | Experimental procedure and design. (A) The procedure of experiment. (B) One trial of infant task. (C) One trial of adult task.

MATERIALS AND METHODS

Participants
Forty-eight males aged 18–26 years (mean age: 22.46, SD = 2.02)
participated in the present study. They were randomly assigned
to receive vasopressin (n = 24) or placebo (n = 24) treatment
(Figure 1A). There was no significant difference between
two groups with respect to age and education level among
other demographic dimensions (Table 1). All participants
had normal or corrected-to-normal vision, and did not have
any history of psychiatric or neurological illness. Written
informed consents were collected for all participants prior to
the experiment. Participants were instructed to abstain from
alcohol and caffeine on the day and from food and drink (except
water) 2 h before drug administration. This study and the
recruitment of participants were approved by Ethics Committee
of Beijing Normal University and it was performed strictly
in accordance with the approved guidelines. One participant
from the placebo group was excluded from the ERP data
analysis due to technical failure of electroencephalogram (EEG)
recording.

Stimuli
Photographs of infant faces were adapted from online resources1.
A total of 70 baby faces (35 boys and 35 girls) were selected,
consisting of sad (n = 28), neutral (n = 14), and happy
(n = 28) expressions. To validate the emotional category of
infant faces, an additional group of 37 participants were recruited
to rate the emotional valence (“To what extent this baby faces
made you pleased?”), arousal (“To what extent this baby faces
made you excited?”) on a nine-Likert scale, and to classify
each face (“Is this baby happy, sad, or neutral?”). The results
showed that three categories of infant faces (i.e., sad, neutral,
and happy) showed significant differences in emotional valence
[F(2,72) = 49.69, p < 0.001, η2

p = 0.58; happy = 6.20 ± 0.15;
sad = 3.95 ± 1.71; neutral = 5.56 ± 0.095; pairwise comparisons,
all p < 0.001], and arousal [F(2,72) = 28.29, p < 0.001, η2

p = 0.44;
happy = 3.92 ± 1.89; sad = 5.48 ± 2.40; neutral = 3.94 ± 0.18;
pairwise comparisons: sad/happy vs. neutral, p < 0.001, happy vs.
sad, p > 0.05]. The results are consistent with the native Chinese
Affective Face Picture System (Gong et al., 2011). In addition,

1https://www.vcg.com/
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TABLE 1 | Demographics information from participants.

Placebo group AVP group

(n = 24) (n = 24)

Mean (SD) Mean (SD) Two sample t-test (df = 46) p-Value

Age 22.42 (1.95) 22.21 (2.00) 0.365 0.717

Height (cm) 174.97 (5.73) 174.50 (4.08) 0.325 0.746

Weight (kg) 71.27 (14.81) 67.88 (8.41) 0.977 0.334

Number of siblings 0.79 (1.44) 1.29 (1.30) −1.260 0.214

Prior-Positive Affect Schedule 31.54 (6.16) 32.50 (5.90) −0.551 0.585

Prior-Negative Affect Schedule 18.25 (6.42) 19.08 (8.77) −0.376 0.709

Prior-State Anxiety 38.83 (7.81) 36.83 (11.35) 0.711 0.481

Post-Positive Affect Schedule 30.50 (7.52) 30.75 (6.60) −0.122 0.903

Post-Negative Affect Schedule 20.00 (6.55) 20.63 (7.46) −0.308 0.759

Post-State Anxiety 40.83 (9.38) 41.46 (12.18) −0.199 0.843

Percentage (counts) Percentage (counts) Person Chi-square (df = 1) p-Value

Handedness (L/R) 4.17% (1/23) 0% (0/24) 1.021 0.312

Relationship status (relationship/single) 41.17 (10/14) 33.33% (8/16) 0.356 0.551

Sexual orientation (non-heterosexual/heterosexual) 8.33% (2/22) 8.33% (2/22) 0.000 1.000

Only child (yes/no) 66.67% (16/8) 37.5% (9/15) 4.090 0.043

Experiences in taking care of child (yes/no) 58.33% (14/10) 70.83% (17/7) 0.820 0.365

Preferences in gender of one’s own baby (girl/boy) 54.17% (13/11) 41.67 (10/14) 0.751 0.386

Average rank (SD) Average rank (SD) Mann–Whitney test (Z) p-Value

Education level 1.38 (0.49) 1.33 (0.56) −0.490 0.624

Birth sequence 1.33 (1.05) 1.71 (0.81) −2.592 0.010

Family income 2.54 (1.25) 2.13 (1.12) −1.351 0.177

The loveliness of infants 3.71 (0.75) 3.5 (1.02) −0.703 0.482

The education level were rated for three ranks (1 = Bachelor, 2 = Master, 3 = Doctor). The family income included six ranks (1 = 1–6 millions/every year; 2 = 6–12
million/every year; 3 = 12–24 millions/years; 4 = 24–36 millions/years; 5 = 36–60 millions/years; 6 = 60–100 millions/years). The loveliness of infants were divided into five
ranks (from 1 “not at all” to 5 “very much”).

the average classification accuracy reaches 97.10% for sad faces,
93.24% for happy faces, and 88.61% for neutral faces. Adult faces
were selected from native Chinese Affective Face Picture System
(Gong et al., 2011). Twenty-eight sad faces, 14 neutral faces, and
28 happy faces were selected, resulting in 70 adult faces (35 males
and 35 females) in total. All images were normalized to the same
luminance and contrast.

Administration of AVP or Placebo
Intranasal administration has been widely applied in human
and regarded as an effective method to bypass the blood–
brain barrier and directly affect central nervous system (Waller
et al., 2015; Rutherford et al., 2017). In present study, the AVP
and placebo solutions were formulated by a trained research
assistant who did not interact with subjects. The solutions were
immediately sterilized before being transferred to sterile conical
tube and stored at −80◦C until use. On the day of the study, the
drug was transferred to a nasal spray bottle. All solutions were
administered intranasally. Both experimenters and participants
were blind to the treatment participants received. The double-
blind was also maintained by the research assistant. The AVP
group self-administered 20 IU (Guastella et al., 2010, 2011; Rilling

et al., 2012, 2017; Uzefovsky et al., 2012; Kenyon et al., 2013; Chen
et al., 2016) arginine vasopressin (AVP) (ProSpec2). In each case,
this required six nasal puffs to administer 0.5 ml of solution. The
placebo group self-administered six nasal puffs of sterile saline.
Participants 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 afterward
to place the applicator in the other nostril and repeat the process.
The experimental tasks began at about 80 min (79.77 ± 2.55)
after drug administration (Born et al., 2002). After experiment, all
participants were asked to report what (is it AVP or saline) they
thought they received. The results showed the average accuracy
reaches 45.83% for all participants, which did not significantly
different from the random level [χ2(1) = 0.33, p = 0.56]. And
there is no significant difference between placebo group and AVP
group [45.83 vs. 45.83%, χ2(1) = 0.00, p = 1.00].

Experimental Tasks
Experiments were conducted in a dimly lit and sound-attenuated
chamber with a CRT monitor approximately 80 cm away from

2https://www.prospecbio.com/Vasopressin
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participants’ eyes. All participants performed an infant task
and an adult task, the orders of which were counterbalanced
across participants. In the infant task, participants were presented
with sad (negative), neutral and happy (positive) expressions
of infant photos as well as cue words indicating the situations
in which those photos were putatively taken. Specifically, sad
expressions were associated with “sick” (survival-related item)
and “boring” (survival-unrelated item); neutral expressions with
“sitting”; and happy expressions with “full” (survival-related
item) and “playing” (survival-unrelated item). Each association
was presented 14 times in each of three blocks of the task,
resulting in 70 trials per block. On each trial, a cue word was
presented (1600∼2200 ms) and followed by a facial expression
(800 ms). Each trial was ended with a jitter (800∼1400 ms),
during which a black screen was shown. Participants were
instructed to respond to each facial expression by indicating how
much they wanted to approach to the baby in the photo with a
four-Likert scale (from 1 “not at all” to 4 “very much”).To reduce
ocular artifact in the ERP analysis windows, participants were
asked to blink only during the jitter. The procedure of infant task
was illustrated in Figure 1B.

The adult task, also consisting of three blocks, was similar to
the infant task except that (i) adult faces were presented and (ii)
sad expressions were associated with “bereaved” (survival-related
item) and “lost” (survival-unrelated item); neutral expressions
with “sitting”; and happy expressions with “reunion” (survival-
related item) and “traveling” (survival-unrelated item). The
procedure of adult task was illustrated in Figure 1C.

Post-rating
After experiment, the subjects were asked to rate their feelings of
empathy ratings (“To what extent you can feel the emotions of the
baby or adult in this type of photos?”), valence ratings (“To what
extent this type of photos made you pleased during experiment?”),
and arousal ratings (“To what extent this type of photos made
you excited during experiment?”) in response to each emotional
conditions (i.e., negative, neutral, and positive) with a nine-Likert
scale (from 1 “not at all” to 9 “very much”).

Mood Measurements
To evaluate any effects of AVP on mood or anxiety, participants
also completed the Positive and Negative Affect Schedule
(PANAS) (Watson et al., 1988) and State Anxiety (SAI)
(Spielberger, 1983) before drug administration and at the end of
experiment.

Behavioral Data Analysis
The behavioral data analyses were conducted in the SPSS (IBM
SPSS Statistics, v.21). p-Values were corrected for deviations
according to Greenhouse–Geisser correction if necessary.
Bonferroni correction was used for multiple comparisons unless
noted otherwise. Notably, since we did not identify reliable
differences in either behavioral or neural responses to survival-
related and survival-unrelated conditions, these conditions were
collapsed in both behavioral and ERP analyses. In addition, four
participants were non-exclusively heterosexuality. Therefore, we
added supplementary analyses by excluding these four subjects.

These analyses revealed similar findings and were illustrated in
Supplementary Table S1.

Main Tasks
For the emotional task, participants’ approaching ratings to each
person in the photo and their response times (RTs) were analyzed.
Four-way repeated measures analysis of variances (ANOVAs)
were implemented with Drug (placebo vs. AVP) and Tasks (infant
task vs. adult task) as the between-subjects factors, Emotional
valence (negative vs. neutral vs. positive) and Gender (boy/male
vs. girl/female) as within-subjects factors.

Post-ratings
Three-way repeated measures ANOVAs were implemented with
Drug (placebo vs. AVP), Tasks (infant task vs. adult task) and
Emotional valence (negative vs. neutral vs. positive) on the
average scores of empathy, valence, and arousal ratings.

Mood Measurements
Two samples t-test were implemented to examine effects of
drug treatments (placebo vs. AVP) on state feelings measured
with PANAS and State Anxiety before and at the end of the
experiment.

EEG Recording
The EEG was recorded from 64 scalp sites using electrodes
mounted in an elastic cap (Compumedics, Houston, TX,
United States), with an online reference to the left mastoid.
The horizontal electroencephalogram (HEOG) was recorded
with two electrodes placing laterally to the right and left eyes.
The vertical electroencephalogram (VEOG) was recorded with
electrodes placed above and below the left eye. All inter-electrode
impedances were maintained below 10 k�. The EEG and EOG
were amplified using a 0.05–100 Hz band-pass and continuously
sampled at 500 Hz in each channel for off-line analysis. EEGs
were first re-referenced to the algebraic average of left mastoid
and right mastoid and then to the average of all of the electrodes.
Data were then corrected for ocular artifacts with algorithm
implemented in the Neuroscan Edit 4.5 software (Compumedics,
Houston, TX, United States). The resulting data were then
epoched from −200 to 800 ms relative to the onset of stimuli
(i.e., cue words or faces), and baseline corrected from −200 to
0 ms. Afterward, EEG data were low-pass filtered below 30 Hz.
Artifact rejection was performed for all of the EEG channels, and
the rejection criteria was ±80 µV.

Data Reduction and Analysis
Event-related potentials elicited by both cue words and faces
were analyzed. Based on the inspection of grand-averaged ERP
waveforms and previous studies of emotion processing (Luo
et al., 2010; Gong et al., 2011), three different ERP components,
anterior N1, N170 (posterior N1) and LPP were measured in
the current study. Different sets of electrodes were chosen for
the area measurements of these components. Specifically, fronto-
central electrodes (FC3/FC4/FC5/FC6) (Penga et al., 2012) were
chosen for anterior N1 component (120–160 ms); occipito-
temporal electrodes (P7/P8/PO7/PO8/O1/O2) (Luo et al., 2010;
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Penga et al., 2012) were chosen for N170 component (180–
220 ms); centro-parietal electrodes (C5/C6/CP5/CP6/P5/P6)
(Gootjes et al., 2011) were chosen for LPP component (300–
700 ms). The mean of amplitudes of these components were then
analyzed in repeated measures ANOVAs with the factors of Drug
(placebo vs. AVP) and Tasks (infant task vs. adult task) as the
between-subjects factors, Emotional valence (negative vs. neutral
vs. positive), Hemisphere (left vs. right) as well as Electrode
as within-subjects factors. The factor of Gender (boy/male
vs. girl/female) was only considered for the analyses of face-
elicited ERPs, since no gender information could be obtained
during the presentation of cue words. The EEG data analyses
were also conducted in the SPSS (IBM SPSS Statistics, v.21).
p-Values were corrected for deviations according to Greenhouse–
Geisser correction if necessary. Bonferroni correction was used
for multiple comparisons unless noted otherwise. Partial eta-
squared η2

p values were provided to demonstrate effect size
where appropriate, such that 0.05 represents a small effect, 0.10
represents a medium effect, and 0.20 represents a large effect
(Cohen, 1973).

RESULTS

Mood Measurements
For state mood and anxiety measured before drug treatment
or after experiment, there was no significant difference between
placebo and AVP groups (Table 1).

Emotional Task
Behavior Results
The behavioral results of emotional tasks were shown in
Figure 2. Four-way repeated measures ANOVAs on the
approaching ratings revealed a significant interaction of
Drug × Tasks × Emotional valence × Gender [F(2,92) = 8.85,
p = 0.0003, η2

p = 0.161]. The post hoc comparisons reveal the
statistical difference between Gender, such that AVP increased
subjective approaching ratings to girl faces compared boy
faces exhibiting negative expressions (p = 0.048) in infant task

(Figure 2). In adult task, such that AVP treatment decreased
subjective approaching ratings to neutral (p = 0.000) and positive
(p = 0.004) males faces compared to Emotional valence-matched
female faces. In the placebo group, no significant differences
were identified (Figure 3). The post hoc comparisons revealed
no statistical difference between Drug (AVP vs. placebo) in all
conditions (p > 0.05) and no statistical effects between Tasks
(infant task vs. adult task) related to Drug treatment (p > 0.05).
In addition, the Four-way repeated measures ANOVAs on
the RTs did not reveal any significant effects related to drug
treatment. There were no significant effects related to drug
treatment on empathy, valence, and arousal ratings measured
after the experiment (Table 2).

ERP Components Evoked by Cue Words
Anterior N1
The five-way repeated measures ANOVAs on anterior N1
amplitude revealed a significant interaction of Drug × Emotional
valence × Hemisphere [F(2,90) = 4.50, p = 0.014, η2

p = 0.091],
such that anterior N1 amplitude over left hemisphere to
both negative (p = 0.012) and positive (p = 0.006) words
were attenuated compared to neutral conditions in the AVP
group (Figures 3A,C). In the placebo group, however, no
significant differences were identified (Figures 3A,B). The
post hoc comparisons revealed no statistical difference between
Drug (AVP vs. placebo) in all conditions (p > 0.05) and no
statistical effects between Tasks (infant task vs. adult task) related
to Drug treatment (p > 0.05).

N170
The five-way repeated measures ANOVAs on N170 amplitude
revealed neither main effect not interactions related to drug
treatment.

Later Positive Potential
The five-way repeated measures ANOVAs on LPP amplitude
revealed a significant interactions of Drug × Tasks × Emotional
valance × Hemisphere [F(2,180) = 3.45, p = 0.036, η2

p = 0.071].
Post hoc comparisons reveals that in infant task, the LPP
amplitude over right hemisphere to both negative (p = 0.01)

FIGURE 2 | Behavioral results of the emotional task. The mean ratings of approaching ratings as a function of Drug treatment, Gender and Emotional valence in
infant task and adult task (A,B). Four-way repeated measures ANOVAs on the RTs did not reveal any significant effects related to Drug treatment. ∗p < 0.05;
∗∗p < 0.01; ∗∗∗p < 0.001.
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FIGURE 3 | Event-related potential (ERP) results related to cue words. (A) Bar graph illustrated the mean anterior N1 amplitude as a function of Drug treatment and
Emotional valence in both tasks. (B,C) The grand average ERPs over left hemisphere (FC3 and FC5) evoked by negative, neutral, and positive words in the placebo
and AVP group. ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001.

and positive (p = 0.028) words were reduced compared to
the neutral words in AVP group (Figures 4A,C). In the
placebo group, however, no significant differences were identified
(Figures 4A,B). In adult task, post hoc comparisons revealed
that LPP amplitude of both negative (p = 0.006) and positive

(p = 0.002) over right hemisphere were attenuated compared
to neutral words (Figures 4D,E) in placebo group. However,
in the AVP group, no significant differences were identified
(Figures 4D,F). The post hoc comparisons revealed no statistical
difference between Drug (AVP vs. placebo) in all conditions
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TABLE 2 | Subjective ratings of empathy, valence, and arousal after experiment as a function of Drug treatment, Task, and Emotional valence.

Placebo group AVP group

(n = 24) (n = 24)

Mean (SD) Mean (SD)

Infant task Empathy ratings Negative 6.08 (2.04) 6.00 (2.05)

Neutral 5.46 (1.79) 4.88 (1.94)

Positive 6.85 (1.27) 5.79 (1.92)

Valence ratings Negative 2.79 (0.94) 3.06 (1.43)

Neutral 5.63 (0.97) 5.33 (1.40)

Positive 7.40 (1.26) 6.65 (1.40)

Arousal ratings Negative 5.88 (2.08) 5.77 (1.91)

Neutral 3.92 (1.44) 4.25 (1.51)

Positive 3.52 (1.15) 4.00 (1.56)

Adult task Empathy ratings Negative 5.73 (1.99) 6.25 (1.94)

Neutral 4.79 (1.77) 5.04 (1.92)

Positive 6.88 (1.25) 7.04 (1.28)

Valence ratings Negative 2.77 (0.93) 2.46 (1.48)

Neutral 4.88 (1.23) 5.38 (1.66)

Positive 6.65 (1.44) 6.92 (1.43)

Arousal ratings Negative 5.81 (1.75) 6.52 (1.70)

Neutral 3.67 (1.79) 4.17 (1.43)

Positive 3.92 (1.44) 4.19 (1.44)

Two-way repeated measures ANOVAs were implemented with Drug (placebo vs. AVP) and Emotional valence (negative vs. neutral vs. positive) on the average scores of
empathy, valence and arousal ratings, which did not shown any significant effect related to drug treatment.

(p > 0.05) and no statistical effects between Tasks (infant task vs.
adult task) related to Drug treatment (p > 0.05).

ERP Components Evoked by Faces
Anterior N1
The six-way repeated measures ANOVAs on LPP amplitude
revealed neither main effect not interactions related to drug
treatment.

N170
The six-way repeated measures ANOVAs on N170 amplitude
revealed a significant interaction of Drug × Emotional
valence × Hemisphere [F(2,90) = 5.023, p = 0.009, η2

p = 0.1],
such that negative faces (p = 0.004) elicited lager N170 amplitude
over the right hemisphere compared to the neutral faces in
placebo group. There was also a marginal difference showing
that positive faces evoked larger N170 amplitudes over the
left hemisphere than neutral faces (p = 0.064) (Figures 5A,B).
However, in the AVP group, no significant differences were
founded (Figures 5A,C). The post hoc comparisons revealed
no statistical difference between Drug (AVP vs. placebo) in all
conditions (p > 0.05) and no statistical effects between Tasks
(infant task vs. adult task) related to Drug treatment (p > 0.05).

Later Positive Potential
The six-way repeated measures ANOVAs on LPP amplitude
revealed neither main effect not interactions related to drug
treatment.

DISCUSSION

The current study investigated how AVP modulated the
processing of infant and adult cues and the time course of
these modulations. During EEG recording, participants were
instructed to rate subjective approaching ratings to infant
and adult faces in specific contexts informed by cue words.
Behaviorally, AVP treatment increased approaching ratings to
neutral and positive other-gender adult faces compared to
emotional-matched same-gender adult faces, and to negative
girl faces compared to negative boy faces. At the neural level,
effects related to AVP were present at early temporal stages, as
respectively reflected by anterior N1 (120–160 ms), Occipital
N170 (190–230 ms) and extended to late temporal stages as
reflected by LPP (300–700 ms). In the followings, we would
discuss the roles of AVP at behavior (e.g., subjective approaching
ratings) and neural levels.

Behavioral Results
Among male participants in the current study, intranasal
AVP decreased approaching ratings to same-gender adult faces
and increased approaching ratings to other-gender adult face.
Importantly, those modulations were limited to the neutral
and positive faces. Therefore, the current findings are in line
with the hypothesis that the modulations of AVP are context-
dependent. In accordance, previous studies have reported that
AVP facilitated both recognition of sexual cues (Walum et al.,
2008; Taylor et al., 2010; Guastella et al., 2011; Rilling et al., 2017)
and negative social interaction to same-gender faces in human
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FIGURE 4 | Event-related potential results related to cue words. (A,D) Bar graph illustrated the mean later positive potential (LPP) amplitude as a function of Drug
treatment and Emotional valence in infant and adult tasks. (B,C) In infant task, the grand average ERPs over right hemisphere (C6, CP6, and P6) evoked by
negative, neutral, and positive words in the placebo and AVP group. (E,F) In adult task, the grand average ERPs over right hemisphere (C6, CP6, and P6) evoked by
negative, neutral, and positive words in the placebo and AVP group. ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001.

males (Thompson et al., 2004, 2006). For example, men perceived
female faces as more attractive than male faces after intranasal
AVP treatment (Price et al., 2017). In contrast, intranasal AVP
decreased approaching ratings to happy same-gender faces in
men (Thompson et al., 2006). Taken together, it is possible that
both aggression and affiliation could be simultaneously elicited
by AVP for a certain social context (Caldwell and Albers, 2015).

ERP Components Evoked by Cue Words
For both infant and adult cues, AVP treatment increased anterior
N1 response to neutral compared to emotional cues at the
early stage, an effect that was absent in the placebo group. The
anterior N1 has been described as rapid but crude processing
of face stimuli (Grasso et al., 2009) and faster responses to
probes (Luck et al., 1994). Therefore, enhanced N1 response
to neutral adult and infant cues might reflect more attentional
resources allocated to those stimuli. Distinct motivations might
be underlie preferential processing of neutral adults and infant
cues during the early temporal stages. In particular, neutral
adult cues could be perceived as potentially threatening stimuli
due to uncertain and ambiguity properties of those stimuli

(Felmingham et al., 2003; Meyer et al., 2004; Thompson et al.,
2004, 2006; Cooney et al., 2006; Yoon and Zinbarg, 2008).
Therefore, preferential processing of neutral adult cues might
reflect rapid detection of potential threats in the environment. In
contrast, neutral infant cues often drive approaching intentions
from others (Proverbio et al., 2011) and have been associated with
reword-related processing (Strathearn et al., 2008). In this regard,
preferential processing of these stimuli might be motivated by
protection-related intentions. In summary, it is conceivable that
AVP facilitate rapid allocation of attention to adult and infant
cues due to defensive vigilance and intentions for caregiving,
respectively.

This conjecture is consistent with the differential effects
of AVP at the late temporal stages. That is, AVP treatment
resulted in larger LPP amplitude to infant cues but not
adult cues. Considering the critical role of the LPP in
maintaining sustained attention (Cuthbert et al., 2000; Hajcak
and Olvet, 2008), our findings suggest that AVP facilitates
prolonged attention to infant cues but not adult cues. These
findings could be attributed to the reason that caregiving
arguably requires sustaining attention rather than transit
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FIGURE 5 | Event-related potential results related faces. (A) Bar graph illustrated the mean N170 amplitude as a function of Drug treatment and Emotional valence in
both tasks. (B,C) The grand average ERPs over left hemisphere (O1, P7, and PO7) evoked by negative, neutral, and positive faces in placebo and AVP group.
∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001.

attention to detect more detailed needs for infants. In contrast,
humans are well-equipped in detecting and processing potential
threats in a fast and automatic manner (Öhman, 2002, 2005;
Santesso et al., 2008). Indeed, human responses to threats

are fast, often occurring within 100 ms post-stimulus onset
(Liu et al., 2002; Sun et al., 2012), so that threatening
situations can be detected and avoided quickly (Olofsson et al.,
2008).
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ERP Components Evoked by Faces
For both infant and adult faces, emotional faces evoked larger
N170 amplitudes than neutral ones in placebo group, in line with
substantial previous studies (Proverbio et al., 2006; Rodrigo et al.,
2011; Doi and Shinohara, 2012; Peltola et al., 2014; Bernard et al.,
2015; Ma et al., 2017; Rutherford et al., 2017). These findings
has been interpreted as the mandatory allocation of attentional
resources to biologically relevant stimuli (Fehm-Wolfsdorf et al.,
1984; Pietrowsky et al., 1996; Batty and Taylor, 2003; Carretié
et al., 2004; Rossignol et al., 2005; Luo et al., 2010; Morel et al.,
2014; Patel et al., 2015; Sun et al., 2017). However, the differential
processing of emotional and neutral faces was eliminated by the
treatment of AVP. This is in line with the idea that AVP may
bolster the processing of ambiguous events (e.g., neutral faces).

There are several limitations in present study. Firstly, we
adopted a between-subjects design, which might retain the
individual variations and therefore might attenuate the statistical
power. Notably, however, the AVP and placebo groups are
reasonably matched in terms of the demographic information,
mood measurements, and post-ratings. Secondly, there are two
participants reporting themselves as non-exclusively heterosexual
in each group. Although whether AVP effects are dependent on
sexual orientation is an important question, the current study
cannot systematically address this question. This intriguing topic
awaits to be explored in future studies. Finally, the small sample
sizes should be noted and await replication by greater sample in
further study.

In summary, based on previous observations on the AVP in
both aggression and social bonding, here we examine context-
dependent effects of AVP on the processing of adult and infant
cues among males. The results of present study indicate that the
modulation of AVP were context-based. At early temporal state,
intranasal AVP induced rapid attention to both adult and infant
cues, whereas AVP treatment only facilitated sustained attention
to infant cues but not adult cues. Different effects of AVP on
the neural dynamics underlying the processing of adult and
infant cues might be attributed to different neuropsychological

mechanisms, i.e., rapid detection of threat in response to adult
cues whereas sustained attention for potential caregiving in
response to infant cues.

AUTHOR CONTRIBUTIONS

XW, PX, CF, and Y-JL: conception and drafting of the work.

FUNDING

This study was supported by the National Natural Science
Foundation of China (31530031, 81471376, 31300869, and
31500920), the National Basic Research Program of China
(973 Program: 2014CB744600), the foundation of the National
Key Laboratory of Human Factors Engineering (HF2012-
K-03), the Chinese postdoctoral innovation talent support
program (BX201600019), the China Postdoctoral Science
Foundation (2017M610055), the Shenzhen Peacock Plan
(KQTD2015033016104926), and the Guangdong Pearl River
Talents Plan Innovative and Entrepreneurial Team grant
(2016ZT06S220).

ACKNOWLEDGMENTS

The authors would like to thank Li Wang and Qian Yang for their
assistance with data collection and Danyang Wang and Dandan
Zhang for their insightful discussion.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnhum.
2018.00329/full#supplementary-material

REFERENCES
Ashley, V., Vuilleumier, P., and Swick, D. (2004). Time course and specificity of

event-related potentials to emotional expressions. Neuroreport 15, 211–216.
doi: 10.1097/00001756-200401190-00041

Balconi, M., and Pozzoli, U. (2003). Face-selective processing and the effect
of pleasant and unpleasant emotional expressions on ERP correlates. Int. J.
Psychophysiol. 49, 67–74. doi: 10.1016/S0167-8760(03)00081-3

Bar-Haim, Y., Lamy, D., and Glickman, S. (2005). Attentional bias in anxiety: a
behavioral and ERP study. Brain Cogn. 59, 11–22. doi: 10.1016/j.bandc.2005.
03.005

Batty, M., and Taylor, M. J. (2003). Early processing of the six basic facial emotional
expressions. Cogn. Brain Res. 17, 613–620. doi: 10.1016/S0926-6410(03)
00174-5

Bernard, K., Simons, R., and Dozier, M. (2015). Effects of an attachment-
based intervention on child protective services–referred mothers’ event-related
potentials to children’s emotions. Child Dev. 86, 1673–1684. doi: 10.1111/cdev.
12418

Bielsky, I. F., and Young, L. J. (2004). Oxytocin, vasopressin, and social recognition
in mammals. Peptides 25, 1565–1574. doi: 10.1016/j.peptides.2004.05.019

Blau, V. C., Maurer, U., Tottenham, N., and McCandliss, B. D. (2007). The face-
specific N170 component is modulated by emotional facial expression. Behav.
Brain Funct. 3:7.

Born, J., Lange, T., Kern, W., McGregor, G. P., Bickel, U., and Fehm, H. L.
(2002). Sniffing neuropeptides: a transnasal approach to the human brain. Nat.
Neurosci. 5, 514–6. doi: 10.1038/nn0602-849

Brunnlieb, C., Nave, G., Camerer, C. F., Schosser, S., Vogt, B., Münte, T. F., et al.
(2016). Vasopressin increases human risky cooperative behavior. Proc. Natl.
Acad. Sci. U.S.A. 113, 2051–2056. doi: 10.1073/pnas.1518825113

Caharel, S., Courtay, N., Bernard, C., Lalonde, R., and Rebaï, M. (2005). Familiarity
and emotional expression influence an early stage of face processing: an
electrophysiological study. Brain Cogn. 59, 96–100. doi: 10.1016/j.bandc.2005.
05.005

Caldwell, H. K. (2017). Oxytocin and vasopressin: powerful regulators of social
behavior. Neuroscientist doi: 10.1177/1073858417708284. [Epub ahead of
print].

Caldwell, H. K., and Albers, H. E. (2015). “Oxytocin, vasopressin, and the
motivational forces that drive social behaviors,” in Behavioral Neuroscience
of Motivation, eds E. H. Simpson and P. D. Balsam (Berlin: Springer),
51–103.

Frontiers in Human Neuroscience | www.frontiersin.org 11 August 2018 | Volume 12 | Article 329

https://www.frontiersin.org/articles/10.3389/fnhum.2018.00329/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnhum.2018.00329/full#supplementary-material
https://doi.org/10.1097/00001756-200401190-00041
https://doi.org/10.1016/S0167-8760(03)00081-3
https://doi.org/10.1016/j.bandc.2005.03.005
https://doi.org/10.1016/j.bandc.2005.03.005
https://doi.org/10.1016/S0926-6410(03)00174-5
https://doi.org/10.1016/S0926-6410(03)00174-5
https://doi.org/10.1111/cdev.12418
https://doi.org/10.1111/cdev.12418
https://doi.org/10.1016/j.peptides.2004.05.019
https://doi.org/10.1038/nn0602-849
https://doi.org/10.1073/pnas.1518825113
https://doi.org/10.1016/j.bandc.2005.05.005
https://doi.org/10.1016/j.bandc.2005.05.005
https://doi.org/10.1177/1073858417708284.
https://www.frontiersin.org/journals/human-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/human-neuroscience#articles


fnhum-12-00329 August 13, 2018 Time: 19:59 # 12

Wu et al. Vasopressin and Emotional Processing

Caldwell, H. K., and Albers, H. E. (2004). Effect of photoperiod on vasopressin-
induced aggression in Syrian hamsters. Horm. Behav. 46, 444–449. doi: 10.1016/
j.yhbeh.2004.04.006

Calvo, M. G., and Beltran, D. (2014). Brain lateralization of holistic versus analytic
processing of emotional facial expressions. Neuroimage 92, 237-247. doi: 10.
1016/j.neuroimage.2014.01.048.

Carretié, L., Hinojosa, J. A., Martín-Loeches, M., Mercado, F., and Tapia, M. (2004).
Automatic attention to emotional stimuli: neural correlates. Hum. Brain Mapp.
22, 290–299. doi: 10.1002/hbm.20037

Carter, C. S. (1998). Neuroendocrine perspectives on social attachment and
love. Psychoneuroendocrinology 23, 779–818. doi: 10.1016/S0306-4530(98)00
055-9

Chen, X., Hackett, P. D., DeMarco, A. C., Feng, C., Stair, S., Haroon, E., et al. (2016).
Effects of oxytocin and vasopressin on the neural response to unreciprocated
cooperation within brain regions involved in stress and anxiety in men
and women. Brain Imaging Behav. 10, 581–593. doi: 10.1007/s11682-015-
9411-7

Cho, M. M., Devries, A. C., Williams, J. R., and Carter, C. S. (1999). The effects
of oxytocin and vasopressin on partner preferences in male and female prairie
voles (Microtus ochrogaster). Behav. Neurosci. 113, 1071–1079. doi: 10.1037/
0735-7044.113.5.1071

Coccaro, E. F., Kavoussi, R. J., Hauger, R. L., Cooper, T. B., and Ferris, C. F. (1998).
Cerebrospinal fluid vasopressin levels: correlates with aggression and serotonin
function in personality-disordered subjects. Arch. Gen. Psychiatry 55, 708–714.
doi: 10.1001/archpsyc.55.8.708

Cohen, J. (1973). Eta-squared and partial eta-squared in fixed factor ANOVA
designs. Educ. Psychol. Meas. 33, 107–112. doi: 10.1177/001316447303300111

Cooney, R. E., Atlas, L. Y., Joormann, J., Eugène, F., and Gotlib, I. H. (2006).
Amygdala activation in the processing of neutral faces in social anxiety disorder:
is neutral really neutral? Psychiatry Res. 148, 55–59. doi: 10.1016/j.pscychresns.
2006.05.003

Cuthbert, B. N., Schupp, H. T., Bradley, M. M., Birbaumer, N., and Lang,
P. J. (2000). Brain potentials in affective picture processing: covariation with
autonomic arousal and affective report. Biol. Psychol. 52, 95–111. doi: 10.1016/
S0301-0511(99)00044-7

Doi, H., and Shinohara, K. (2012). Event-related potentials elicited in mothers by
their own and unfamiliar infants’ faces with crying and smiling expression.
Neuropsychologia 50, 1297–1307. doi: 10.1016/j.neuropsychologia.2012.0
2.013

Donaldson, Z. R., and Young, L. J. (2008). Oxytocin, vasopressin, and the
neurogenetics of sociality. Science 322, 900–904. doi: 10.1126/science.115
8668

Eger, E., Jedynak, A., Iwaki, T., and Skrandies, W. (2003). Rapid extraction
of emotional expression: evidence from evoked potential fields during brief
presentation of face stimuli. Neuropsychologia 41, 808–817. doi: 10.1016/S0028-
3932(02)00287-7

Eimer, M., and Holmes, A. (2002). An ERP study on the time course of emotional
face processing. Neuroreport 13, 427–431. doi: 10.1097/00001756-200203250-
00013

Eimer, M., and Holmes, A. (2007). Event-related brain potential correlates
of emotional face processing. Neuropsychologia 45, 15–31. doi: 10.1016/j.
neuropsychologia.2006.04.022

Fehm-Wolfsdorf, G., Born, J., Voigt, K. H., and Fehm, L. (1984). Behavioral effects
of vasopressin. Neuropsychobiology 11, 49–53. doi: 10.1159/000118050

Felmingham, K. L., Bryant, R. A., and Gordon, E. (2003). Processing angry and
neutral faces in post-traumatic stress disorder: an event-related potentials study.
Neuroreport 14, 777–780. doi: 10.1097/00001756-200304150-00024

Feng, C., Hackett, P. D., DeMarco, A. C., Chen, X., Stair, S., Haroon, E., et al. (2015).
Oxytocin and vasopressin effects on the neural response to social cooperation
are modulated by sex in humans. Brain Imaging Behav. 9, 754–764. doi: 10.1007/
s11682-014-9333-9

Ferris, C. F., Meenan, D. M., Axelson, J. F., and Albers, H. E. (1986). A vasopressin
antagonist can reverse dominant/subordinate behavior in hamsters. Physiol.
Behav. 38, 135–138. doi: 10.1016/0031-9384(86)90143-5

Ferris, C. F., Melloni, R. H. Jr., Koppel, G., Perry, K. W., Fuller, R. W.,
and Delville, Y. (1997). Vasopressin/serotonin interactions in the anterior
hypothalamus control aggressive behavior in golden hamsters. J. Neurosci. 17,
4331–4340. doi: 10.1523/JNEUROSCI.17-11-04331.1997

Gobrogge, K. L., Liu, Y., Young, L. J., and Wang, Z. (2009). Anterior
hypothalamic vasopressin regulates pair-bonding and drug-induced aggression
in a monogamous rodent. Proc. Natl. Acad. Sci. U.S.A. 106, 19144–19149. doi:
10.1073/pnas.0908620106

Gong, X., Huang, Y. X., Wang, Y., and Luo, Y. J. (2011). Revision of the Chinese
facial affective picture system. Chin. Ment. Health J. 25, 40–46

Goodson, J. L., and Bass, A. H. (2001). Social behavior functions and related
anatomical characteristics of vasotocin/vasopressin systems in vertebrates.
Brain Res. Brain Res. Rev. 35, 246–265. doi: 10.1016/S0165-0173(01)00
043-1

Gootjes, L., Coppens, L. C., Zwaan, R. A., Franken, I. H., and Van Strien, J. W.
(2011). Effects of recent word exposure on emotion-word Stroop interference:
An ERP study. Int. J. Psychophysiol. 79, 356–363. doi: 10.1016/j.ijpsycho.2010.
12.003

Grasso, D. J., Moser, J. S., Dozier, M., and Simons, R. (2009). ERP correlates of
attention allocation in mothers processing faces of their children. Biol. Psychol.
81, 95–102. doi: 10.1016/j.biopsycho.2009.03.001.

Guastella, A. J., Kenyon, A. R., Unkelbach, C., Alvares, G. A., and Hickie, I. B.
(2011). Arginine vasopressin selectively enhances recognition of sexual cues in
male humans. Psychoneuroendocrinology 36, 294–297. doi: 10.1016/j.psyneuen.
2010.07.023

Guastella, A. J., Kenyon, A. R., Alvares, G. A., Carson, D. S., and Hickie, I. B. (2010).
Intranasal arginine vasopressin enhances the encoding of happy and angry
faces in humans. Biol. Psychiatry 67, 1220–1222. doi: 10.1016/j.biopsych.2010.
03.014

Hajcak, G., and Olvet, D. M. (2008). The persistence of attention to emotion:
brain potentials during and after picture presentation. Emotion 8, 250–255.
doi: 10.1037/1528-3542.8.2.250

Holmes, A., Winston, J. S., and Eimer, M. (2005). The role of spatial frequency
information for ERP components sensitive to faces and emotional facial
expression. Cogn. Brain Res. 25, 508–520. doi: 10.1016/j.cogbrainres.2005.
08.003

Insel, T. R. (2010). The challenge of translation in social neuroscience: a review
of oxytocin, vasopressin, and affiliative behavior. Neuron 65, 768–779. doi:
10.1016/j.neuron.2010.03.005

Jarcho, M., Mendoza, S., Mason, W., Yang, X., and Bales, K. (2011). Intranasal
vasopressin affects pair bonding and peripheral gene expression in male
Callicebus cupreus. Genes Brain Behav. 10, 375–383. doi: 10.1111/j.1601-183X.
2010.00677.x

Kenyon, A. R., Alvares, G. A., Hickie, I. B., and Guastella, A. J. (2013). The effects of
acute arginine vasopressin administration on social cognition in healthy males.
J. Horm. 2013:386306. doi: 10.1155/2013/386306

Kim, P., Rigo, P., Mayes, L. C., Feldman, R., Leckman, J. F., and Swain, J. E.
(2014). Neural plasticity in fathers of human infants. Soc. Neurosci. 9, 522–535.
doi: 10.1080/17470919.2014.933713

Krieglmeyer, R., and Deutsch, R. (2013). Approach does not equal
approach: angry facial expressions evoke approach only when it serves
aggression. Soc. Psychol. Pers. Sci. 4, 607–614. doi: 10.1177/194855061247
1060

Krolak-Salmon, P., Fischer, C., Vighetto, A., and Mauguiere, F. (2001). Processing
of facial emotional expression: spatio-temporal data as assessed by scalp event-
related potentials. Eur. J. Neurosci. 13, 987–994. doi: 10.1046/j.0953-816x.2001.
01454.x

Liu, J., Harris, A., and Kanwisher, N. (2002). Stages of processing in face perception:
an MEG study. Nat. Neurosci. 5, 910–916. doi: 10.1038/nn909

Liu, Y., Curtis, J. T., and Wang, Z. (2001). Vasopressin in the lateral
septum regulates pair bond formation in male prairie voles (Microtus
ochrogaster). Behav. Neurosci. 115, 910–919. doi: 10.1037/0735-7044.115.
4.910

Luck, S. J., Hillyard, S. A., Mouloua, M., Woldorff, M. G., Clark, V. P., and
Hawkins, H. L. (1994). Effects of spatial cuing on luminance detectability:
psychophysical and electrophysiological evidence for early selection. J. Exp.
Psychol. Hum. Percept. Perform. 20, 887–904. doi: 10.1037/0096-1523.20.
4.887

Luo, W., Feng, W., He, W., Wang, N. Y., and Luo, Y. J. (2010). Three
stages of facial expression processing: ERP study with rapid serial visual
presentation. Neuroimage 49, 1857–1867. doi: 10.1016/j.neuroimage.2009.09.
018

Frontiers in Human Neuroscience | www.frontiersin.org 12 August 2018 | Volume 12 | Article 329

https://doi.org/10.1016/j.yhbeh.2004.04.006
https://doi.org/10.1016/j.yhbeh.2004.04.006
https://doi.org/10.1016/j.neuroimage.2014.01.048.
https://doi.org/10.1016/j.neuroimage.2014.01.048.
https://doi.org/10.1002/hbm.20037
https://doi.org/10.1016/S0306-4530(98)00055-9
https://doi.org/10.1016/S0306-4530(98)00055-9
https://doi.org/10.1007/s11682-015-9411-7
https://doi.org/10.1007/s11682-015-9411-7
https://doi.org/10.1037/0735-7044.113.5.1071
https://doi.org/10.1037/0735-7044.113.5.1071
https://doi.org/10.1001/archpsyc.55.8.708
https://doi.org/10.1177/001316447303300111
https://doi.org/10.1016/j.pscychresns.2006.05.003
https://doi.org/10.1016/j.pscychresns.2006.05.003
https://doi.org/10.1016/S0301-0511(99)00044-7
https://doi.org/10.1016/S0301-0511(99)00044-7
https://doi.org/10.1016/j.neuropsychologia.2012.02.013
https://doi.org/10.1016/j.neuropsychologia.2012.02.013
https://doi.org/10.1126/science.1158668
https://doi.org/10.1126/science.1158668
https://doi.org/10.1016/S0028-3932(02)00287-7
https://doi.org/10.1016/S0028-3932(02)00287-7
https://doi.org/10.1097/00001756-200203250-00013
https://doi.org/10.1097/00001756-200203250-00013
https://doi.org/10.1016/j.neuropsychologia.2006.04.022
https://doi.org/10.1016/j.neuropsychologia.2006.04.022
https://doi.org/10.1159/000118050
https://doi.org/10.1097/00001756-200304150-00024
https://doi.org/10.1007/s11682-014-9333-9
https://doi.org/10.1007/s11682-014-9333-9
https://doi.org/10.1016/0031-9384(86)90143-5
https://doi.org/10.1523/JNEUROSCI.17-11-04331.1997
https://doi.org/10.1073/pnas.0908620106
https://doi.org/10.1073/pnas.0908620106
https://doi.org/10.1016/S0165-0173(01)00043-1
https://doi.org/10.1016/S0165-0173(01)00043-1
https://doi.org/10.1016/j.ijpsycho.2010.12.003
https://doi.org/10.1016/j.ijpsycho.2010.12.003
https://doi.org/10.1016/j.biopsycho.2009.03.001.
https://doi.org/10.1016/j.psyneuen.2010.07.023
https://doi.org/10.1016/j.psyneuen.2010.07.023
https://doi.org/10.1016/j.biopsych.2010.03.014
https://doi.org/10.1016/j.biopsych.2010.03.014
https://doi.org/10.1037/1528-3542.8.2.250
https://doi.org/10.1016/j.cogbrainres.2005.08.003
https://doi.org/10.1016/j.cogbrainres.2005.08.003
https://doi.org/10.1016/j.neuron.2010.03.005
https://doi.org/10.1016/j.neuron.2010.03.005
https://doi.org/10.1111/j.1601-183X.2010.00677.x
https://doi.org/10.1111/j.1601-183X.2010.00677.x
https://doi.org/10.1155/2013/386306
https://doi.org/10.1080/17470919.2014.933713
https://doi.org/10.1177/1948550612471060
https://doi.org/10.1177/1948550612471060
https://doi.org/10.1046/j.0953-816x.2001.01454.x
https://doi.org/10.1046/j.0953-816x.2001.01454.x
https://doi.org/10.1038/nn909
https://doi.org/10.1037/0735-7044.115.4.910
https://doi.org/10.1037/0735-7044.115.4.910
https://doi.org/10.1037/0096-1523.20.4.887
https://doi.org/10.1037/0096-1523.20.4.887
https://doi.org/10.1016/j.neuroimage.2009.09.018
https://doi.org/10.1016/j.neuroimage.2009.09.018
https://www.frontiersin.org/journals/human-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/human-neuroscience#articles


fnhum-12-00329 August 13, 2018 Time: 19:59 # 13

Wu et al. Vasopressin and Emotional Processing

Ma, Y., Ran, G., Chen, X., Ma, H., and Hu, N. (2017). Adult attachment styles
associated with brain activity in response to infant faces in nulliparous women:
an event-related potentials study. Front. Psychol. 8:627. doi: 10.3389/fpsyg.2017.
00627

Malak, S. M., Crowley, M. J., Mayes, L. C., and Rutherford, H. J. (2015). Maternal
anxiety and neural responses to infant faces. J. Affect. Disord. 172, 324–330.
doi: 10.1016/j.jad.2014.10.013

Meyer, B., Pilkonis, P. A., and Beevers, C. G. (2004). What’s in a (neutral)
face? Personality disorders, attachment styles, and the appraisal of ambiguous
social cues. J. Personal. Disord. 18, 320–336. doi: 10.1521/pedi.2004.18.
4.320

Meyer-Lindenberg, A., Domes, G., Kirsch, P., and Heinrichs, M. (2011). Oxytocin
and vasopressin in the human brain: social neuropeptides for translational
medicine. Nat. Rev. Neurosci. 12, 524–538. doi: 10.1038/nrn3044

Mignault, A., and Chaudhuri, A. (2003). The many faces of a neutral face: head tilt
and perception of dominance and emotion. J. Nonverbal Behav. 27, 111–132.
doi: 10.1023/A:1023914509763

Morel, S., George, N., Foucher, A., Chammat, M., and Dubal, S. (2014). ERP
evidence for an early emotional bias towards happy faces in trait anxiety. Biol.
Psychol. 99, 183–192. doi: 10.1016/j.biopsycho.2014.03.011

Neath-Tavares, K. N., and Itier, R. J. (2016). Neural processing of fearful and
happy facial expressions during emotion-relevant and emotion-irrelevant tasks:
a fixation-to-feature approach. Biol. Psychol. 119, 122–140. doi: 10.1016/j.
biopsycho.2016.07.013

Öhman, A. (2002). Automaticity and the amygdala: nonconscious responses to
emotional faces. Curr. Dir. Psychol. Sci. 11, 62–66. doi: 10.1111/1467-8721.
00169

Öhman, A. (2005). The role of the amygdala in human fear: automatic detection
of threat. Psychoneuroendocrinology 30, 953–958. doi: 10.1016/j.psyneuen.2005.
03.019

Olofsson, J. K., Nordin, S., Sequeira, H., and Polich, J. (2008). Affective picture
processing: an integrative review of ERP findings. Biol. Psychol. 77, 247–265.
doi: 10.1016/j.biopsycho.2007.11.006

Patel, N., Grillon, C., Pavletic, N., Rosen, D., Pine, D. S., and Ernst, M. (2015).
Oxytocin and vasopressin modulate risk-taking. Physiol. Behav. 139, 254–260.
doi: 10.1016/j.physbeh.2014.11.018

Peltola, M. J., Yrttiaho, S., Puura, K., Proverbio, A. M., Mononen, N., Lehtimäki, T.,
et al. (2014). Motherhood and oxytocin receptor genetic variation are associated
with selective changes in electrocortical responses to infant facial expressions.
Emotion 14, 469–477. doi: 10.1037/a0035959

Penga, M., De Beuckelaera, A., Yuana, L., and Zhoua, R. (2012). The processing of
anticipated and unanticipated fearful faces: an ERP study. Neurosci. Lett. 526,
85–90. doi: 10.1016/j.neulet.2012.08.009

Pietrowsky, R., Strüben, C., Mölle, M., Fehm, H. L., and Born, J. (1996).
Brain potential changes after intranasal vs. intravenous administration of
vasopressin: evidence for a direct nose-brain pathway for peptide effects
in humans. Biol. Psychiatry 39, 332–340. doi: 10.1016/0006-3223(95)00
180-8

Price, D., Burris, D., Cloutier, A., Thompson, C. B., Rilling, J. K., and Thompson,
R. R. (2017). Dose-dependent and lasting influences of intranasal vasopressin
on face processing in men. Front. Endocrinol. 8:220. doi: 10.3389/fendo.2017.
00220

Proverbio, A. M., Brignone, V., Matarazzo, S., Del Zotto, M., and Zani, A. (2006).
Gender and parental status affect the visual cortical response to infant facial
expression. Neuropsychologia 44, 2987–2999. doi: 10.1016/j.neuropsychologia.
2006.06.015

Proverbio, A. M., Riva, F., Zani, A., and Martin, E. (2011). Is it a baby? Perceived
age affects brain processing of faces differently in women and men. J. Cogn.
Neurosci. 23, 3197–3208. doi: 10.1162/jocn_a_00041

Qiao, X., Yan, Y., Wu, R., Tai, F., Hao, P., Cao, Y., et al. (2014). Sociality and
oxytocin and vasopressin in the brain of male and female dominant and
subordinate mandarin voles. J. Comp. Physiol. A 200, 149–159. doi: 10.1007/
s00359-013-0870-2

Righart, R., and De Gelder, B. (2008). Rapid influence of emotional scenes on
encoding of facial expressions: an ERP study. Soc. Cogn. Affect. Neurosci. 3,
270–278. doi: 10.1093/scan/nsn021

Rilling, J. K., Demarco, A. C., Hackett, P. D., Chen, X., Gautam, P., Stair, S.,
et al. (2014). Sex differences in the neural and behavioral response to

intranasal oxytocin and vasopressin during human social interaction.
Psychoneuroendocrinology 39, 237–248. doi: 10.1016/j.psyneuen.2013.09.
022

Rilling, J. K., Demarco, A. C., Hackett, P. D., Thompson, R., Ditzen, B., Patel, R.,
et al. (2012). Effects of intranasal oxytocin and vasopressin on cooperative
behavior and associated brain activity in men. Psychoneuroendocrinology 37,
447–461. doi: 10.1016/j.psyneuen.2011.07.013

Rilling, J. K., Li, T., Chen, X., Gautam, P., Haroon, E., and Thompson, R. R. (2017).
Arginine vasopressin effects on subjective judgments and neural responses to
same and other-sex faces in men and women. Front. Endocrinol. 8:200. doi:
10.3389/fendo.2017.00200

Rodrigo, M. J., Leon, I., Quinones, I., Lage, A., Byrne, S., and Bobes, M. A. (2011).
Brain and personality bases of insensitivity to infant cues in neglectful mothers:
an event-related potential study. Dev. Psychopathol. 23, 163-176. doi: 10.1017/
S0954579410000714.

Rosen, G. J., De Vries, G. J., Goldman, S. L., Goldman, B. D., and Forger, N. G.
(2007). Distribution of vasopressin in the brain of the eusocial naked mole-rat.
J. Comp. Neurol. 500, 1093–1105. doi: 10.1002/cne.21215

Rossignol, M., Philippot, P., Douilliez, C., Crommelinck, M., and Campanella, S.
(2005). The perception of fearful and happy facial expression is modulated
by anxiety: an event-related potential study. Neurosci. Lett. 377, 115–120. doi:
10.1016/j.neulet.2004.11.091

Rutherford, H. J., Guo, X. M., Graber, K. M., Hayes, N. J., Pelphrey, K. A., and
Mayes, L. C. (2017). Intranasal oxytocin and the neural correlates of infant
face processing in non-parent women. Biol. Psychol. 129, 45–48. doi: 10.1016/j.
biopsycho.2017.08.002

Santesso, D. L., Meuret, A. E., Hofmann, S. G., Mueller, E. M., Ratner, K. G., Roesch,
E. B., et al. (2008). Electrophysiological correlates of spatial orienting towards
angry faces: a source localization study. Neuropsychologia 46, 1338–1348. doi:
10.1016/j.neuropsychologia.2007.12.013

Semsar, K., Kandel, F. L., and Godwin, J. (2001). Manipulations of the AVT
system shift social status and related courtship and aggressive behavior
in the bluehead wrasse. Horm. Behav. 40, 21–31. doi: 10.1006/hbeh.2001.
1663

Settersten, R. A. Jr. (2011). Fatherhood: Evolution and Human Paternal Behavior”.
Los Angeles, CA: SAGE Publications Sage CA).

Spielberger, C. D. (1983). Manual for the State-Trait Anxiety Inventory STAI (form
Y)(“ Self-Evaluation Questionnaire”). Available at: http://hdl.handle.net/10477/
1873

Strathearn, L., Li, J., Fonagy, P., and Montague, P. R. (2008). What’s in a smile?
Maternal brain responses to infant facial cues. Pediatrics 122, 40–51. doi: 10.
1542/peds.2007-1566.

Sun, J., Sun, B., Wang, B., and Gong, H. (2012). The processing bias
for threatening cues revealed by event-related potential and event-related
oscillation analyses. Neuroscience 203, 91–98. doi: 10.1016/j.neuroscience.2011.
12.038

Sun, L., Ren, J., and He, W. (2017). Neural correlates of facial expression processing
during a detection task: an ERP study. PLoS One 12:e0174016. doi: 10.1371/
journal.pone.0174016

Taylor, S. E., Saphirebernstein, S., and Seeman, T. E. (2010). Are plasma
oxytocin in women and plasma vasopressin in men biomarkers of distressed
pair-bond relationships? Psychol. Sci. 21, 3–7. doi: 10.1177/095679760935
6507

Thompson, R., Gupta, S., Miller, K., Mills, S., and Orr, S. (2004). The effects of
vasopressin on human facial responses related to social communication.
Psychoneuroendocrinology 29, 35–48. doi: 10.1016/S0306-4530(02)00
133-6

Thompson, R. R., George, K., Walton, J. C., Orr, S. P., and Benson, J. (2006).
Sex-specific influences of vasopressin on human social communication.
Proc. Natl. Acad. Sci. U.S.A. 103, 7889–7894. doi: 10.1073/pnas.060040
6103

Uzefovsky, F., Shalev, I., Israel, S., Knafo, A., and Ebstein, R. P. (2012). Vasopressin
selectively impairs emotion recognition in men. Psychoneuroendocrinology 37,
576–580. doi: 10.1016/j.psyneuen.2011.07.018

Waller, C., Wittfoth, M., Fritzsche, K., Timm, L., Wittfoth-Schardt, D., Rottler, E.,
et al. (2015). Attachment representation modulates oxytocin effects on the
processing of own-child faces in fathers. Psychoneuroendocrinology 62, 27–35.
doi: 10.1016/j.psyneuen.2015.07.003

Frontiers in Human Neuroscience | www.frontiersin.org 13 August 2018 | Volume 12 | Article 329

https://doi.org/10.3389/fpsyg.2017.00627
https://doi.org/10.3389/fpsyg.2017.00627
https://doi.org/10.1016/j.jad.2014.10.013
https://doi.org/10.1521/pedi.2004.18.4.320
https://doi.org/10.1521/pedi.2004.18.4.320
https://doi.org/10.1038/nrn3044
https://doi.org/10.1023/A:1023914509763
https://doi.org/10.1016/j.biopsycho.2014.03.011
https://doi.org/10.1016/j.biopsycho.2016.07.013
https://doi.org/10.1016/j.biopsycho.2016.07.013
https://doi.org/10.1111/1467-8721.00169
https://doi.org/10.1111/1467-8721.00169
https://doi.org/10.1016/j.psyneuen.2005.03.019
https://doi.org/10.1016/j.psyneuen.2005.03.019
https://doi.org/10.1016/j.biopsycho.2007.11.006
https://doi.org/10.1016/j.physbeh.2014.11.018
https://doi.org/10.1037/a0035959
https://doi.org/10.1016/j.neulet.2012.08.009
https://doi.org/10.1016/0006-3223(95)00180-8
https://doi.org/10.1016/0006-3223(95)00180-8
https://doi.org/10.3389/fendo.2017.00220
https://doi.org/10.3389/fendo.2017.00220
https://doi.org/10.1016/j.neuropsychologia.2006.06.015
https://doi.org/10.1016/j.neuropsychologia.2006.06.015
https://doi.org/10.1162/jocn_a_00041
https://doi.org/10.1007/s00359-013-0870-2
https://doi.org/10.1007/s00359-013-0870-2
https://doi.org/10.1093/scan/nsn021
https://doi.org/10.1016/j.psyneuen.2013.09.022
https://doi.org/10.1016/j.psyneuen.2013.09.022
https://doi.org/10.1016/j.psyneuen.2011.07.013
https://doi.org/10.3389/fendo.2017.00200
https://doi.org/10.3389/fendo.2017.00200
https://doi.org/10.1017/S0954579410000714.
https://doi.org/10.1017/S0954579410000714.
https://doi.org/10.1002/cne.21215
https://doi.org/10.1016/j.neulet.2004.11.091
https://doi.org/10.1016/j.neulet.2004.11.091
https://doi.org/10.1016/j.biopsycho.2017.08.002
https://doi.org/10.1016/j.biopsycho.2017.08.002
https://doi.org/10.1016/j.neuropsychologia.2007.12.013
https://doi.org/10.1016/j.neuropsychologia.2007.12.013
https://doi.org/10.1006/hbeh.2001.1663
https://doi.org/10.1006/hbeh.2001.1663
http://hdl.handle.net/10477/1873
http://hdl.handle.net/10477/1873
https://doi.org/10.1542/peds.2007-1566.
https://doi.org/10.1542/peds.2007-1566.
https://doi.org/10.1016/j.neuroscience.2011.12.038
https://doi.org/10.1016/j.neuroscience.2011.12.038
https://doi.org/10.1371/journal.pone.0174016
https://doi.org/10.1371/journal.pone.0174016
https://doi.org/10.1177/0956797609356507
https://doi.org/10.1177/0956797609356507
https://doi.org/10.1016/S0306-4530(02)00133-6
https://doi.org/10.1016/S0306-4530(02)00133-6
https://doi.org/10.1073/pnas.0600406103
https://doi.org/10.1073/pnas.0600406103
https://doi.org/10.1016/j.psyneuen.2011.07.018
https://doi.org/10.1016/j.psyneuen.2015.07.003
https://www.frontiersin.org/journals/human-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/human-neuroscience#articles


fnhum-12-00329 August 13, 2018 Time: 19:59 # 14

Wu et al. Vasopressin and Emotional Processing

Walum, H., Westberg, L., Henningsson, S., Neiderhiser, J. M., Reiss, D.,
Igl, W., et al. (2008). Genetic variation in the vasopressin receptor
1a gene (AVPR1A) associates with pair-bonding behavior in humans.
Proc. Natl. Acad. Sci. U.S.A. 105, 14153–14156. doi: 10.1073/pnas.080308
1105

Watson, D., Clark, L. A., and Tellegen, A. (1988). Development and
validation of brief measures of positive and negative affect: the PANAS
scales. J. Pers. Soc. Psychol. 54, 1063–1070. doi: 10.1037/0022-3514.54.6.
1063

Winslow, J. T., Hastings, N., Carter, C. S., Harbaugh, C. R., and Insel, T. R. (1993).
A role for central vasopressin in pair bonding in monogamous prairie voles.
Nature 365, 545–548. doi: 10.1038/365545a0

Yoon, K. L., and Zinbarg, R. E. (2008). Interpreting neutral faces as threatening is a
default mode for socially anxious individuals. J. Abnorm. Psychol. 117, 680–685.
doi: 10.1037/0021-843X.117.3.680

Young, L. J., Winslow, J. T., Nilsen, R., and Insel, T. R. (1997). Species differences
in V a receptor gene expression in monogamous and nonmonogamous voles:
behavioral consequences. Behav. Neurosci. 111, 599–605. doi: 10.1037/0735-
7044.111.3.599

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Wu, Xu, Luo and Feng. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Human Neuroscience | www.frontiersin.org 14 August 2018 | Volume 12 | Article 329

https://doi.org/10.1073/pnas.0803081105
https://doi.org/10.1073/pnas.0803081105
https://doi.org/10.1037/0022-3514.54.6.1063
https://doi.org/10.1037/0022-3514.54.6.1063
https://doi.org/10.1038/365545a0
https://doi.org/10.1037/0021-843X.117.3.680
https://doi.org/10.1037/0735-7044.111.3.599
https://doi.org/10.1037/0735-7044.111.3.599
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/human-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/human-neuroscience#articles

	Differential Effects of Intranasal Vasopressin on the Processing of Adult and Infant Cues: An ERP Study
	Introduction
	Materials and Methods
	Participants
	Stimuli
	Administration of AVP or Placebo
	Experimental Tasks
	Post-rating
	Mood Measurements
	Behavioral Data Analysis
	Main Tasks
	Post-ratings
	Mood Measurements

	EEG Recording
	Data Reduction and Analysis

	Results
	Mood Measurements
	Emotional Task
	Behavior Results

	ERP Components Evoked by Cue Words
	Anterior N1
	N170
	Later Positive Potential

	ERP Components Evoked by Faces
	Anterior N1
	N170
	Later Positive Potential


	Discussion
	Behavioral Results
	ERP Components Evoked by Cue Words
	ERP Components Evoked by Faces

	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


