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ARTICLE INFO ABSTRACT

Keywords:
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Positive social experiences may induce oxytocin release. However, previous studies of moral elevation have
generally utilized cross-sectional and simple modeling approaches to establish the relationship between oxytocin
and emotional stimuli. Utilizing a cohort of 30 non-lactating women (aged 23.6 + 5.7 years), we tested whether
exposure to a video identified as capable of eliciting moral elevation could change plasma oxytocin levels.
Uniquely, we utilized a high-frequency longitudinal sampling approach and multilevel growth curve modeling
with landmark registration to test physiological responses. The moral elevation stimulus, versus a control video,
elicited significantly greater reports of being “touched/inspired” and “happy/joyful”. However, the measured
plasma oxytocin response was found to be markedly heterogeneous. While the moral elevation stimulus elicited
increased plasma oxytocin as expected, this increase was only modestly larger than that seen following the
control video. This increase was also only present in some individuals. We found no relationship between plasma
oxytocin and self-report responses to the stimulus. From these data, we argue that future studies of the rela-
tionship between oxytocin and emotion need to anticipate heterogeneous responses and thus incorporate
comprehensive individual psychological data; these should include evidence-based variables known to be
associated with oxytocin such as a history of trauma, and the individual’s psychological and emotional state at
the time of testing. Given the complexity of physiological oxytocin release, such studies also need to incorporate
frequent biological sampling to properly examine the dynamics of hormonal release and response.

interactions between oxytocin and behavior appear to be driven by
factors such as environmental and social context, the dosage of the
exogenously administered hormone, time course, the individual’'s

1. Introduction

Oxytocin is a versatile neuropeptide that regulates diverse aspects of

human physiology and behavior, including parturition, lactation, pain,
sexual, and social behaviors [1-3]. Much attention has been directed
towards characterizing how oxytocin moderates positive social and
emotional functions such as trust, compassion, and empathy [4,5].
However, seemingly contrary social effects of oxytocin have also been
reported and include attenuation of trust [6], increased threat percep-
tion [7], and deviation from fairness norms [8]. These complex

emotional history, and whether the peptide is naturally released or
exogenously administered [9-12]. The effects of oxytocin also appear to
be sexually dimorphic, mediated by receptor variability, interactions
with the associated neuropeptide vasopressin [3,13], and affected by life
events such as maltreatment and trauma [10,12,14].

Examinations of the relationship between oxytocin and behavior
traditionally utilize one of two experimental paradigms. In the first
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approach, the intranasally-administered exogenous hormone is deliv-
ered and subsequent behavioral responses are quantified. The main
limitations of this approach are that it necessitates the use of exogenous
hormone and that the dosing characteristics probably do not completely
parallel physiological hormone release. In the second approach,
endogenous oxytocin levels in the blood are measured in response to
specific stimuli that are selected to elicit emotional responses, such as
social vocalization [15], empathy [16], or warm partner contact [17].
Specific and reliable stimuli of oxytocin release have proven difficult to
identify, although several studies do link sexual stimulation and intense
physical or emotional stressors to the release of oxytocin [9,18,19].
Another source of difficulty arises from the natural human variability in
response to psychological and emotional stimuli, possibly due to dif-
ferences in the history of individuals and genetic variability [20].

In addition, it has been demonstrated that oxytocin release is a
complex event that is best modeled by frequently sampled longitudinal
data. Animal data suggest that oxytocin is released in a pulsatile manner
and that its half-life in blood is around 1-5 min. Studies applying cross-
sectional and similarly limited frequency sampling approaches are thus
unlikely to adequately model rapid physiological responses to specific
stimuli [21]. More frequent sampling has tended to show idiosyncratic
patterns of oxytocin release. For example, measurements taken at 5-min
intervals in response to music or the cold pressor test have revealed
marked pulsatile increases in oxytocin in some, but not all, participants
[22]. Unfortunately, with few exceptions, studies of stimulus-induced
endogenous oxytocin release have utilized limited sampling, typically
taken at arbitrary intervals of 15-60 min following stimulus presenta-
tion. Finally, it is important to recognize that while oxytocin exerts its
behavioral effects by targeting the brain, it is most usually measured in
plasma from venous blood. Yet the relationship between central and
systemic oxytocin is rarely defined.

Thus, a well-defined stimulus, frequent sampling, and careful char-
acterization of the emotional history of participants are necessary to
detect stimulus-associated changes. As such, in this paper, we present
the results of a study in which we attempted to model the endogenous
systemic oxytocin response to an experimental positive emotional
stimulus. Based on existing published data [23,24], we expected that an
uplifting audiovisual stimulus would result in a rapid and unambiguous
oxytocin elevation in the blood; we hoped to exploit this response to
measure its subsequent effect on behavior. However, due to complex
and markedly heterogeneous oxytocin response patterns, we instead
focused our attention on modeling oxytocin levels and identifying re-
sponders to a morally uplifting stimulus video.

2. Material and methods
2.1. Participants

Study procedures were conducted according to a protocol approved
by the institutional review board at the University of Alabama at Bir-
mingham (UAB). Eligible consenting participants were healthy females,
18-39 years of age, from the Birmingham metropolitan area in Alabama,
USA. Exclusion criteria included current pregnancy or breastfeeding,
any diagnosed psychological or psychiatric disorder, any illness within
30 days of participation, a history of substance abuse, regular use of
prescribed medication, or any acute pain or history of chronic pain.

2.2. Data collection procedures

Study eligibility was determined through a telephone interview.
Eligible individuals attended the UAB Clinical Research Unit (CRU) for
two sessions, held approximately one week apart. In each session, in-
dividuals were presented with either a moral-elevation video or an
emotionally neutral control video (see Supplementary File). The video
presentation order was randomized.

The sessions were designed to

minimize interpersonal
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communication and other potential sources of interpersonal stimuli. All
sessions were conducted in a quiet, private clinical room in the presence
of one research nurse and one male investigator. Participants were
seated in an armchair in front of a 17-inch computer monitor with one
arm extended on the armrest. An intravenous cannula was inserted into
a vein in the antecubital fossa for blood collection. The participant was
instructed to not communicate with research staff until the session was
completed unless they experienced physical discomfort. As much as
practicable, the research staff remained out of sight of the participant
throughout the session. Circumaural headphones were used to suppress
ambient noise and increase soundtrack clarity. After the intravenous
cannula was sited, participants were asked to focus on the monitor; all
subsequent instructions were provided via remotely controlled text
displayed on the screen. Participants initially rested in silence during a
15-min habituation period. Following this, the blood draws were
commenced and repeated every 2 min for a total of ten 8 ml draws over
18 min. There were two baseline draws, six during the stimulus video,
and two post-stimulus (Fig. 1). After the video, participants continued to
rest quietly until all blood draws were completed. The participant then
completed a written post-video questionnaire in which they evaluated
their emotional response to the stimulus. Except for the collection of
personal and demographics data (only done in Session 1), the proced-
ures were identical in both sessions.

2.3. Experimental stimuli

The moral elevation and control videos were intended to elicit feel-
ings of moral elevation. These videos were selected based on the results
of prior published studies and an online pilot study conducted before the
commencement of the main study. For this project, we defined moral
elevation as a specific emotional state elicited by witnessing compas-
sionate acts in others [25,26]. As such, the moral elevation videos
shared the common theme of people performing and responding to
altruistic acts.

The moral elevation videos (MEV) included a segment from the
Oprah Winfrey show, in which teachers are lauded by former students
for their mentorship; this video has been used in previous studies to
induce moral elevation [24,27,28]. The second video featured a Thai
Life Insurance advertisement Unsung Hero (2014) in which a young man
performs a series of selfless acts and is ultimately made aware of the
positive effects of his actions (https://www.youtube.com/watch?v=ua
WA2GbenJU). The control video (COV) included three demonstrations
of do-it-yourself construction obtained from YouTube: a battery being
constructed from common household items, woodwork building of a
stool-style chair, and the steps to fold an origami crane. The MEV and
COV presentations were approximately time-matched to allow us to
make comparisons of temporal effects.

2.4. Self-report measures and donation task

Basic demographic and socioeconomic data were collected using a
standardized form. Emotional responses to the stimuli were evaluated
based on answers to 11 items on a 7-point scale anchored at “not at all”
and “extremely” [29]. The items included the following: “how pleasant
was the video?,” “how interesting was the video?,” “how emotionally
affecting was the video?,” and the extent to which the participant felt
“touched/inspired,” “amused,” “happy/joyful,” “calm/content,” “sad,”
“angry,” “disgusted,” and “afraid.” The a priori selected primary de-
terminants of self-reported moral elevation were “touched/inspired”
and “happy/joyful”.

We also included an unprompted donation task to quantify behav-
ioral responses. This paralleled earlier work that showed that exoge-
nously administered oxytocin may increase donation, albeit with
moderation by personal background factors [30]. After each experi-
mental session, the participant was provided their study compensation,
part of which was in $1 notes. A clear donation box for St. Jude’s
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Fig. 1. Time-line of each experimental session. The two video stimuli commenced upon the successful collection of the second baseline draw and were 9 min. 45 sec.
duration for the control session, and 9 min. 12 sec. for the moral elevation session. Between the insertion of the intravenous line (iv) and the completion of the self-
report, individuals remained in complete silence. Blood draws (bd) were obtained every 2 min according to the described protocol.

Children’s Hospital showing an image of a young child with cancer
(permission obtained from the hospital) was located within 1 m of the
seating area. The box was loaded with several notes beforehand (serial
numbers recorded). The individual was then left alone for 2 min while
the investigator performed administrative tasks out of sight. Upon the
participant’s departure, the money was retrieved and the donation
amount was determined based on a comparison of note/coin quantity
and note serial numbers. The participant was not informed that the
donation task was a part of the study until a debriefing at the end of the
study.

2.5. Oxytocin sampling and quantification

To minimize proteolytic degradation of oxytocin, K;EDTA blood
tubes were pre-chilled overnight and then, during the experimental
session, kept on wet ice except when the blood was being drawn. Saline
was used to flush the cannula after each draw and a waste tube was
drawn just before obtaining each experimental sample to avoid sample
dilution and contamination. Immediately upon completion of the ses-
sion, all collected tubes were centrifuged at 4°C, aliquoted into pre-
chilled cryotubes, then transferred to a —80°C freezer until analysis
(approximately one year maximum).

Upon study completion, plasma samples were shipped overnight on
dry ice to Indiana University for analysis. Plasma oxytocin quantifica-
tion was performed using Enzo Life Sciences ELISA kits. All samples
were run in duplicate and the mean concentrations were used in the
analysis. The enzyme immunoassay (EIA) procedures have been previ-
ously validated for parallelism, spike-recovery, and cross-reactivity/
specificity [31]. The EIA protocol without oxytocin extraction had
been criticized since it provides estimates that are orders of magnitude
greater than methods employing extraction [32]. However, new evi-
dence suggests that this discrepancy in estimates can result in part from
the removal of bound oxytocin during the extraction step [33-35].
Oxytocin has a high affinity for binding to blood plasma proteins [37],
and procedures that break these bonds before measurement provide
estimates of plasma oxytocin consistent with levels found in unextracted
samples: 500-1200 pg/ml [36,37]. Further, it has been shown that
solid-phase extraction artificially reduces oxytocin levels in plasma
samples [38,39], and high-performance liquid chromatography has
illustrated that the amount of authentic peptide labeled as oxytocin in
these extracted samples can be as low as 7% [32], the rest comprising
cross-reactive molecules which are yet to be identified. As reviewed in
MacLean et al. [35,40], critiques of the “lack of validity” of assays using
unextracted plasma samples [41] may have been premature. For
example, two recent studies [42,43] compared the usefulness in pre-
dicting human behavior of extracted versus unextracted plasma. It is
important to note that one of those studies describing the necessity for
extraction [41], was conducted in the laboratory of the author an earlier
critique [43]. Both of these recent studies revealed, in direct compari-
sons, that assays of unextracted samples were more likely than extracted
samples to show associations with behavior. The source of this apparent
failure to confirm the criticism of McCullough et al. [41] is not known.

However, it is possible that after extraction the levels of peptide
remaining are sometimes not sufficient to allow a reliable measure of
oxytocin. Furthermore, our extensive experience with the measurement
of oxytocin in unextracted plasma indicates that reliable and replicable
relationships exist between peripheral measures of oxytocin and
behavior [44,45], even in analyses done several years apart [46]. This
evidence lends support to the idea that enzyme immunoassay without
extraction reflects a useful assessment of oxytocin in human blood
plasma that can be associated with behavior. For these and other reasons
detailed in [35], we opted in the present study to not extract oxytocin
prior to quantification assays.

2.6. Statistical analyses

Expecting the stimulus condition to increase the levels of plasma
oxytocin, we initially tested for differences between plasma oxytocin
between the two stimulus conditions by using linear mixed models
(LMM) with an appropriate covariance structure selected based on a low
Akaike’s Information Criterion. These models appropriately test for
repeated-measures longitudinal data effects. Further examinations of
plasma oxytocin peaks were carried out by plotting the data obtained
from the stimulus and control video sessions and visual observation.
Models were generated using SPSS v23 and significance was determined
using a p-value threshold of 0.05.

Due to the complex and ambiguous results found in the initial ana-
lyses, we then employed an analytic strategy that was more sensitive to
individual differences. We modeled the plasma oxytocin response to the
control and moral elevation videos using two-piece multilevel growth
curve modeling with landmark registration (GCM-LR), a method that
has been previously applied to neuroendocrine data to study salivary
cortisol and salivary alpha-amylase responses to a stressor [47,48]. The
benefit of using two-piece multilevel GCM-LR to study the oxytocin
response to stimuli is that it accounts for interindividual variability in
the time that it takes participants to reach their peak oxytocin response
and allows us to examine the reactivity, peak, and recovery phases of the
oxytocin response separately. We identified plasma oxytocin peaks by
plotting the data obtained from the COV and MEV sessions and selecting
the first peak that was followed by a decline or plateau [47]. If the first
peak was followed by a plateau, we selected the sample within the
plateau that represented at least a 10% increase from the first identified
peak. Participants were labeled a “responder” if their peak sample rep-
resented at least a 15% increase in oxytocin from baseline levels. Our
decision to use a 15% threshold to identify responders was based on
recent work showing that on average, salivary oxytocin levels increased
by 15% in response to an emotional video [49]. Participants were
labeled a “non-responder” if their plasma oxytocin did not increase by at
least 15% above baseline levels throughout the session. For responders,
we created a ‘peak time’ variable that was set to responders’ peak
sample time. For non-responders, ‘peak time’ was set to the mode peak
sample time of responders (control video = 4 min, moral elevation
video = 8 min; [47]). Oxytocin data were winsorized to 3SD from the
mean (n = 2) and log-transformed.
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Two-piece multilevel GCM-LR models were fit with SAS® software
(Version 9.4) using PROC MIXED [50] with restricted maximum likeli-
hood estimation and an unstructured covariance structure. An un-
structured covariance structure was used because the models did not
converge with a first-order autoregressive covariance structure. We
included samples 2-10 (2-18 min) in growth models and sample 1 was
included as a covariate to control for baseline oxytocin levels. First, for
each experimental condition, we fit unconditional models with the
intercept set to each individual’s peak time (non-responders set to the
mode peak time of responders) and included baseline oxytocin (0 min),
minutes to peak (oxytocin reactivity slope), and minutes after the peak
(oxytocin recovery slope) with random intercepts and slopes [47]. Next,
we tested whether video order (0 = first, 1 = second video) was asso-
ciated with the phases of oxytocin response, including peak activation,
reactivity slope, and recovery slope. Peak activation represents the level
of oxytocin at the apex of the response curve. Reactivity and recovery
slopes represent the slope of oxytocin toward and away from partici-
pants’ peak activation, respectively [47]. Finally, following the
approach used by Almeida, et al. [51], we created a video variable (0 =
COV, 1 = MEV) and included it as a covariate in our model to test for
differences in the oxytocin response between the two experimental
conditions with and without controlling for video order.

3. Results
3.1. Participants

The study cohort included 30 women aged 23.6 + 5.7 years old. Of
these, 13 identified as African-American, 12 as Caucasian, five as Asian,
and one individual endorsed “other.” Ten additional women did not
complete the protocol; eight individuals were lost because we were
unable to secure adequate intravenous access and two additional in-
dividuals exhibited vasovagal syncope associated with venipuncture and
were withdrawn from the study by the investigator.

3.2. Self-report response and donation task

The MEV stimulus elicited significantly greater reports of being
“touched/inspired” (6.07 + 1.4 vs. 2.45 £+ 1.8, p < 0.001) and “happy/
joyful” (5.5 £ 1.5 vs. 2.5 + 1.8, p < 0.001) versus COV, thus validating
the stimulus conditions. We did not analyze the donation task as only 2
individuals chose to donate.

3.3. Plasma oxytocin

The immunoassay coefficients of variation were 7.07% (intra-assay)
and 2.35% (inter-assay). In our primary analyses, differences in plasma
oxytocin levels between the emotional and control videos were tested
using an LMM with a first-order autoregressive covariance structure.
The differences between the MEV and COV sessions were not significant
(F = 3.73, p = 0.055). To illustrate the time-course of plasma oxytocin,
in the Supplementary File we have provided plots of the group-average
and individual oxytocin time-course data.

In our secondary analyses, using an oxytocin increase above the
baseline of >15% as a cut-off, we classified 12 participants (40%) as
responders and 18 participants (60%) as non-responders. The average
increase in oxytocin from baseline to peak for responders to the COV was
30.9% above baseline levels. For the MEV, eight participants (26.7%)
were classified as responders and 22 participants (73.33%) were clas-
sified as non-responders. The average percent increase in oxytocin from
baseline to peak for responders to the MEV was 41.4%. Four participants
(13.3%) were classified as responders for both COV and MEV, 14 par-
ticipants (46.67%) were classified as non-responders for both COV and
MEV, and 12 participants (40%) switched responder status between
videos (n = 8 were classified as responders to the COV and non-
responders to the MEV; n = 4 were classified as non-responders to the
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COV and responders to the MEV). Responder status was not associated
with baseline oxytocin levels during the COV (0 min, t = 1.89, p = 0.069;
2 min, t = 1.15, p = 0.26); however, responders to the MEV had
significantly lower oxytocin levels at 0 min (t = 3.03, p = 0.005) and at
2 min (t = 2.13, p = 0.042) compared to non-responders. For both
videos, responder status was not associated with participants’ ratings of
how emotionally affecting the video was (COV t = 0.22, p = 0.83; MEV t
= 0.08, p = 0.94) or how touched/inspired the video made them feel
(COV t =0.91, p = 0.37; MEV t = 1.37, p = 0.18). Individual plots for
plasma oxytocin for each session are provided in the Supplementary
File.

3.3.1. Oxytocin response to the COV

Only peak activation in response to the COV was significant, b =
7.15, SE = 0.03, p < 0.001 (Table 1). The change in plasma oxytocin
from baseline to peak, b = 0.001, SE = 0.01, p = 0.88 and post-peak
decline, b = —0.002, SE = 0.002, p > 0.32 were not significant. Order
was not associated with change in oxytocin in response to the COV (ps =
.43 to .51). Order was not associated with peak activation, (b = 0.10, SE
= 0.05, p = 0.06), although participants who viewed the MEV second,
trended toward increased oxytocin levels at peak activation compared to
participants who viewed the MEV video first.

3.3.2. Oxytocin response to the MEV

Only peak activation in response to the MEV was significant, b =
7.13, SE = 0.03, p < 0.001. There was no significant change in plasma
oxytocin from baseline to peak, b = —0.004, SE = 0.01, p > 0.50, and
post-peak decline, b = 0.002, SE = 0.003, p > 0.52. Order was only
associated with peak activation, b = 0.08, SE = 0.03, p = 0.02. Partic-
ipants who viewed the MEV second had increased oxytocin levels at
peak activation compared to participants who viewed the MEV first.

3.3.3. COVvs. MEV

The video condition was not significantly associated with the
oxytocin response; however, findings were trending toward significance
(Table 1). There was a less steep increase in oxytocin from baseline to
peak, b =-0.01, SE = 0.01, p = 0.07, and less steep post-peak decline in
oxytocin, b = 0.01, SE = 0.003, p = 0.05, during the MEV compared to
the COV. The video condition was not associated with peak activation, b
=—0.02, SE = 0.02, p = 0.23. When order was added to the model, there
was only a marginally significant finding between video condition and
post-peak decline in oxytocin, b = 0.005, SE = 0.003, p = 0.09. Video
condition was not associated with a change in oxytocin from baseline to
peak and peak activation when controlling for order (p values of
0.16-0.31).

4. Discussion

This study was designed to characterize the time-course and test the
homogeneity of plasma oxytocin responses to an audiovisual stimulus
that had been previously defined as eliciting a sense of moral elevation.
Our primary aim was to test modeling approaches that will benefit
future studies aiming to capture the temporal characteristics of hor-
monal responses to social stimuli. In short, we found that while the MEV
stimulus elicited increased plasma oxytocin, this was only modestly
larger than the increase seen following the COV and was present in a
smaller number of individuals. In addition, our self-reported behavioral
measures of emotional reactivity did not predict the patterns of hor-
monal outcomes.

Moral elevation induced by the presentation of videos similar to that
used in the present study has been reported to induce milk ejection and
nursing behavior and was thus expected to promote oxytocin release
[24]. However, studies of nursing women did not measure plasma
oxytocin and it is not known how well the nervous systems of lactating
women translate to general physiology; for instance, hormonal priming
for milk ejection induces higher sensitivity to emotionally evocative
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Table 1
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Estimates for growth curve models of the oxytocin response to control and moral elevation videos.

Control Video

Moral Elevation Video

Control vs. Moral Elevation Video

Baseline Only Order Baseline Only Order Video Condition Order

Model Model Model Model Model Model

b SE b SE b SE b SE b SE b SE
Intercept 7.15%* 0.03 7.09%* 0.04 7.13%* 0.03 7.09%* 0.03 7.15%* 0.02 7.11%* 0.03
Baseline Oxytocin 0.44** 0.14 0.14 0.14 0.55** 0.08 0.35* 0.16 0.27%* 0.08 0.21* 0.09
Time Before Peak 0.001 0.01 —0.004 0.01 —0.004 0.01 —0.01% 0.01 0.01 0.01 —0.001 0.01
Time After Peak —0.002 0.002 —0.004 0.003 0.002 0.003 0.01 0.004 —0.003 0.002 —0.002 0.002
Order - - 0107 0.05 - - 0.08% 0.03 - - 0.08** 0.02
Baseline Oxytocin x Order - - 0.33 0.24 - - 0.19 0.20 - - 0.14 0.10
Time Before Peak x Order - - 0.01 0.02 - - 0.01 0.01 - - 0.01% 0.01
Time After Peak x Order - - 0.003 0.01 - - —0.01 0.01 - - —2.00 x 107° 0.003
Video - - - - - - - - —0.02 0.02 —0.02 0.02
Baseline Oxytocin x Video Condition - - - - - - - - —0.26** 0.09 0.03 0.10
Time Before Peak x Video Condition - - - - - - - - —0.01% 0.01 —0.01 0.01
Time After Peak x Video Condition - - - - - - - - 0.01% 0.003  0.005% 0.003

Note. T p < 0.10, *p < 0.05, **p < 0.01. Baseline oxytocin was collected at 0 min. The first video (order) and Control Video (video condition) were the reference

categories.

experiences in lactating compared to non-lactating women [21,52].
Earlier studies with both typical participants [53], those with a history
of maltreatment [10,20], and the genetic disorder known as Williams
Syndrome [22] have also shown distinct patterns of individual variation
in oxytocin that may be subject to various physiological modifications.

Despite the lack of a homogeneous response, we were able to
describe the oxytocin time-course among those individuals showing a
task-related oxytocin increase. There were more responders to the COV
(n = 12, 40%) than the MEV (n = 8, 26.67%). However, the mean
percentage increase in oxytocin was greater in responders to the MEV
(41.43%) than responders to the COV (30.86%). To further illustrate the
marked homogeneity in responses, we have included plots of plasma
oxytocin for each individual in the Supplementary File. Firstly, we
detect differences in the timing of the expected oxytocin spike in those
individuals who appear to respond to the stimulus condition. For
instance, individuals OXT7 and OXT8 display increased oxytocin at
~12-15 min while individuals OXT14, OXT18, OXT28 show a much
earlier response. Secondly, many individuals show no marked change in
oxytocin (e.g. OXT5, OXT6) while others show no discernible difference
between the two conditions (e.g. 0XT9, 0XT14). Other individuals show
other complex kinetics, again suggesting that individual factors that
were not captured in this study are critical in understanding these
release characteristics. While we cannot completely resolve the impli-
cations of these results with the present data, they offer several impor-
tant methodological and biological warning signs for research.

Firstly, our study was designed to maximize the emotional effect of
the moral elevation stimulus while minimizing undesirable extraneous
variables. The video stimuli used here were selected primarily because
they have been used in other studies [24,27,28]. In addition, their
emotional effects were validated in our pilot study through participant
self-report. However, the stimuli may not have been sufficiently
emotionally powerful to elicit reliable physiological responses in at least
some individuals. To maximize the effects of the MEV, we utilized
stringent environmental controls. However, we still found substantial
increases in plasma oxytocin following the control condition which may
stem from participants’ perceiving the research environment as caring
or stressful. Given that not all individuals responded in each condition,
responder status may have been driven by variables that were not
measured in this study.

Secondly, while most oxytocin studies utilize cross-sectional or
limited longitudinal designs, we believe that our data suggest that these
approaches increase the risk of false-positive and false-negative findings.
We have demonstrated marked individual variability in response and a
relatively modest effect of a well-established stimulus protocol. We
believe that given a different sample and serendipitously identified

baseline and post-stimulus time-points, spurious results may have
emerged. The heterogeneity in our participants’ oxytocin response to the
stimuli prompted us to use two-piece multilevel growth curve modeling
with landmark registration [47]. This statistical approach accounts for
individual variability in the time-course of the oxytocin response by
aligning participants according to the peak of their response. Thus, we
were able to confirm that differences in each phase of the oxytocin
response to the moral elevation and control videos were not masked by
individual differences in peak latency. Although we did not find a strong
or even moderate statistical effect for the moral elevation and control
videos with landmark registration, our study highlights the importance
of collecting enough post-stimulus time-points to test for such an effect.

Thirdly, our initial aims and study design did not incorporate
comprehensive measures of behavioral or psychological variables and/
or histories of adversity. However, even in our small cohort of young
adult women (n = 30), we observed individual variation in the oxytocin
response. This outcome is consistent with earlier reports that plasma
oxytocin levels were not changed by an emotional stimulus alone, but
rather required a complex interplay between stimulus and other be-
haviors [5,20]. While we cannot explain what factors determined
responder status in this cohort, we suggest that future studies consider
collecting comprehensive socioeconomic, emotional history, and phys-
iological variables as part of their study design.

Lastly, there are important unresolved physiological factors that may
underlie these complex responses. Most critically, plasma oxytocin
levels may not necessarily reflect availability or uptake by relevant re-
ceptors in the brain [54]. Studies that have compared oxytocin in ce-
rebrospinal fluid and blood were inconclusive: central and peripheral
oxytocin may [55] or may not be correlated [56]. However, these
studies have not used the rapid and repeated sampling procedures
described here. To properly test these relationships, longitudinal sam-
pling and appropriate timing are critical if, for example, plasma and
central oxytocin levels correlate but not in a contemporaneous manner.
Serial oxytocin sampling in the cerebrospinal fluid (CSF) is impractical.
Some evidence, however, suggests that measurement of oxytocin in
saliva may actually be a more reliable reflection of release patterns, and
thus more useful as biomarkers for acute behavioral responses [19,31,
54,57,58]. In the present study, we detected rapid and transient
changes, a fact that needs to be considered in attempts to measure acute
changes in blood levels of oxytocin. It is possible that previous studies
that have not detected group differences, following stimuli such as
massage [59], may have failed to obtain samples during the relatively
brief period when oxytocin is released.
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5. Conclusions

This study suggests that a classic audiovisual moral elevation task is
associated with increased plasma oxytocin, but that this effect is modest
and heterogeneous. In addition, responses to emotional stimuli, such as
those used here, are typically limited in duration. This observation may
be useful in designing future research aimed at evaluating the behav-
ioral or physiological consequences of oxytocin. However, heteroge-
neous behavioral and physiological responses to emotional stimuli are
common. As shown here, many individuals fail to show a response after
exposure to presumably emotionally evocative experiences. It is not
known if these are predominantly state or trait responses or driven by
individual differences that could alter reactivity to a stimulus. Exploring
the sources of these individual differences will be important for future
research into the causes or consequences of the release of oxytocin.
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