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Abstract

Background—Drug dependence and adverse childhood experiences (ACE) are commonly
reflected by dysregulation of the hypothalamic-pituitary-adrenal axis (HPA). Accumulating
research indicates that the neuropeptide oxytocin may regulate HPA function, resulting in
reductions in neuroendocrine reactivity to social stress among individuals with drug dependence.
However, emerging literature suggests that individual differences may differentially impact
intranasal oxytocin’s effects on human social behaviors.

Methods—This study employed a double-blind, placebo-controlled design to examine the extent
to which ACE influenced the effects of intranasal oxytocin (40 1U) on neuroendocrine reactivity to
a laboratory social stress paradigm in a sample of 31 cocaine-dependent individuals.

Results—ACE scores modified the relationship between intranasal oxytocin and cortisol
reactivity. While ACE modified the relationship between intranasal oxytocin and DHEA response
in a similar direction to what was seen in cortisol, it did not reach statistical significance.

Conclusions—Findings are congruent with the emerging hypothesis that intranasal oxytocin
may differentially attenuate social stress reactivity among individuals with specific vulnerabilities.
Future research examining the nuances of intranasal oxytocin’s therapeutic potential is necessary.
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1. Introduction

Abundant research has demonstrated an association between substance dependence and
dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis (Clarke et al., 2008; Koob,
2008; Sinha, 2008). The effects of adverse childhood experiences (ACE; e.g. physical,
psychological, or environmental threats to stable and functional development) on drug
dependence (Benjet et al., 2013; Enoch, 2011; Mersky et al., 2013) and HPA axis function
are also salient (Carpenter et al., 2011; Heim et al., 2002; MacMuillan et al., 2009). Indeed,
recent research illustrates the combined negative effects of ACE and substance dependence
on stress reactivity in the HPA axis (Doan et al., in press; Gerra et al., 2014; Schéfer et al.,
2010).

Epidemiological studies have found that ACE increases the risk for the development of
substance use disorders (SUD)(Anda et al., 2002; Dube et al., 2003). Previous studies
indicate that childhood maltreatment is associated with earlier initiation of illicit drug use
(Nomura et al., 2012) and that child abuse and maltreatment is more prevalent among
cocaine-dependent individuals compared to the general population (Medrano et al., 2002).
Studies of cocaine-dependent individuals have found a significant association between
exposure to childhood maltreatment and psychological distress in response to aversive
psychosocial stimuli. For example, one study found that the severity of childhood
maltreatment was positively associated with greater perceived threat and harm-avoidance
coping strategies in cocaine-dependent individuals (Hyman et al., 2007). These data are
particularly alarming as stress is a significant acute and long-term risk factor for drug
craving and relapse (Back et al., 2010; McKay et al., 1995).

Perturbations in the HPA axis as a result of ACE play an important role in the development
and maintenance of SUDs. Glucocorticoid receptors are ubiquitous in corticolimbic brain
regions that regulate emotion (Aronsson et al., 1988). A growing literature suggests that
chronic stress produces a persistent elevation in glucocorticoid levels and subsequently
accelerates neuronal loss, delays myelination, and attenuates neuronal growth in
corticolimbic brain regions which may be manifested as maladaptive coping strategies such
as drug use (De Bellis, 2002; De Bellis et al., 2002; Dunlop et al., 1997; Gould et al., 1997,
Sapolsky et al., 1990). Of note, one study of treatment seeking cocaine-dependent
individuals found that changes in HPA hormones to a laboratory stress task were associated
with higher amounts of cocaine use during relapse episodes (Sinha et al., 2006). Preclinical
studies have found that postnatal stressors increase the reinforcing properties of drugs of
abuse, an effect that appears to be related to HPA hormones (Daskalakis and Yehuda, 2015).
Thus, the HPA axis may be an important mechanistic link between childhood maltreatment
and substance use disorders.

The neuropeptide oxytocin appears to mitigate the effects of stress in individuals with
SUDs. For example, compared with placebo, intranasal oxytocin produced significantly
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lower symptoms of alcohol withdrawal and anxiety in alcohol-dependent subjects (Pedersen
et al., 2013). Others have found that intranasal oxytocin produces significantly less craving
and anxiety to a social stress task than placebo in marijuana-dependent subjects (Carson et
al., 2013; McRae-Clark et al., 2013; Pedersen et al., 2013). Intranasal oxytocin is also
known to enhance prosocial and affiliative behaviors in rodents (Ferguson et al., 2001; Witt
et al., 1992) and non-human primates (Chang and Platt, 2013). Indeed, some researchers
attribute intranasal oxytocin’s therapeutic potential to its capacity to enhance reward
pathways in response to non drug-related stimuli (e.g. interpersonal relationships, mitigating
stress responses) which are commonly eroded by drug abuse over time (see MacGregor and
Bowen, 2012, for review).

However, recent literature suggests that individual and contextual differences may impact
the effects of intranasal oxytocin on social stress reactivity (Bartels, 2012; Bertsch et al.,
2012; Campbell and Hausmann, 2013; DeWall et al., 2014). For example, in a study of non-
human primates, oxytocin increased social contact in subordinate males but not in dominant
males (Winslow and Insel, 1991). Collectively, these findings have illuminated critical
nuances regarding intranasal oxytocin’s therapeutic potential (Bartz et al., 2011; Olff et al.,
2013). As a result, one new hypothesis regarding intranasal oxytocin’s effects on human
behavior suggests that intranasal oxytocin attenuates stress responses more effectively for
those with vulnerabilities such as poor coping and emotion regulation skills compared to
those equipped with more adaptive stress responses (Bartz et al., 2010; Cardoso et al., 2012;
Quirin et al., 2011). Interestingly, alterations in the oxytocin system have been found in
adults with a history of childhood maltreatment. For example, women with a history of child
abuse exhibit lower levels of oxytocin as compared to women without abuse histories (Heim
et al., 2009). Men with a history of maternal neglect exhibit lower oxytocin regulation of
HPA axis hormones than men without a history of maternal neglect (Meinlschmidt and
Heim, 2007). Thus, in light of the association between ACE and substance use disorders
(Douglas et al., 2010; Kessler et al., 1997), it is essential to investigate intranasal oxytocin’s
potential therapeutic benefits while also taking into consideration the influence of ACE on
intranasal oxytocin’s effects.

Translational research focusing on oxytocin is currently limited by the scarcity of studies
aimed at identifying populations for whom intranasal oxytocin may be beneficial. One
critical gap in this literature is that studies examining the effects of intranasal oxytocin on
social stress reactivity in the context of commonly co-occurring vulnerabilities, such as
substance dependence and ACE, are scant. Addressing this question is essential to better
understand potential therapeutic applications of intranasal oxytocin and pathways to
treatment for this high risk population. This exploratory study addressed this gap in the
literature by examining whether ACE severity influenced the effects of intranasal oxytocin
on measures of HPA axis function (e.g. salivary cortisol and Dehydroepiandrosterone
[DHEA]) to a social stress laboratory paradigm among cocaine-dependent individuals.
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2. Material and Methods

2.1 Participants

Our sample was comprised of 31 cocaine-dependent individuals who responded to local
media advertisements. Inclusion criteria included current cocaine dependence consistent
with DSM-1V diagnostic criteria (Sheehan et al., 1998a). Exclusion criteria included (1)
pregnancy, nursing, or ineffective means of birth control; (2) premenstrual dysphoric
disorder; (3) history of or current significant hematological, endocrine, cardiovascular,
pulmonary, renal, gastrointestinal, or neurological diseases; (4) history of or current
psychatic, panic, eating, or bipolar affective disorders; (5) current major depressive disorder
or PTSD; (6) history of or current medical conditions that might affect HPA axis activity;
(7) synthetic glucocorticoid or exogenous steroid therapy within one month of testing; (8)
psychotropic medications, opiates or opiate antagonists, benzodiazepines, antipsychotics,
beta-blockers and other medications that might interfere with HPA axis activity; (9) acute
illness or fever; (10) body mass index = 35; (11) DSM-IV criteria for other substance
dependence except caffeine, nicotine or marijuana within the past 60 days or (12)
unwillingness or inability to maintain abstinence from alcohol and other drugs of abuse
(except nicotine) for three days prior to the laboratory sessions.

2.2 Measures

Inclusion and exclusion criteria were determined by The Mini-International
Neuropsychiatric Interview (MINI; Sheehan et al., 1998b) and the substance use module of
the Structured Clinical Interview for DSM-IV (SCID-1V; First et al., 1994).

The Adverse Childhood Experiences (ACE) Survey (Felitti et al., 1998) is a 10-item self-
report survey used to assess ten domains including childhood abuse (emotional, sexual and
physical), neglect (emotional and physical) and household dysfunction (domestic violence,
substance abuse, mental illness, criminal household member and parental divorce/
separation). Responses to each item have 1 (yes) and 0 (no) options. Total scores were
obtained by summing all items (Cronbach’s a=.65). While no specific cutoff scores exist for
the ACE, higher are associated with increased risk for physical and mental health problems
and functional impairment in adulthood (Anda et al., 2002; Chapman et al., 2004; Dube et
al., 2002).

2.3 Procedures

All procedures received Institutional Review Board (IRB) approval. To minimize the impact
of recent drug/alcohol use on stress reactivity and minimize potential for interaction between
study medication and cocaine or alcohol, participants were asked to remain abstinent from
cocaine and other drugs for a minimum of three days prior to the study procedures.
Abstinence was assessed using self-reports, urine drug screens (Roche Diagnostics,
Indianapolis, Indiana), and breathalyzer tests (AlcoSensor Il1, Intoximeters, Inc., St. Louis,
Missouri). Participants were assessed at the same time of day (beginning at 11:00 am) to
control for diurnal variations in HPA function. Female participants performed a urine
pregnancy test prior to study procedures. THC positive urine drug screens were allowed if
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the participant denied use in the past three days due to the extended period of detection of
THC in urine. Smokers were provided with a nicotine patch.

At 11:30 a.m., baseline salivary cortisol and dehydroepiandrosterone (DHEA) data were
collected. Subjects were served lunch and remained in the testing room where they remained
until 1:15 p.m. subjects received study intranasal oxytocin or placebo. Study participants
were randomly assigned to intranasal oxytocin (40 1U) or placebo treatment. All medication
was dispensed in a double-blind manner. Subjects self-administered 40 1Us of oxytocin
nasal spray or matching placebo at 1:15pm. This dose and timing of administration was
selected based on previous studies that have used similar doses of intranasal oxytocin
(Ditzen et al., 2009; McRae-Clark et al., 2013). Intranasal oxytocin and matching placebo
were compounded by Pitt Street Pharmacy Custom Compounding (Mt. Pleasant, South
Carolina).

2.4 Social Stress Paradigm Procedures

Participants performed the Trier Social Stress Task (TSST; Kirschbaum et al., 1993) and
were told that at 2:00 (s)he would soon perform to an audience a speech and arithmetic task.
The topic of the speech was why (s)he should be hired for a particular job (the individual’s
“dream job”). The participant was asked to deliver the speech as though speaking to a group
of hiring managers. The participant was told that the team is trained to observe your
behavior. The experimenter then gave the participant 5 min to prepare the speech. At 2:05,
three individuals unfamiliar to the participant (the audience) entered the room and were
seated; the individual was instructed by one audience member (the spokesperson) to stand
and begin his/her prepared speech (without notes) for five minutes. If the individual paused,
(s)he was instructed by the spokesperson to continue. At the end of the speech task (2:10),
the individual was instructed to serially subtract 13 from 1,022 as quickly and accurately as
possible. The mental math recitation continued for 5 minutes. At the end, the spokesperson
instructed the participant to stop and to be seated, and the audience left the procedure room.
Data were collected from participants at 2:15 (immediately after the task) and at 5-, 30- and
60-minutes post-task.

2.5 Endocrine Assays

Enzyme-linked immunosorbent assays were used to measure salivary cortisol and DHEA
levels (Salimetrics, LLC, State College, PA). The cortisol kit has a lower sensitivity limit of
<0.003 pg/dL. The DHEA assay has a lower sensitivity limit of 5 pg/ml.

2.6 Data Processing and Statistical Analysis

Prior to the analysis, standard descriptive statistics were used to summarize the demographic
and clinical characteristics of the study population. Demographic, clinical, and use
characteristics were examined for univariate predictive relationships with the stated
outcomes as well as possible confounding effects with treatment with outcomes. Residual
normality was tested using a combination of graphical (Q-Q plots) and statistical tests
(Shapiro-Wilk test). When model residuals were found to violate assumptions of normality
or homoscedasticity, appropriate transformations were used. In order to gauge the effect of
intranasal oxytocin or placebo on the outcomes response to the administration of oxytocin or

Psychiatry Res. Author manuscript; available in PMC 2016 September 30.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Flanagan et al.

3.Results

Page 6

placebo (prior to the stress task), linear mixed effects models containing the baseline and
post intranasal oxytocin or placebo administration were assessed. To estimate the effect of
administration of oxytocin or placebo on the response to the social stress task; linear mixed
effects models that use all serially measured time points following administration of the
study drug tested the neuroendocrine responses to intranasal oxytocin compared to placebo
as well as the modification of the oxytocin effect by increased ACE scores (treatment x
ACE interaction). Model based means and standard errors were used to test group level
comparisons at each post medication time point. Included model factors were randomized
oxytocin treatment assignment, ACE scores, time, pre-medication cortisol/DHEA levels, the
treatment assignment x time interaction, and the treatment assignment x ACE interaction.
The effects of the administration of intranasal oxytocin versus placebo are measured as the
pre-TSST levels, adjusted for pre-medication levels, and are noted as mean group
differences and associated standard errors (A+SEM). Additionally, a summary measure of
area under each neuroendocrine response curve following medication administration was
calculated using the trapezoidal rule and compared between groups adjusting for pre-
medication levels (adjusted for baseline levels). Spearman correlations between baseline
ACE scores and neuroendocrine responses immediately following TSST are noted as the
relationship (rho) between the variables and the associated significance level. All statistical
analyses were conducted using SAS version 9.3 (SAS Institute Inc., Cary, NC). Significance
for all planned pairwise comparisons was set at a two-sided p value of 0.05 and no
correction for multiple testing was applied to reported p values.

3.1 Patient Demographics and Clinical Characteristic

A total of 42 individuals were assessed for eligibility; 35 met requirements and were
enrolled and randomized into the study. Of the randomized participants, 32 had valid ACE
scores; two participants had missing ACE scores and one participant was excluded due to
questionable validity of neuroendocrine values. Our analysis sample consisted of 31
participants with valid ACE and neuroendocrine data. The mean age of the study
participants was 42.6 years (SD, 9.2), 83.9% were males and 16.1% were Caucasian (Table
1). There were no differences for any baseline demographic or clinical characteristics. Both
cortisol and DHEA mixed model errors were in violation of model assumptions (residual
normality) and were transformed using the natural logarithm.

3.2 Neuroendocrine Response to Intranasal Oxytocin and TSST

In response to the administration of the study drug (pre-TSST), there was a significant
decrease in measured neuroendocrine levels in the study cohort (Cortisol: A=-0.21+0.09,
tog=—2.3, p=0.032 and DHEA: A=-0.26+0.09, t,g=-2.9, p=0.007). These changes in
response to the medication/placebo were not statistically different from the null hypothesis
of ‘no change’ in the placebo group (Cortisol: A=—0.12+0.13, tyg=—1.0, p=0.348 and DHEA:
A=-0.11+0.12, tpg=—0.9, p=0.368), whereas the administration of intranasal oxytocin
induced a significant decrease in both cortisol and DHEA levels (Cortisol: A=-0.29+0.13,
tog=—2.2, p=0.035 and DHEA: A=-0.40+0.13, tyg=-3.2, p=0.004). Although measured
neuroendocrine level decreases were greater in the oxytocin group, the difference was not

Psychiatry Res. Author manuscript; available in PMC 2016 September 30.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Flanagan et al.

Page 7

significantly reduced as compared to the placebo group (Cortisol: A=—0.17+0.18, tog=—0.9,
p=0.361 and DHEA: A=-0.29+0.18, tyg=—1.6, p=0.114).

Following the stressor (TSST), there was no significant increase in either cortisol or DHEA
from the pre-TSST time point (Cortisol: A =—0.07+0.07, t115=-1.0, p=0.315 and DHEA: A=
-0.04+0.06, t115=—0.7, p=0.515; Figure 1). Additionally, there was no modifying effect of
the administration of intranasal oxytocin on cortisol or DHEA response levels immediately
following the TSST (Cortisol: A =0.20+0.15, t115=1.4, p=0.166 and DHEA: A=0.10+0.13,
t115=0.8, p:0.419).

3.3 Effect of ACE on Neuroendocrine Response to the TSST

Although there was not a significant effect of intranasal oxytocin on response to the TSST
(Figure 1), it was hypothesized that the correlation between neuroendocrine levels and ACE
could modify the effect of intranasal oxytocin. There was a significant modifying effect of
ACE scores on the relationship between intranasal oxytocin administration and cortisol in
response to the TSST (B = 0.30%0.12, t115=2.5, p=0.013). Results indicate that there is a
significant positive association between baseline ACE scores and cortisol response levels in
the untreated placebo group (B = 0.24+0.09, t;15=2.5, p=0.014) that were attenuated in those
that received intranasal oxytocin (f = 0.09+0.06, t115=1.6, p=0.121). Similarly, the analysis
of the area under the cortisol response curve (following administration of medication/
placebo) was significantly increased in placebo randomized participants (f = 2.7+1.2,
t13=2.3, p=0.039) and not in those receiving intranasal oxytocin (§ = -0.3+0.9, t;,=-0.3,
p=0.748). Although the modifying effect of ACE scores on the relationship between
intranasal oxytocin and the DHEA response was similar in direction to what was seen in
cortisol, it failed to reach statistical significance (f = 0.19+0.11, t;15=1.8, p=0.072). The
positive association between baseline ACE scores and DHEA response to the TSST in the
placebo group was not as robust as was seen in the cortisol response (p = 0.14+0.09,
t115=1.6, p=0.110). However, the group receiving intranasal oxytocin was attenuated in a
similar manner (3 = 0.04+0.05, t115=0.8, p=0.419). Unlike the cortisol response, the area
under the DHEA response curve was not significantly associated with ACE scores in either
the placebo (B = 33.9£22.1, t13=1.5, p=0.149) or oxytocin groups (B = —7.2+10.1, t;,=-0.7,
p=0.492). These relationships are shown in Figure 2 for the time point immediately
following the TSST. Similar to the results from the longitudinal analysis, there was a strong
correlation between baseline ACE scores and cortisol in the group that received placebo
(p=0.60; p=0.015) that was attenuated in the group that received oxytocin (p=-0.18;
p=0.515); the correlations between baseline ACE scores and DHEA measured following
TSST were insignificant in both treatment groups. The remaining time points show similar
relationships between ACE scores and cortisol/DHEA levels across treatment groups (Data
not shown).

4 Discussion

This pilot study examined the extent to which the effects of a 40 1U dose of intranasal
oxytocin on social stress reactivity were influenced by the severity of ACE. Results indicate
that ACE scores and cortisol reactivity to the TSST were positively correlated in our sample.
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This association was attenuated among participants in the oxytocin condition. Additionally,
the less robust correlation between ACE scores and DHEA reactivity to the TSST was also
attenuated among participants in the oxytocin condition. These preliminary findings suggest
that in our sample, ACE scores were correlated with cortisol reactivity among participants
who received placebo, but not among those who received intranasal oxytocin.

We found no effect of intranasal oxytocin on cortisol levels in response to the TSST. A
significant and positive association between the cortisol responses to the TSST and the
number of adverse childhood experiences was found in cocaine-dependent subjects that
received placebo. This association was blunted in cocaine-dependent subjects that received
intranasal oxytocin. A previous study found no effect of intranasal oxytocin on cortisol
levels in response to the TSST in a group of marijuana-dependent subjects (McRae-Clark et
al., 2013). Childhood maltreatment was not assessed in the study of McRae-Clark and
colleagues, and therefore it remains unclear if the present findings are consistent across
other substances of abuse. Cortisol reactivity in response to stress tasks has been shown to
predict relapse in cocaine-dependent subjects (Back et al., 2010; Sinha et al., 2006). Thus,
the present findings suggest that intranasal oxytocin may be beneficial in reducing risk for
relapse among cocaine-dependent individuals with a history of childhood maltreatment.
Others have found that the ability to regulate emotions plays a similar moderating role in
HPA responses to social stress (Allwood et al., 2011; Daubenmier et al., 2014)

There was no effect of the TSST on DHEA levels in the placebo group. In contrast to the
cortisol findings there was no modifying effect of ACE scores on DHEA levels in response
to the TSST. Both cortisol and DHEA are released from the adrenal glands in response to
adrenocorticotropic hormone (ACTH) and the TSST increases DHEA levels in marijuana-
dependent subjects and intranasal oxytocin appears to attenuate DHEA levels in these
individuals (McRae-Clark et al., 2013). Thus, we had anticipated to find a significant
increase in DHEA following the TSST and that the increase would be attenuated in the
group that received intranasal oxytocin. However, data from a previous study demonstrates
that there is significant individual variability in the DHEA response to social stress
(Lennartsson et al., 2012). In addition, drug abstinence from six to 18 days can affect DHEA
levels in cocaine-dependent subjects (Buydens-Branchey et al., 2002). Therefore it is
possible that variability in duration of abstinence precluded us from finding a significant
effect of the TSST on DHEA reactivity. While previous studies have demonstrated that
intranasal oxytocin dosing and the endogenous oxytocin system are associated with both
social behaviors and stress reactivity in the HPA axis, no previous studies have examined
the effects of intranasal oxytocin’s effects on social stress reactivity in the presence of
multiple vulnerabilities such as substance dependence and ACE. Substance dependence and
ACE commonly co-occur (Mersky et al., 2013). Because the literature examining the
potential for intranasal oxytocin to mitigate various substance use behaviors is growing
rapidly (McGregor and Bowen, 2012), there remains a great need for research to identify
factors such as ACE that may influence intranasal oxytocin’s clinical applications among
substance-dependent populations. Although our study is exploratory, our findings contribute
to the scarce literature identifying subpopulations of individuals, namely, those with co-
occurring ACE and substance dependence, who may benefit from intranasal oxytocin. Our
findings also support the emerging hypothesis that intranasal oxytocin may have more
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beneficial effects among individuals with existing, or multiple, vulnerabilities. Perhaps our
findings, in combination with those from previous studies (Bartz et al., 2010; Cardoso et al.,
2012), indicate that intranasal oxytocin is less likely to influence already adaptive stress
responses, whereas individuals with more challenging interpersonal histories who are more
prone to maladaptive social stress reactivity are more likely to reap intranasal oxytocin’s
benefits.

While this study utilized a rigorous double-blind, placebo-controlled design, the experiment
was exploratory and conducted in a small sample of cocaine-dependent individuals. A
previous study found that intranasal oxytocin attenuated the normal diurnal reduction in
basal levels of cortisol in healthy controls with a history of childhood adversity
(Meinlschmidt and Heim, 2007). The present study did not include groups of healthy
controls or a “no-stress” condition so it is unclear if the present findings demonstrate altered
sensitivity of the HPA axis to intranasal oxytocin in cocaine-dependent subjects with a
history of childhood adversity. Future research should aim to replicate our findings in larger
samples of substance-dependent men and women. Findings may have also been influenced
by the distribution of ACE scores in our sample. Among the 31 participants retained in our
sample, none in the placebo group reported ACE scores greater than three, and none
reported ACE scores greater than five. Thus, the generalizability of our findings may be
limited. Future studies would also benefit from employing an additional, more thorough
measure of childhood trauma and/or posttraumatic stress symptoms to assess the extent to
which ACE are associated with current subjective distress and symptomatology. The
internal consistency of the ACE scale fell slightly below the traditional cutoff in this sample,
which may indicate the need for more sophisticated measures of childhood adversity and
trauma to be utilized in future studies. Chronic powder cocaine use may also influence
rhinoanatomy and intranasal oxytocin absorption, which may influence the results presented
here (Guastella et al., 2013). It is important for future studies to drug use and route of
administration. Finally, our procedures required participants to be acutely abstinent from
drug use to mitigate the potential for drug interaction and the potential confound of
intoxication on study findings. However, we acknowledge that days abstinent can influence
DHEA levels, which may have influenced the findings presented here.

4.1 Conclusions

Our findings contribute to the existing literature by demonstrating the modifying effects of
ACE on the association between intranasal oxytocin and neuroendocrine stress reactivity in
a sample of cocaine-dependent individuals. While preliminary, these findings suggest a need
to examine further the nuances of intranasal oxytocin’s efficacy and therapeutic potential in
substance-dependent populations.
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Figure 1.

Cortisol and DHEA response to administration of oxytocin/placebo and the TSST. Data are
shown as natural logarithm transformed means and associated standard errors.
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Figure 2.

Linear correlation between ACE scores and neuroendocrine levels by oxytocin treatment
group. Data are shown at neuroendocrine marker taken immediately following TSST and

correlations are rank order correlations with

associated p-values. Cortisol: Intranasal

oxytocin p=—0.18 (p=0.515), Placebo p=0.60 (p=0.015); DHEA: Intranasal oxytocin p=

-0.10 (p=0.719), Placebo p=0.32 (p=0.233).
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Table 1

Baseline Demographic and Clinical Characteristics

Treatment Assignment

Overall

Characteristics = P Value
n=31 Placebo Oxytocin
n=16 n=15
Demographics
Age (yrs) 426+92 437+76 414+107 0652
Male % (n) 839(26)  937(15)  73.3(11) 0.172
Caucasian % (n) 16.1 (5) 18.8 (3) 13.3(2) 0.999
Smoke Cigs % (n) 71.0(22)  688(11)  73.3(11) 0.999
ACE Score 168+142 163+115 173x171 0.887
Clinical Measures
DHEA (ng/ml) 233+114 213+0.70 257+1.48 0.789
Cortisol (ng/ml) 0.20+0.14 0.17+0.08 0.23+0.18 0.494
Use Characteristics
Currently Enrolled in Tx 3.2(1) 6.3 (1) 0.0 (0) --
Past Enrolled in Tx 38.7 (12) 37.5(6) 40.0 (6) 0.886
Age at First Use 247+6.8 247+58 24.7+8.0 0.638
Age at Dependence 29.2+8.7 28675 29.7+10.0 0.984
Total Years of Use 16.1+81 161+7.6 16.1+89 0.969
Using Days per Month 16.2+6.5 170+74 153+5.3 0.782
Days abstinent 10.6 £12.0 11.8+153 95+8.0 0.592
$ per Using Day 75.6+53.7 87.2+681 63.2+30.0 0.468

Note. Standard descriptive statistics were used to summarize the general demographic and clinical data. Cortisol and DHEA means and standard
deviations are untransformed scores. Group differences in continuous characteristics were assessed using a Wilcoxon Rank-Sum test and
differences in categorical characteristics were assessed using normal (Pearson’s) chi-square tests (Fisher’s Exact test used when appropriate).
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