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The neuroendocrine state of new mothers may alter their neural processing of stressors in the environment through modulatory actions of oxytocin on
the limbic system. We predicted that amygdala sensitivity to negatively arousing stimuli would be suppressed in postpartum compared to nulliparous
women and that this suppression would be modulated by administration of oxytocin nasal spray. We measured brain activation (fMRI) and subjective
arousal in response to negatively arousing pictures in 29 postpartum and 30 nulliparous women who received either oxytocin nasal spray or placebo
before scanning. Pre- and post-exposure urinary cortisol levels were also measured. Postpartum women (placebo) demonstrated lower right amygdala
activation in response to negative images, lower cortisol and lower negative photo arousal ratings to nulliparous women. Nulliparous women receiving
oxytocin had lower right amygdala activation compared to placebo. Cortisol levels in the placebo group, and ratings of arousal across all women, were
positively associated with right amygdala activation. Together, these findings demonstrate reductions in both amygdala activation and subjective
negative arousal in untreated postpartum vs nulliparous women, supporting the hypothesis of an attenuated neural response to arousing stimuli in
postpartum women. A causal role of oxytocin and the timing of potential effects require future investigation.
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INTRODUCTION

Postpartum women undergo functional changes in the neuroendocrine

circuitry that regulates emotional responding which may promote

adaptive decreases in reactivity to non-infant-related stressors. The hor-

monal state of new mothers may alter their neural processing, and

hence their perception of stressors in the environment through mod-

ulatory actions of oxytocin on the limbic system. The ability to distin-

guish effectively between threatening and harmless stimuli may help

postpartum women balance the need to protect their infants from ex-

ternal threats against the negative consequences that enhanced vigilance

in general might have on their own physiological stress response.

Although the mechanisms underlying the postpartum changes in arou-

sal response are not entirely clear, oxytocin is thought to play an

important role in postpartum women’s heightened infant responsive-

ness and decreased stress response to non-infant stimuli (Carter et al.,

2007; Mortimer, 2008; Strathearn et al., 2009). fMRI research in women

(Strathearn et al., 2009) supports the central action of oxytocin in

heightened maternal responsiveness to infant-related stimuli in post-

partum women; however, it is not known whether there are oxytocin-

related decreases in women’s neural responses to non-infant stressors.

During recent years, the neuropeptide oxytocin has earned consid-

erable interest with regard to regulation of social interactions, attach-

ment and stress in addition to its originally studied role in maternal

physiology and behavior. Concurrent postpartum increases in oxytocin

may serve as a protective factor for new mothers from the dramatic

psychological and biological changes that accompany parturition

(Carter et al., 2001). The neuropeptide may have a vital role in the

regulation of postpartum women’s stress response via its actions on the

hypothalamic–pituitary–adrenal (HPA) axis (Carter et al., 2001; Bartz

and Hollander, 2006; Meyer-Lindenberg et al., 2011), which is itself an

important regulating system of the stress response, mood and general

arousal. Postpartum women demonstrate changes in HPA axis func-

tioning, e.g. suppressed response to corticotrophin-releasing hormone

(CRH), which may be related to breastfeeding (Altemus et al., 2001).

Breastfeeding by itself has been shown to increase oxytocin (Drewett

et al., 1982; Carter et al., 2007) and decrease stress (Mezzacappa and

Katkin, 2002). Compared to bottle-feeding women, breastfeeding

women with their possibly higher endogenous oxytocin levels

(Drewett et al., 1982; Carter et al., 2007) show a blunted HPA response

to physical and psychological stressors (Altemus, 1995; Altemus et al.,

2001; Heinrichs et al., 2001; Groer et al., 2002; Tu et al., 2006). Animal

models showed that oxytocin acts in the brain to decrease the stress

response of new mothers by inhibiting CRH (Carter et al., 2001) and

thereby suggest that oxytocin might mediate the stress-reducing effects

of breastfeeding. Oxytocin administration is shown to lower cortisol in

men and women (Ditzen et al., 2009), especially in conjunction with

social support (Heinrichs et al., 2003); giving further evidence that

oxytocin is complexly involved in postpartum women’s decreased

stress responsivity.

The unique neuroendocrine state of new mothers may promote an

altered perception and neural processing of the environment, possibly

through inhibitory actions of oxytocin in the limbic system in response

to stressors. Before the point of HPA axis activation, the brain must

process the stimulus as a stressor (Tu et al., 2006), leaving open the

possibility that oxytocin acts in the limbic system to modify the per-

ception of stressors, in addition to possible direct oxytocin effects on

the HPA axis. The reported decreases in HPA axis activity in new
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mothers could, therefore, reflect concurrent functional changes in the

responsiveness of the prefrontal-limbic brain circuitry to environmental

stressors. The amygdala is a likely site of this altered processing based

on recent neuroimaging work demonstrating decreased right amygdala

activation in response to emotional faces with oxytocin administration

in men (Kirsch et al., 2005; Domes et al., 2007; Meyer-Lindenberg et al.,

2011). However, a similar study in non-postpartum women found

increased left amygdala (and to a lesser extent right amygdala) activa-

tion in response to fearful faces with nasal spray application (Domes

et al., 2010). The authors argue that increased amygdala activation to

oxytocin might facilitate child protection due to the sensitization to-

ward possible threat. This interpretation is consistent with the hypoth-

eses of the current study. We believe that infant-related threatening

stimuli would produce a different response than the general

non-infant-threatening negatively arousing stimuli used here. It is cur-

rently unknown whether the amygdala responds differently in postpar-

tum vs nulliparous women in response to non-infant-related negatively

arousing stimuli.

The current study aimed to characterize neural activation of post-

partum women in response to negatively arousing non-infant-related

stimuli and to ask whether oxytocin might modulate this activity. We

hypothesized that oxytocin acts centrally in the amygdala to modulate

neural processing of negatively arousing environmental stimuli, which

may alter the subsequent behavioral and psychological responses of

postpartum women to stressors. Using a between-subject double-blind

placebo-controlled design in postpartum and nulliparous women, we

measured brain activation (fMRI) to oxytocin/placebo in response to

negatively arousing stimuli from the International Affective Picture

System (IAPS). We predicted that postpartum women would show

lower overall amygdala responses to negatively arousing non-infant-

related stimuli since they were expected to be less responsive to the

images given their generally attenuated stress response (Altemus et al.,

2001). We also expected neural activity in the amygdala when viewing

negative stimuli to be decreased in women receiving nasal oxytocin due

to inhibitory influences of oxytocin on the HPA axis in response to

negatively arousing images.

METHODS

Participants

Participants were 30 nulliparous and 29 postpartum women recruited

through flyer, emails and local organizations. We included only het-

erosexual women currently in relationships, aged 20–40 years, who

were not depressed, using antidepressants or other psychotropic medi-

cations, and not pregnant. Postpartum respondents were only eligible

if they were primarily breastfeeding their infant (>75% breast vs bottle

feeding) and had infants between 1 and 6 months old. Postpartum

participants were phone-screened for postpartum depression using

the Edinburgh Postnatal Depression Scale (EPDS; Cox et al., 1987).

Only women scoring below 10 on the EPDS screening instrument were

considered eligible. Due to the strong magnetic fields used for MR

imagers, women who had magnetic life-support devices, metal pros-

theses or other metallic objects were excluded from this research.

Participants were assigned to either the placebo or oxytocin nasal

spray group in a double-blind procedure. Specifically, at the time of

scheduling and phone screening by the principal investigator (PI) and

prior to mailing materials, participants were assigned to the next avail-

able subject ID number and group assignment (A or B) from a

pre-generated list made by a co-investigator uninvolved with subject

screening or testing. The PI and all experimenters and assistants who

interacted with the participants and managed data did not know which

spray was placebo or oxytocin (A and B). The code for spray group was

broken only after all data had been collected and data analysis had begun.

Procedure

All procedures of the study were approved by the University’s (Indiana

University) institutional review board committee and were in compli-

ance with ethical treatment of human subjects guidelines. After the

initial phone screening and scheduling, the women were mailed a par-

ticipant packet for at-home completion including a questionnaire re-

garding demographics, health, menstrual cycle, motherhood and

relationships with partners. Eligible nulliparous respondents were

scheduled to come in for testing during the periovulatory phase of

their menstrual cycle (Days 8–16) to control for general hormonal

state. Participants were asked to abstain from alcohol, sexual activity

and tobacco use the day of the test session. Postpartum women were

requested to bring their infant with them to the test session and child-

care was provided. At the test session, postpartum participants were

asked to nurse their infant in a private adjacent room to enhance the

comfort of the mothers and infants and to control for changes in

oxytocin that occur with nursing (Altemus, 1995). Breastfeeding

ended �1 h and 15 min before fMRI scanning. Following consent

(and postpartum nursing), participants were administered a paper

version of the 10-item EPDS. These scores as well as Likert scale ratings

of self-reported feelings of anxiety (‘Do you currently feel anxious?’

Scale 0–7; 0¼ not at all, 7¼ very) were used as the mood variables in

the current study. Following the questionnaire, participants provided a

small (20 ml) urine sample for a baseline cortisol measurement. A

second urine sample was collected following the scanning to monitor

possible changes in cortisol across the session.

Next, participants were introduced to a laptop practice of the task

that they would perform in the fMRI scanner. The task involved view-

ing negatively arousing pictures in addition to neutral control pictures.

Pictures were taken from the IAPS (Lang et al., 2005), which includes

photos with normative ratings of valence and arousal for each photo

(1–9). Negative pictures used in the current study were low on valence

(IAPS rating: mean� s.d.¼ 1.78� 1.25) and high on arousal (IAPS

rating: mean� s.d.¼ 6.45� 2.20). Examples of negatively arousing

pictures are a mutilated body, a gun pointed at the viewer, a growling

dog or a car accident. Neutral pictures were mid-range on valance

(IAPS rating: mean� s.d.¼ 4.99� 1.15) and low on arousal (IAPS

rating: mean� s.d.¼ 2.76� 1.91). IAPS negative stimuli have been

shown extensively to activate the amygdala (e.g. Garavan et al., 2001;

Hariri et al., 2003; Britton et al., 2006) and can increase cortisol

(Buchanan and Tranel, 2008). During photo presentation, participants

performed a backward-matching task to ensure attention. After the

task introduction, �30 min prior to the first run on fMRI scanning,

participants received either nasal oxytocin or placebo nasal spray.

Participants received an absolute dose of 24 IU, based on previous

studies (Kosfeld et al., 2005; MacDonald et al., 2011). The oxytocin

nasal spray (Syntocinon�, Novartis Pharma, Switzerland) contains a

synthetic oxytocin nonapeptide (Kosfeld et al., 2005; MacDonald et al.,

2011). The placebo spray contained only the inactive carrier found in

the active oxytocin spray and is indistinguishable from the active spray

(Meyer-Lindenberg et al., 2011). A recent study in primates demon-

strated increased levels of oxytocin measured in CSF after oxytocin

spray inhalation (Chang et al., 2012).

Imaging was carried out using a Siemens Magnetom Trio 3T whole-

body MRI. The MRI session took �1 h, during which the following

scans were acquired: (i) one 10-s three-plane scout/localizer used for

choosing slice planes and volumes for the remaining scans, (ii) seven

�5-min whole-brain functional blood-oxygenation-level-dependent

(BOLD) scans and (iii) one 5-min high-resolution whole-brain ana-

tomical scan. Each of the seven functional runs began with 12 s of rest

to ensure a stable baseline signal. During each run, participants viewed

64 stimuli in a randomized order from each category of negative and
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neutral pictures. Each stimulus was presented for 2 s, followed by a

variable inter-stimulus interval of 2–6 s. As described for the practice

task, the participants performed a one-back matching task. Following

the fMRI session, participants provided an additional urine sample.

Participants then viewed the same stimuli as presented during the

fMRI scanning on a laptop and rated them for how ‘aroused they

make them feel’ (1–9).

Urine samples were frozen at �208C until shipment for assay by the

Assay Services laboratory at the University of Wisconsin National

Primate Research Center. Cortisol levels were measured in 6 ml of

urine by enzyme immunoassay (Ziegler et al., 1995). The assay/

inter-assay coefficient of variation for a low pool was 2.5/3.8% and

for a high pool was 4.1/4.7%.

Imaging parameters

Images were collected using a 32-channel phased-array head coil. The

field of view was 220� 220 mm, with an in-plane resolution of

128� 128 pixels and 35 axial slices of 3.4 mm thickness per volume.

These parameters produced voxels that were 1.7� 1.7� 3.4 mm.

Functional images were collected using a gradient-echo BOLD

echo-planar imaging sequence: TE¼ 24 ms, TR¼ 2000 ms, flip

angle¼ 708. Parallel imaging was used with a iPAT factor of 2.

High-resolution T1-weighted anatomical volumes were acquired

using a Turbo-flash 3D sequence: TI¼ 900 ms, TE¼ 2.67 ms,

TR¼ 1800 ms, flip angle¼ 98, with 192 sagittal slices of 1 mm thickness,

a field of view of 224� 256 mm and an isometric voxel size of 1 mm3.

Data analysis

Demographic information was compared using multivariate analysis of

variance (ANOVA) with cohort and group and the between-subject

factors. Cortisol data were analyzed using a repeated-measures

ANOVA across pre- and post-time points with cohort and group as

between-subject factors. We tested whether self-reported arousal ratings

in response to images differed across cohort (nulliparous vs postpar-

tum) or with nasal spray treatment group using a repeated-measures

ANOVA across photo type with cohort and nasal spray as between-

subject factors and age, percent body fat and EPDS score as covariates.

Imaging data were analyzed using BrainVoyagerTM QX 2.2.

Individual anatomical volumes were transformed into a common

stereotactic space based on the reference of the Talairach atlas using

an eight-parameter affine transformation. All functional volumes were

re-aligned to a reference functional volume, which was the volume

collected closest in time to the anatomical volume. Re-alignment was

done using an intensity-based motion-correction algorithm. Functional

volumes also underwent slice scan-time correction, 3D spatial Gaussian

filtering (FWHM 6 mm) and linear trend removal. Functional volumes

were co-registered to the anatomical volume using an intensity-based

matching algorithm and normalized to the common stereotactic space

using an eight-parameter affine transformation. During normalization,

functional data were re-sampled to 3 mm3 isometric voxels.

Whole-brain statistical parametric maps were calculated using a

random-effect generalized linear model with predictors based on the

timing protocol of the blocked stimulus presentation, convolved with a

two-gamma hemodynamic response function. A whole-brain analysis

was conducted using a three-factor 2� 2� 2 design with valence

(negative and neutral), cohort and nasal spray as factors.

Since the amygdala is the most studied of these regions with respect

to negative affect, we conducted a region of interest (ROI) analysis on

this region. Performing analyses on a subset of the data can be more

statistically sensitive than performing whole-brain analyses, because

the correction for multiple tests is less harsh if there are fewer tests

(Saxe et al., 2006; Poldrack, 2007). Thus, to further analyze the

interaction between valence, cohort and nasal spray, we performed

another ANOVA on the data from only the left and right amygdala

clusters found with the main effect of the whole-brain analysis. Note

that the main effect used to select the ROIs and the interaction effect

tested in the ROI analysis are orthogonal contrasts, which protects the

analysis from the problem of non-independent ROI analysis

(Kriegeskorte et al., 2009). Beta weights were extracted from group

ROIs using the analysis of covariance (ANCOVA) table tool in

BrainVoyager’s volume of interest module. Statistical hypothesis test-

ing was performed on the extracted beta weights using the repeated-

measures ANOVA and multiple regression tools in SPSS. Specifically,

data extracted from the right and left amygdala ROIs were examined

using a 2� 2� 2� 2 ANCOVA with valence (negative and neutral)

and hemisphere as within-subject factors, cohort and nasal spray as

between-subject factors and age, percent body fat and EPDS scores as

covariates (due to group differences and effect of mood on amygdala

activation). Follow-up post hoc analyses were conducted within cohorts

and groups (multivariate ANOVAs with the same covariates used

above).

In order to examine whether amygdala activation with negative

images was significantly related to endogenous cortisol levels, we per-

formed stepwise regression analyses on both activation in the right and

left amygdala. Variables entered in as predictors were cortisol pre,

cortisol post and cortisol change. Finally, we were interested in whether

activation in the amygdala was related to women’s self-reports of

arousal in response to the negative images. To examine this, we con-

ducted one-tailed Spearman correlations between ratings of arousal for

negative photos and average activation in the right and left amygdala.

This test was used because we had a directional hypothesis and the

subjective arousal ratings data were not normally distributed.

RESULTS

Sample

Participant characteristics by group are presented in Table 1. The

majority of participants self-reported as White (n¼ 47, 80%; 22

nulliparous), six were Asian (four nulliparous), three were Black

(all nulliparous), one was Hispanic/Latino (postpartum) and two par-

ticipants self-described themselves as ‘Other’ (one nulliparous). The

majority of women (n¼ 26, 44%) reported an education level at the

Bachelor’s degree level, 17 reported completing up to high school

(8 postpartum) and 16 had post-graduate degrees (11 postpartum).

Average age of participants was 27 years old; however, nulliparous

women were significantly younger than postpartum women (nullipar-

ous: mean� s.d.¼ 23.8� 3.74, postpartum: mean� s.d.¼ 30.21�

4.44, P� 0.001). Ten of the postpartum women reported currently

using hormonal contraceptives, none of the nulliparous women did.

Within postpartum women, eight women reported having resumed

menstruation, 21 did not. There were no differences in questionnaire

or neural responses based on hormonal contraceptive use and

menstruation. All postpartum women were breastfeeding (average

percent breast vs bottle feeding, mean� s.d.¼ 87%� 17.55). There

was no difference in self-reported anxiety or depression between post-

partum or nulliparous women, both reporting low levels (anxiety,

Likert score 0–7, mean� s.d.¼ 0.29� 0.49; EPDS score 1–9,

mean� s.d.¼ 4.78� 3.51). Women reported on average 7 h of sleep

a night; there was not a significant difference between nulliparous

(mean� s.d.¼ 7.24� 1.46) and postpartum (mean� s.d.¼

7.45� 1.53) women. We did observe a significant difference in

weight (P¼ 0.04) and percent body fat (P¼ 0.001) in which postpar-

tum women were heavier (weight kgs, Mean SD nulliparous¼

62.69� 12.27 kgs, Mean� SD postpartum¼ 69.73� 11.81 kgs; for

percent body fat: nulliparous: mean� s.d.¼ 25.84� 7.76, postpartum:
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mean� s.d.¼ 33.82� 8.89). None of the variables discussed above dif-

fered significantly by nasal spray assignment group.

Cortisol

Data for two nulliparous women (pre and post for one participant and

post for another) and one postpartum woman (pre) were excluded

from analysis as outliers (>3 s.d. from the mean). Of the remaining

participants, women’s average cortisol levels at baseline were

307.60 ng/mg (n¼ 57, s.d.¼ 112.26) and 278.12 ng/mg following

fMRI scanning (n¼ 57, s.d.¼ 106.60). Nulliparous women had

higher cortisol levels overall compared to postpartum women

[repeated-measures ANOVA, F(1,54)¼ 7.02, P¼ 0.01]. However,

there was an interaction of time and cohort [F(1,54)¼ 7.40,

P¼ 0.009; Figure 1]. At baseline, nulliparous and postpartum

women did not differ in cortisol levels [nulliparous:

mean� s.d.¼ 327.70� 117.84, postpartum:

mean� s.d.¼ 286.80� 104.19; F(1,56)¼ 1.92, P¼ 0.17]. There was

a difference post-scan, however, in which nulliparous were signifi-

cantly higher than postpartum [nulliparous: mean� s.d.¼ 325.59�

115.95, postpartum: mean� s.d.¼ 232.29� 87.09; F(1,56)¼ 13.31,

P¼ 0.001]. For nulliparous women there was not a significant change

in cortisol from before to after the MRI scan (P¼ 0.94, mean� s.d.

change¼ 1.40� 90.85 ng/mg), while for postpartum women cortisol

decreased over time (P < 0.001, mean� s.d. change¼� 58.91�

74.26 ng/mg). There was no effect of nasal spray group on cortisol

levels.

Photo ratings

Three women were not included in the photo ratings analysis; two

women (one in each cohort) rated all pictures as ‘1’ (which suggests

that did not actually evaluate the stimuli) and one postpartum woman

did not complete the ratings due to time constraints. There was a

significant interaction of photo type, cohort and nasal spray

[F(1,41)¼ 4.24, P¼ 0.05]. Post hoc analyses demonstrated that

within the placebo group nulliparous women rated negative photos,

but not neutral photos, to be more arousing than did postpartum

women [nulliparous: mean� s.d.¼ 6.68� 1.44, postpartum:

mean� s.d.¼ 4.98� 2.32, F(1,28)¼ 5.71, P¼ 0.02; Figure 2]. How-

ever, within the oxytocin group there was no difference between nul-

liparous and postpartum women in ratings of arousal for negative

stimuli [nulliparous: mean� s.d.¼ 6.42� 1.53, postpartum: mean�

s.d.¼ 6.11� .73, F(1,26)¼ 0.45, P¼ 0.51; Figure 2]. Further analyses

within cohorts demonstrated no difference between oxytocin and pla-

cebo groups in either postpartum [placebo: mean� s.d.¼ 4.98� 2.33,

oxytocin: mean� s.d.¼ 6.10� .73; F(1,26)¼ 2.77, P¼ 0.11] or nul-

liparous women [placebo: mean� s.d.¼ 6.68� 1.44, oxytocin:

mean� s.d.¼ 6.42� 1.53; F(1,28)¼ 0.23, P¼ 0.63].

Whole-brain contrasts

fMRI data from six of the women were not usable due to excessive

motion artifacts or technical issues at the time of scanning, leaving a

total sample of 53 (13 nulliparous placebo, 14 nulliparous oxytocin,

12 postpartum placebo and 14 postpartum oxytocin) for the brain

imaging analysis. Contrary to our hypotheses, no clusters passed a

false discovery rate corrected threshold (q¼ 0.05) for the main effect

of cohort, the main effect of nasal spray or any of the interaction terms.

Consistent with an extensive previous literature, there was a significant

main effect of valence in the bilateral amygdala (Talairach coordinates:

right, 13, �2, �9; left, �17, �3, �9; Figure 3), and also in four other

brain regions, the right dlPFC (37, 4, 24), the midbrain (4, �26, �4),

the thalamus (0, �13, 0) and the bilateral occipitotemporal cortex.

ROI: amygdala

There was an interaction effect of hemisphere, valence and cohort

[F(1,35)¼ 4.20, P¼ 0.05]. Follow-up post hoc analyses found a main

effect of parturition within the placebo [F(1,21)¼ 5.64, P¼ 0.03], but

not oxytocin spray, group [F(1,22)¼ 0.07, P¼ 0.79]. Within the pla-

cebo group, postpartum women had lower right amygdala activation

than nulliparous women did in response to negative (Figure 4), but not

neutral, images. The absence of group differences in response to nega-

tive images within the oxytocin group appears due to nulliparous

women’s lower amygdala responses to negative stimuli with oxytocin

vs placebo administration [F(1,19)¼ 5.83, P¼ 0.03], thus diminishing

the difference between nulliparous and postpartum ratings that was

observed in the placebo group (Figure 4). Regression analyses demon-

strated a significant positive relationship between cortisol post with

right amygdala activation in response to negative images within the

placebo group (n¼ 25, R2
¼ 0.21, r¼ 0.45, P¼ 0.02; Figure 5).

Correlation analysis also showed a positive association between right

amygdala activation and women’s self-reports of arousal (n¼ 50,

R¼ 0.24, P¼ 0.05).

DISCUSSION

The first aim of the study was to determine whether there were lower

levels of arousal in postpartum women in response to negative images.

This study did demonstrate differences in both subjective and amyg-

dala responses to negatively arousing stimuli in postpartum vs nul-

liparous women. As predicted, postpartum women in the placebo

group, when compared to nulliparous, demonstrated both decreased

subjective ratings of arousal and decreased right amygdala activation in

response to negatively arousing IAPS images. In conjunction with the

findings demonstrating lower cortisol levels across the test session in

placebo postpartum participants, the study supports the idea that there

is a decreased perception of and reaction to environmental stressors in

the postpartum period in healthy postpartum women (Altemus, 1995;

Altemus et al., 2001; Heinrichs et al., 2001; Tu et al., 2006).

The second aim of the study was to examine whether observed dif-

ferences in responses to arousing stimuli were related to oxytocin

through the administration of a nasal oxytocin spray. We predicted

that oxytocin would blunt responses to negatively arousing stimuli.

This hypothesis was partially confirmed for both fMRI results and

subjective assessments in that the parturitional differences reported

above were only significant within the placebo, but not oxytocin

spray groups. On their own, this pattern of findings suggests that dif-

ferences between nulliparous and postpartum women are decreased

with the administration and possible elevation of oxytocin. For the

Table 1. Participant characteristics by group.

Nulliparous Postpartum Total

White (N) 22 25 47
Asian (N) 4 2 6
Black (N) 3 0 3
Hispanic/Latino (N) 0 1 1
Other Race (N) 1 1 2
High School (N) 9 8 17
Bachelors (N) 16 10 26
Post Graduate 5 11 16
Age (Mean Years� SD)* 23.8� 3.74 30.21� 4.44 26.95� 5.19
Anxiety (Mean� SD) .32� .55 .25� .44 .29� .49
Depression (Mean EPDS� SD) 5.42� 4.51 4.24� 2.36 4.78� 3.51
Sleep (Mean hours� SD) 7.24� 1.46 7.45� 1.53 7.34� 1.48
Weight (Mean kg� SD)* 62.69� 12.35 69.73� 11.81 66.15� 12.50
% Body Fat (Mean� SD)* 25.84� 7.76 33.82� 8.89 29.76� 9.18

*Significant difference between groups (p < .05)
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fMRI results, this interpretation is more strongly supported by findings

showing lower right amygdala responses to negative stimuli in nul-

liparous women receiving the oxytocin spray vs placebo. This finding

in nulliparous women of a decreased amygdala response with oxytocin

administration is consistent with previous findings in which oxytocin

was administered to men (Kirsch et al., 2005; Domes et al., 2007).

However, this pattern is inconsistent with the Domes et al. (2010)

which used fearful faces as stimuli, in contrast to the current study

that used negative IAPS images. Additionally in contrast to the Domes

et al. (2010) study, the nulliparous women in our study were all tested

during the late follicular phase of their menstrual cycle, rather than the

luteal phase, suggesting possibly that the existing hormonal state, spe-

cifically levels of progesterone in relation to estrogen, in which oxyto-

cin is administered may mediate the observed effect in women.

Similarly, postpartum women may not have responded to exogenous

oxytocin spray in our study the same way as nulliparous women due to

pre-existing postpartum changes in neuroendocrine function and their

current hormonal state. Postpartum women may be ‘primed’ in a sense

from breastfeeding and general maternal physiology to have a system

that is either de-sensitized to the exogenous oxytocin, or possibly al-

ready saturated from endogenous elevations of this hormone.

Also of interest from this study were findings demonstrating direct

relationships between amygdala activation to negative stimuli and cor-

tisol. We observed a positive association between right amygdala acti-

vation in response to negative stimuli and endogenous cortisol levels

(post-scan) in our placebo group, consistent with previous work

(Buchanan and Tranel, 2008). The absence of this relationship in the

oxytocin spray group further suggests a direct relationship between

oxytocin and changes in HPA axis function. For the women in our

study who received oxytocin, there was a disrupted relationship be-

tween amygdala responses to negative images and subsequent cortisol

levels. We cannot be sure whether this is due to peripheral or central

actions of the nasal oxytocin in the brain due to the limitations in our

understanding and measurement of the relationship between central

and peripheral oxytocin in humans. Wherever the target, however, it is

interesting that increasing oxytocin had an immediate and detectable

effect on the relationship between women’s amygdala responses and

cortisol levels. These findings must be interpreted with caution; how-

ever, since time of day of the sessions and cortisol sampling was not

controlled for and may be confounded by the diurnal rhythm of this

hormone.

Fig. 2 Average ratings of arousal for negative photos within nasal spray groups by cohort.
Nulliparous women receiving the placebo spray rated the photos to be more arousing than post-
partum women receiving the placebo.

Fig. 3 Coronal slice showing functionally defined amygdala ROIs (circled in yellow) determined from
main effect of negative–neutral (15, �4, �11), i.e. collapsing across cohort and spray condition.

Fig. 1 Average cortisol levels before and after MRI scanning in nulliparous and postpartum women.
Nulliparous women had higher levels than postpartum women overall and post-scan. Only post-
partum women demonstrated a decrease over time.
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Additional limitations of our study warrant mention in order to

inform future work and interpretation of the current results.

Although the use of the oxytocin nasal spray methodology is a signifi-

cant strength, its relative novelty allows for some outstanding ques-

tions. The dosage and timing used was based on previous studies in

men and women (i.e. Kosfeld et al., 2005) rather than a dose or neu-

roendocrine response expected to be reflective of postpartum neuroen-

docrinology. It is not known whether lower or higher doses would

produce different patterns of results, or for instance, whether there is

some ‘threshold’ over which levels of oxytocin alter responsivity in

women or reach a ceiling effect. We believe our timing of administra-

tion relative to fMRI scanning was delayed enough for action in the

brain to be captured, but before it would have left the system.

However, this can not be confirmed. Future work examining the

dose response curve and timing of oxytocin action in humans or pri-

mates would be useful for future study designs using nasal oxytocin

Fig. 5 BOLD signal change by nasal spray group in relation to cortisol levels taken following the fMRI scan. There was a significant positive relationship between cortisol (post) and right amygdala activation in
response to negative images within the placebo, but not oxytocin, group.

Fig. 4 BOLD signal change as a function of stimulus valence, cohort and nasal spray group. There was a significant effect of cohort in only the placebo group in which nulliparous women had a higher right
amygdala response than postpartum did in response to negative stimuli. Nulliparous women in the oxytocin group had lower levels of activation to negative pictures than did nulliparous women in the placebo
group. This pattern was not observed for neutral images.
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and for our understanding of oxytocin in the maternal brain.

Additionally, all of our postpartum women were breastfeeding,

which may have altered the sensitivity or responsiveness of these

women to the nasal oxytocin. Future research should compare post-

partum women who are not breastfeeding in order to separate out this

possible effect. Finally, although our nulliparous and postpartum par-

ticipants were very similar on many parameters, they did differ in age

and use of hormonal contraception, which may have undetected im-

pacts on women’s arousal response given associations of these variables

with cortisol responsiveness (Carr et al., 1979; Kirschbaum et al.,

1996). An ideal follow-up experiment would be a within-subjects

design.

In sum, this study supports an emerging literature demonstrating

functional changes in postpartum women’s neuroendocrine and be-

havioral response to stressors, and extends support for a causal role of

oxytocin on this change. Nulliparous women in our study who

received nasal oxytocin demonstrated decreased amygdala responsive-

ness to negative images and in that sense were pushed in the direction

closer to the maternal brain. What is unknown is whether the observed

induced changes in nulliparous women here can be thought of as

representative of the ‘start’ of the maternal neuroendocrine change

that accompanies parturition. We believe that the priority of future

work should be to understand the changes in oxytocin responsiveness

in postpartum women longitudinally to further understand the neu-

roendocrine timeline that initiates and subsequently maintains mater-

nal behavior. Given our differing results in nulliparous women from

Domes et al. (2010), other future work should also examine the pos-

sible mediation of other hormones, specifically progesterone. This

would have implications not only for our understanding of the healthy

maternal brain, but also for women susceptible to postpartum depres-

sion who may not demonstrate the observed changes in stress respon-

siveness with parturition.
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