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Abstract

Background—Oxytocin, classically involved in social and reproductive activities, is
increasingly recognized as an antinociceptive and anxiolytic agent, effects which may be mediated
via oxytocin’s interactions with the dopamine system. Thus, genetic variation within the oxytocin
gene (OXT) is likely to explain variability in dopamine-related stress responses. As such, we
examined how OXT variation is associated with stress-induced dopaminergic neurotransmission
in a healthy human sample.

Method—Fifty-five young healthy volunteers were scanned using [11C] raclopride positron
emission tomography while they underwent a standardized physical and emotional stressor that
consisted of moderate levels of experimental sustained deep muscle pain, and a baseline, control
state. Four haplotype tagging single nucleotide polymorphisms located in regions near OX 7T were
genotyped. Measures of pain, affect, anxiety, well-being and interpersonal attachment were also
assessed.

Results—Female rs4813625 C allele carriers demonstrated greater stress-induced dopamine
release, measured as reductions in receptor availability from baseline to the pain-stress condition
relative to female GG homozygotes. No significant differences were detected among males. We
also observed that female rs4813625 C allele carriers exhibited higher attachment anxiety, higher
trait anxiety and lower emotional well-being scores. In addition, greater stress-induced dopamine
release was associated with lower emotional well-being scores in female rs4813625 C allele
carriers.
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Conclusions—Our results suggest that variability within the oxytocin gene appear to explain
interindividual differences in dopaminergic responses to stress, which are shown to be associated
with anxiety traits, including those linked to attachment style, as well as emotional well-being in

women.
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Introduction

For nearly a century, the neuropeptide oxytocin has been recognized as a critical social and
reproductive hormone. While early descriptions of oxytocin highlighted the hypothalamic
peptide’s ability to stimulate lactation and smooth muscle contraction during labor (1, 2),
recent examinations reveal its capacity to facilitate a variety of social and reproductive
activity from pair bonding to maternal behavior to sexual behaviors (see 3, 4). The
mechanisms underlying oxytocin’s influence on these behaviors are likely complex and
point to the involvement of the dopamine neurotransmitter system.

Oxytocin and its binding sites exist in areas outside of the hypothalamus, notably in regions
within the mesolimbic dopamine (DA) system such as the ventral tegmental area (VTA) and
the nucleus accumbens (NAc) [primate: (5-8) rat: (9-11)]. Evidence indicates that DA, in
conjunction with oxytocin, is necessary for pair bonding in prairie voles (12-15), facilitates
pup retrieval and licking in rats (16) and plays significant roles in social recognition and
sexual behavior. Infusion of oxytocin into the VTA increases dopaminergic activity in the
NAc (17) and stimulation of oxytocinergic projections within the VTA increases
extracellular DA within the NAc while concurrently inducing penile erection (18). It has
been postulated that oxytocin’s inducement of dopaminergic release within the mesolimbic
DA system may impact incentive salience attribution to a variety of social stimuli (e.qg.
infants, conspecifics, mates) to ultimately influence an organism’s drive towards such
objects (e.g. 18-22).

However, oxytocin’s modulation of motivational neural circuits does not appear to be
limited to the social/reproductive realm. Oxytocin has antinociceptive properties when
introduced into the amygdala and the NAc, both terminal fields of dopaminergic VTA
projections that are involved in the integration and regulation of salient information,
including that associated with painful stimuli (23-25). Along similar lines, oxytocin has
been shown to alter central dopaminergic responses associated with non-social behaviors,
including addictive behaviors (e.g. self-administration, tolerance, and dependence; see 26—
32) and stress (33). Thus, it has been hypothesized that oxytocin, though it may have
evolved as a mechanism to promote maternal, affiliative, and sexual behaviors key to an
organism’s reproductive success, also impacts neurobiological mechanisms that subserve
other functions, such as reward-seeking, drug taking, stress and pain responsiveness (e.g 19).

While data emerging from animal models has illustrated interactions between the
oxytocinergic and dopaminergic systems, this relationship has only begun to be explored in
humans. Functional magnetic resonance imaging studies have recently demonstrated that
new mothers with secure attachment display enhanced ventral striatal activation when
viewing pictures of their infants and activation was positively associated with changes in
plasma oxytocin levels while interacting with their babies (34). Other researchers have
observed that oxytocin administration increases trust behavior in humans and modulates
dorsal striatum activity during participation in a trust game (35).
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Given the relative paucity of data available on the potential linkage between DA and
oxytocin in humans, we examined how genetic variation at the oxytocin gene relates to
inter-individual variation in dopaminergic system function in humans using a direct measure
of DA activity. Common polymorphisms of the oxytocin gene (OXT7) were captured in a
custom-made array (36). To our knowledge, no neuroimaging or behavioral studies
examining OXT currently exist; however, the same polymorphisms studied here have been
associated with the diagnosis of schizophrenia, a disorder whose underlying
pathophysiology is hypothesized to involve abnormal dopaminergic neurotransmission in at
least subsets of patients (37, 38). Subjects were scanned using Positron Emission
Tomography (PET) utilizing the DA D2/D3 radioligand [*1C] raclopride, under control and
pain-stress conditions known to activate DA release in both the ventral and dorsal striatum
(25). Under those conditions, endogenous DA release during the challenge is observed as a
reduction in the /nvivo availability of DA D2/D3 receptors, which was then related to OXT
polymorphisms and relevant psychophysical correlates.

Methods and Materials

Participants

Genotyping

Fifty-five right-handed healthy volunteers (32 women, age 27 + 6 and 23 men, age 26 + 3,
mean + SD) participated in a pain-stress challenge described previously (see 25 and
supplemental information). Protocols were approved by the University of Michigan
Investigational Review Board and the Radioactive Drug Research Committee. Written
informed consent was obtained from all subjects.

Tagging SNPs—DNA was extracted from blood samples taken at the time of scanning. A
genomic region containing sequence 5 kb upstream and 1 kb downstream of OX7, mapped
to chromosome 20p13, was retrieved from NCBI Human Build 35.1. Haplotype tagging
single-nucleotide polymorphisms (SNPs) were identified using a previously described
design pipeline (36). Four haplotype tagging SNPs (rs4813625, rs877172, rs3761248 and
rs2740210), located in noncoding regions just upstream/downstream to OX7, were
genotyped using the Illumina GoldenGate platform (36). Genotype and allele frequencies
are shown in Table 1. The genotype frequencies for all 4 SNPs were in Hardy-Weinberg
Equilibrium. Some SNP data could not be accessed due to poor assay quality so the sample
sizes vary slightly for each of the analyses (Table 1).

Blood samples were genotyped for 186 ancestry markers (AlMs) to calculate ethnic factor
scores (36). This score was included as a covariate in all analyses to account for variability
in allele frequencies across ethnicities (see supplemental information).

Behavioral Questionnaires

Given oxytocin’s anxiolytic effects and previous data linking plasma levels of oxytocin to
attachment anxiety (39), we performed exploratory analyses assessing the potential broader
impact of genetic variation on measures of attachment using the Attachment Style
Questionnaire (40) and more general measures of self-reported well-being (which appear to
be partially inherited, 41) using the psychological (PWB, 42), emotional (EWB, 43), and
social well-being (SWB, 44) scales. Furthermore, we examined the influence of oxytocin
genotype on general measures of anxiety using the State-Trait Anxiety Inventory (STAI, 45)
obtaining trait measures at the time of subjects’ enrollment and state measures immediately
prior to scanning.
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Pain-Stress Challenge—In order to examine DA activity, we employed a universal
physical and emotional stressor, moderate levels of sustained pain, which has previously
been shown to induce significant changes in D2/D3 receptor availability (25). This
experimental pain-stress challenge is particularly appropriate to probe oxytocin gene
influences as oxytocin has been previously demonstrated to not only influence dopaminergic
neurotransmission but also serve in antinociceptive and anxiolytic capacities.

A steady state of muscle pain was maintained over 20 min beginning 45 minutes post-tracer
administration. This took place through a computer-controlled infusion of medication-grade
hypertonic saline (5%) administered into the left masseter muscle. Pain intensity was rated
every 15 seconds from 0 (no pain) to 100 (most intense pain imaginable) using an electronic
version of 100 mm visual analog scale (VAS) and employed by the computer controller to
maintain constant pain in a manner comparable across subjects using a target of 40 VAS
units, as previously described (46, 47). Upon completion of the pain challenge, integrative
measures of the experience were obtained using the McGill pain questionnaire (MPQ, 48),
including an overall assessment of pain intensity and unpleasantness (VAS scale, 0 to 100),
and the Positive and Negative Affect Schedule (PANAS, 49). Preceding the pain-stress
challenge, subjects underwent a baseline control condition during which there was no
expectation of pain and no infusions took place. At the time of scanning, blood samples
were obtained to determine gonadal steroid hormone levels (estrogen, progesterone,
testosterone). Due to difficulties placing indwelling catheters in some subjects, only 26
females (GG, n=9, GC/CC, n=17) and 21 males (GG, n=7, GC/CC, n=14) had hormone
levels analyzed.

PET Acquisition and Preprocessing—~Each subject underwent a 90-minute PET scan
with [11C] raclopride, a DA radiotracer with affinity for both D2 and D3 receptors (50). PET
scans were acquired with a Siemens (Knoxville, TN) HR+ scanner in 3-D mode
(reconstructed full-width at half maximum (FWHM) resolution (~5.5 mm in-plane and 5.0
mm axially). The total activity of [11C] raclopride administered to each subject was 15.0 +
2.2 mCi (mean = SD). Radiotracer synthesis and image acquisition, coregistration and
reconstruction protocols were identical to those used in previous publications (see 25 and
supplemental information).

For each scan, two receptor-related measures were calculated, baseline DA D2/D3 binding
potential at equilibrium (BPyp) and the reduction in this measure with the pain-stress
challenge, which reflects the release of DA and the competition between the endogenous
ligand and the radiotracer (see 51 and supplemental information). Activation of the DA D2/
D3 system was assessed by calculating the difference between baseline and pain-stress
conditions (i.e. baseline-stress).

Magnetic resonance (MR) scans were acquired on a 3 Tesla scanner (General Electric,
Milwaukee, WI) for anatomical localization and coregistration to standardized stereotactic
coordinates. Acquisition sequences were axial spoiled gradient-recalled (echo time, 3.4 ms;
repetition time, 10.5 ms; inversion time, 200 ms; flip angle, 25°; number of excitations, 1;
124 contiguous images; 1.5 mm thickness). MR and PET images of each subject were
coregistered to each other using a mutual information algorithm as previously described (see
52 and supplemental information). To compensate for small residual anatomic variations
across subjects, a three-dimensional Gaussian filter (full-width-at-half-maximum 5 mm) was
applied to each image.
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Statistical Analyses

Voxel-by-voxel analyses were performed using SPM5 (Wellcome Department of Cognitive
Neurology, University College, London) and Matlab software (MathWorks, Natick, MA),
using a flexible factorial design. Given the previously described sex differences in
dopaminergic activity (53, 54) and the potential for sex differences in the effects of
oxytocin, sex was incorporated as an additional factor of interest into the statistical models.
Given the low numbers of minor-allele homozygotes when the sample was split by sex
(Table 2), the minor-allele homozygotes and heterozygotes were combined into one group
for each SNP analysis. Three of the 4 SNPs included in the array were in strong linkage
disequilibrium (Figure 1), so those tests were not strictly independent. Nonetheless, we
conservatively adjusted the significance threshold to p < 0.0125 to account for 4 tests.

We performed a mixed model ANCOVA using sex and genotype as between-subject factors
and stress condition (baseline-pain) as the within-subject factor with AIMs score as a
covariate, with family-wise error (FWE) correction. An effects-of-interest contrast was
utilized and significant regional data was extracted for post-hoc analyses. We used
Bonferroni correction for post-hoc analyses to account for multiple comparisons made
between groups (i.e., adjusted the threshold of significance to p=0.0125 to account for four
comparisons [Male GC/CC, Male GG, Female GC/CC, Female GG]). Only regions with
specific DA D2/D3 receptor binding were included in the analyses which incorporated
~42,000 voxels with BPyp values > 0.2. Numerical values for each significant region were
obtained by averaging the values of voxels contained in each cluster exceeding p<0.001
level (uncorrected). No global normalization was applied to the data. These data were
extracted for quantification of regional changes in BPyp, plotting, examination of potential
outliers and further statistical analyses using SPSS for Macintosh 19.0 (SPSS Inc., Chicago,
IL).

Results

Stress-Induced Activation of DA Neurotransmission

The SPM ANCOVA model for SNP rs4813625 revealed a significant peak localized in the
right ventromedial caudate. Similar regional effects were noted for rs3761248 and rs877172,
which are in linkage disequilibrium with rs4813625 (Table 2) however, were not significant
following correction for multiple comparisons. No effects were observed for the unlinked
SNP rs2740210. Given these results, stress-induced dopamine release (calculated as
reductions in BPyp from baseline to challenge conditions [baseline-stress], 51) was
extracted from the right ventromedial caudate using the MarsBaR region of interest toolbox
for SPM (55) and entered into SPSS for post-hoc analysis.

SPSS ANCOVA revealed a significant gene effect [F(1,45)=16.44, p = 0.0002], a
marginally non-significant sex effect [F(1,45) = 3.70, p = 0.061] and a significant sex x
genotype interaction [F(1,45) = 6.53, p = 0.014] for rs4813625. To clarify differences
between groups, stress-induced activation of DA D2/D3 neurotransmission was examined
pairwise using two sample t-tests. Female C allele carriers exhibited greater stress-induced
DA D2/D3 activation relative to female GG homozygotes [mean change BP + SE, Female
GG: -0.019 + 0.033, Female GC/CC: 0.1906 + 0.025, t=-4.966, p < 0.0001, Figure 2] and
relative to male C allele carriers [p=0.001, Figure 2]. No significant differences were
observed between male GG homozygotes and male C allele carriers [mean difference BP +
SE, Male GG: 0.00 £ 0.036, Male GC/CC: 0.0486 + 0.0298, t=—1.012, p = 0.324, Figure 2],
or between male GG homozygotes and female GG homozygotes [t=-0.386, p = 0.705,
Figure 2].
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Psychophysical Responses to Pain-Stress and Hormonal Influences

Attachment,

Given the effects of rs4813625 on DA activation, GG and C carriers were compared for
differences in demographics or pain experience in both females and males. There were no
significant differences in demographic, radiotracer dose or plasma levels of gonadal steroids
between genotype groups for either sex (Table 3). We also did not observe any differences
in STAI state anxiety scores at the time of scanning in either females or males. No
significant effects of rs4813625 genotype was observed for pain-specific variables: average
VAS ratings of pain intensity acquired every 15 sec for the 20 min challenge and the ratio of
VAS ratings to volume of algesic substance required to maintain pain at the target level
(Average VAS/Total Infusion Volume, a measure of sustained pain sensitivity). In addition,
we did not observe any differences in MPQ total or MPQ sensory scores, overall pain
unpleasantness, or the stress-induced change in PANAS positive or negative affect subscales
for either sex (Table 4). However, female GG homozygotes recalled lower overall pain
intensity immediately following the challenge though exhibited higher MPQ affective scores
relative to female C carriers (Table 4). No significant differences in these measures were
noted among males (Table 4).

Anxiety and Well-Being Scales

Among females, rs4813625 C allele carriers showed higher scores in Attachment Anxiety,
STAI trait anxiety, as well as lower scores on Emotional Well-Being (EWB; Table 4). No
significant effect of genotype was observed for Attachment Avoidance, Social Well-Being
(SWB), or Psychological Well-Being (PWB) scores in females (Table 4). No significant
genotype effects were observed in the male sample (Table 4).

Given the effects of rs4813625 on attachment, anxiety and well-being measures, simple
regression analyses were performed to determine their relationship with stress-induced DA
release. We observed a significant negative relationship between EWB Total scores and
stress-induced DA release within the right ventromedial caudate in our female sample (r =
-0.41, p=0.03, Figure 3). A similar relationship was observed in the male sample, but did
not reach statistical significance (r=—0.37, p=0.09, Figure 3). STAI trait anxiety was
positively related to stress-induced DA release in both males (r=0.45, p=0.03) and females
(r=0.30, p=0.13), however, this relationship only reached statistical significance in the
males. Relationships between Attachment Anxiety scores and stress-induced DA release
were in the positive direction in both females (r = 0.29, p = 0.15) and males (r = 0.40,
p=0.07), but below statistical significance.

Discussion

This study examined the effects of genetic variation associated with the oxytocin gene on
dopaminergic neurotransmission in humans. We observed that a SNP, rs4813625, located
upstream from the coding region of the gene was associated with DA responses to a
standardized physical and emotional stressor—moderate levels of sustained pain. Similar
effects, but of lesser magnitude, were also observed for additional SNPs in linkage
disequilibrium with rs4813625, but not with a SNP outside the haplotype block. The genetic
effect was sex-specific: female but not male carriers of the C allele showed greater DA
responses to the pain-stress challenge relative to GG homozygotes. Genetic variation did not
appear to influence psychophysical measures specifically related to pain, or changes in
affective state induced by the painful stimulus. The C allele was, however, related to low
emotional well-being, high STAI trait anxiety and high attachment anxiety among females —
traits which were in turn related to stress-induced striatal DA release.
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Dopamine is released in response to both psychological and physiological stressors, in
addition to its more traditional roles in responses to salient rewarding stimuli (25, 56-60).
The magnitude of stress-induced DA release varies greatly from individual to individual (25,
59). There are likely to be many sources of this variability, including genetic influences.
Strain differences in the mesocorticolimbic DA response to a forced swim test have been
noted in mice whereby the mice of a hypoactive phenotype (DBA/2) show enhanced stress-
induced mesoaccumbal DA release relative to their more active counterpart (C57BL/6; for
review, see 61). In rats, novelty-seeking phenotypes classified as high responders (HR) or
low responders (LR) on the basis of their locomotor response to novelty, which show
differential DA responses in response to stress (57), can be selectively bred for this trait
(62). Less work has been done to this end in humans, however polymorphisms in DA-
related genes, such as DRD2 and SLC6A3 appear to increase stress-induced craving of
cigarettes (63) and COMT has been shown to influence smoking induced DA release (64).

The link between oxytocin gene variation and dopaminergic responsiveness that we describe
here is in line with previous research, showing a significant interplay between oxytocinergic
and dopaminergic systems. Pain-induced increases in DA neurotransmission in the dorsal
caudate and putamen have been positively associated with pain intensity ratings in healthy
controls (25, 65). Ventral basal ganglia DA responses to pain, conversely, have been
associated with increases in negative affect and fear ratings during the challenge (25). Here,
variation in rs4813625 was related to DA responses to a pain-stressor within the right
ventromedial caudate. This region receives afferent projections from multiple limbic
structures including the hippocampus, amygdala, orbitofrontal cortex and anterior cingulate
(66) and is hypothesized to act in an integrative capacity, assimilating cognitive, affective
and motivational information to influence behavioral action (66-68). We did not, however,
observe any significant effects of OXT genotype on measures of pain sensitivity or changes
in affective state during the pain challenge. This was somewhat surprising given that
exogenously applied oxytocin has well-described antinociceptive and anxiolytic properties
(69-75), however, as others have pointed out (76), whether central endogenous
oxytocinergic (69) mechanisms contribute significantly to sustained pain perception is not
well understood. We did, however, observe differences in the subjective, integrative recall
of the experience among females. Interestingly, the female GG homozygotes overall
perception of the pain challenge was one of less pain intensity relative to female C carriers.
However, they did use more affective terms to describe their pain experience (as measured
by the affective subscale of the McGill) suggesting a greater awareness of the affective
quality of the challenge, even when its sensory intensity was not enhanced.

We also noted the magnitude of stress-induced DA release was significantly and negatively
correlated with EWB scores in females, not reaching statistical significance in males. Also
below statistical levels of significance, positive correlations were observed with attachment
anxiety ratings, in both males and females. In addition, we noted positive correlations
between STAI trait anxiety and stress-induced DA release in both genders, reaching
statistical significance in the male sample. This could suggest oxytocin effects are not
closely associated with acute subjective psychophysical responses to our pain challenge but
are more generally related to trait effects related to social or emotional function, particularly
in females. This possibility is consistent with our findings for rs4813625, where female C
allele carriers exhibited increased attachment anxiety, increased STAI trait anxiety and
lower emotional well-being ratings than GG homozygotes. Indeed, previous studies have
noted associations between changes in oxytocin plasma and attachment anxiety in humans
(39). Oxytocin receptor (OXTR) polymorphisms have also been shown to be associated with
autistic disorders, where a significant impairment of attachment behavior has been noted
(77-80), and with adult attachment styles in patients with depression (81). These
associations are not limited to patient populations; as was recently summarized by Meyer-
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Lindenberg and colleagues, associating OXTR polymorphisms with differences in social
behavior and emotional functions as well as depression and anxiety preoccupations in
control populations (82).

The direction of our findings for rs4813625 is notable in two regards. First, as described
above, genetic variation within OX7 was associated both with stress-induced DA activity
and with measures of well-being but only among female participants. The sex-specific
effects of rs4813625 on DA neurotransmission, and EWB are certainly in line with a
growing literature examining oxytocin effects. Expression of the oxytocin peptide and its
receptor tends to be higher in females, shows a sexual dimorphic distribution, and appears to
be modulated by gonadal steroids in animal models (see 3, 83-87). Oxytocin plays sex-
specific roles in reproductive behavior; for instance, oxytocin is critically involved in
parturition and lactation, inducing uterine contractions during labor and milk ejection during
breastfeeding in females (1, 2) and elicits erections in males (for review, see 88). Indeed,
animal models suggest maternal behavior is primarily governed by oxytocin whereas
paternal behavior may be more dependent on vasopressin mechanisms (89, 90). This pattern
holds true for some social behaviors, such as social recognition, where vasopressin and
oxytocin serve as a primary critical neuropeptides for males and females, respectively (for
review, see 91). Reports of sex differences in oxytocin functioning are not limited to animal
models; for instance, empathy triggered oxytocin release is higher in women than in men
(92) and intranasal oxytocin attenuates amygdala responses to emotional stimuli in men (93,
94) but enhances activity in this region in women (95). Furthermore, amygdala and
hypothalamic volume is related to OXTR genotype in a sex-dependent manner (96). These
data and ours suggest that further studies examining sex differences in oxytocin functioning
in humans are merited. Second, we found that female C-allele carriers exhibited not only the
greatest stress-induced increases in DA activity but also showed lower EWB scores and
higher attachment and STAI trait anxiety suggesting that this may represent a vulnerability
trait by responding more prominently to salient (in this case painful stress) stimuli, or
conversely, that GG homozygosity confers resiliency. From a clinical perspective, pain and
stress-induced variations in DA functioning have been related to anxiety and depressive
symptomatology in clinical samples (97) psychosis (98) persistent fibromyalgia pain (65), as
well as the risk for the development and recurrence of drug self-administration in animal
models (99).

This study represents initial research into genetic variation in the oxytocin gene and its
effects on human dopaminergic mechanisms and their behavioral correlates. The data
presented suggests that the oxytocinergic system influences the response of the DA system
selectively in females, and as such, maybe involved in normal and pathological states that
are more common among the females and where DA plays a significant role (e.g., anxiety,
responses to drugs of abuse). In this context, we note that oxytocin appears to exert effects
in domains beyond social and reproductive behavior, and that it influences stress-activated
mechanisms in humans.

We note several limitations to this study. First, our sample size, while rather large for PET
studies with neurochemical markers, necessitated the grouping of minor homozygotes and
heterozygotes and thus, we were unable to assess potential additive gene effects. These
findings should be followed up with a larger sample to address whether a dominant/
recessive or additive model is most appropriate to describe our gene effects. Second, the
proximal effects of rs4813625 on oxytocin function are presently unknown, though those
studies appear warranted by the data presented. A bicinformatics analysis indicated the
approximately 1KB region surrounding rs4813625 and rs3761248 has high regulatory
potential. Four transcription factors (c-Jun, NR1B1, c-Fos, ctcf) have annotated binding sites
near these SNPs; however, none of the binding site motifs specifically span either of the two
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SNPs. Though at this time there is no evidence indicating that rs4813625 is functional, it is
possible that a yet undiscovered polymorphism in linkage disequilibrium with rs4813625
confers the sex-specific effects described by influencing the expression, posttranslational
processing or function of oxytocin or its carrier protein neurophysin.

This study is of particular interest in regards to the potential for variation in oxytocin
function or expression to influence both variation in normal behavior (attachment style,
emotional stability) and resiliency and vulnerability for psychiatric disorders where DA
plays a significant role. Of immediate clinical application, oxytocin has been shown to
reduce tolerance, physical withdrawal and drug-self administration in animal models (29),
processes that show substantial sex-dependent effects (100) and for which no sex-specific
treatments are currently available. Further examination of OXT genetic variation effects on
these processes appears warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Linkage Disequilibrium
Figure. LD expressed as D’ in the study population
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Figure 2. Impact of OXT rs4813625 on Stress-Induced DA Neurotransmission

Left. Bar graph of extracted data from the right ventromedial caudate peak illustrating
stress-induced DA activation among males and females by rs4813625 genotype, Error bars
represent + 1 standard error of the mean (Female GG, n=10; Male GG, n=8; Female CC/CG,
n=18; Male CC/CG, n=14). Right. SPM ANCOVA results for OXT SNPs rs4813625,
rs3761248 and rs877172. Red circle indicates location of right ventromedial caudate peak.
Figure display threshold = 0.01.
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Figure 3. Emotional Well-Being Relationship with Stress-Induced DA Activation in the
Ventromedial Caudate
Graph. Relationship between total EWB scores and stress-induced ventromedial caudate

activation in men (r=-0.370, p=0.090) and women (r=—0.406, p=0.036).
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