Psychoneuroendocrinology (2015) 52, 281—-288

Available online at www.sciencedirect.com

ScienceDirect

Psychoneuroendocrinology

_/"\(

journal homepage: www.elsevier.com/locate/psyneuen

Opioid partial agonist buprenorphine Q) s
dampens responses to psychosocial
stress in humans

Anya K. Bershad?, Jerome H. Jaffe”, Emma Childs?,
Harriet de Wit®*

a Department of Psychiatry and Behavioral Neuroscience, University of Chicago, Chicago, IL, USA
b University of Maryland, School of Medicine, Baltimore, MD, USA

Received 17 October 2014; received in revised form 30 November 2014; accepted 1 December 2014

KEYWORDS Summary Pre-clinical and clinical evidence indicates that opioid drugs have stress-dampening
Opioid; effects. In animal models, opioid analgesics attenuate responses to isolation distress, and in
TSST; humans, opioids reduce stress related to anticipation of physical pain. The stress-reducing
Stress; effects of opioid drugs may contribute to their abuse potential. Despite this evidence in lab-
Cortisol; oratory animals, the effects of opioids on responses to psychosocial stress have not been
Buprenorphine determined in humans. Here we examined the effects of buprenorphine, a -opioid partial

agonist used to treat opioid dependence and pain, on subjective and physiological responses to
a stressful public speaking task in healthy adults. We hypothesized that buprenorphine would
reduce subjective and physiological stress responses. Healthy adult volunteers (N=48) were
randomly assigned to receive placebo, 0.2 mg sublingual buprenorphine, or 0.4 mg sublingual
buprenorphine in a two-session study with a stressful speaking task (Trier Social Stress Test;
TSST) and a non-stressful control task. During the sessions, the participants reported on their
mood states, provided subjective appraisals of the task, and measures of salivary cortisol, heart
rate, and blood pressure at regular intervals. Stress produced its expected effects, increasing
heart rate, blood pressure, salivary cortisol, and subjective ratings of anxiety and negative
mood. In line with our hypothesis, both doses of buprenorphine significantly dampened salivary
cortisol responses to stress. On self-report ratings, buprenorphine reduced how threatening
participants found the tasks. These results suggest that enhanced opioid signaling dampens
responses to social stress in humans, as it does in laboratory animals. This stress-dampening
effect of buprenorphine may contribute to the non-medical use of opioid drugs.
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1. Introduction

In addition to their well-known actions as analgesics, opi-
oid drugs have stress-dampening effects. Early studies in
humans showed that opioids reduce responses to the antic-
ipation of pain, also known as anticipation stress (Hill
et al., 1952, 1955) and even before the discovery of opi-
oid receptors, they were known to act centrally to reduce
the release of adrenocorticotrophic hormone (ACTH) and
cortisol (Eisenman et al., 1958, 1961). In animals, opioid
analgesics also diminish responses to social stress. For exam-
ple, n-opioid agonists dampen behavioral and physiological
responses to isolation stress, such as distress vocalizations
and hypothalamic—pituitary—adrenal (HPA) axis reactivity
in guinea pigs, rhesus macaques, puppies, and rat pups
(Herman and Panksepp, 1978; Panksepp et al., 1978; Kalin
et al., 1988; Stein et al., 2007; Wilson and Junor, 2008).
Conversely, antagonists at the p-opioid receptor increase
behavioral measures of separation distress (Panksepp et al.,
1978). Despite this pre-clinical and clinical evidence, the
effect of a p-opioid agonist on responses to psychosocial
stress has not yet been tested in healthy humans.

The endogenous opioid system is involved in the neuroen-
docrine response to stress. Stress activates the sympathetic
nervous system and HPA axis. The former results in an
increase in heart rate and blood pressure. The latter is acti-
vated as the hypothalamus releases corticotrophic releasing
hormone (CRH), which stimulates the production of ACTH
from the anterior pituitary, leading to the release of cortisol
from the adrenal glands. The endogenous opioid endorphin
shares a common precursor with ACTH, and when corti-
sol release is stimulated, endorphins are also produced
(Guillemin et al., 1977; Bodnar, 2013). Thus, the opioid sys-
tem and the HPA axis are physiologically intertwined.

Several other lines of evidence implicate endogenous
opioids in the response to stress. Although opioid recep-
tors are distributed widely throughout the brain in regions
involved in motor, somatosensory, and limbic processing
(Mansour et al., 1995; Simonin et al., 1995; Peckys and
Landwehrmeyer, 1999), they are densely expressed in
regions of the brain involved in the stress response including
the bed nucleus of the stria terminalis, central amyg-
dala, and paraventricular nucleus of the hypothalamus
(Mansour et al., 1995; Simonin et al., 1995; Peckys and
Landwehrmeyer, 1999). In laboratory animals, exposure to
stress leads to the up-regulation of 8- and -opioid receptor
expression in some of these areas, such as the hypothal-
amus (Drolet et al., 2001; Yamamoto et al., 2003), and
mice lacking the w-opioid receptor gene (OPRM1) exhibit
reduced cortisol responses to stress (lde et al., 2010;
Komatsu et al., 2011). Further, w.-opioid agonists reduce iso-
lation distress vocalizations (Herman and Panksepp, 1978;
Stein et al., 2007), responses to predator odors (Wilson
and Junor, 2008), anxiety-like behavior in the elevated plus
maze (Kahveci et al., 2006), and fear acquisition (Good and
Westbrook, 1995). In humans, polymorphisms in the p.-opioid
receptor gene (OPRMT) predict cortisol responses to social
stress (Chong et al., 2005). In heroin-dependent individuals,
administration of heroin reduces amygdala response to fear-
ful faces (Schmidt et al., 2013) and lowers cortisol levels
(Kreek and Hartman, 1982). Finally, one study conducted

with healthy, non-dependent human volunteers showed that
buprenorphine reduces the ability to recognize fearful facial
expressions, consistent with its possible role in reducing
social stress (Ipser et al., 2013). Thus, there is accumulat-
ing evidence that opioid drugs reduce reactivity to stressful
stimuli, and it has been suggested that the anxiolytic or
stress-dampening effects of buprenorphine may contribute
to its efficacy in treating opioid addiction, independently
of its role as a replacement therapy (Kosten et al., 1990;
Maremmani et al., 2006).

No previous studies have examined the effect of an opi-
oid agonist on responses to an acute psychosocial stressor in
healthy, non-dependent individuals. Here we assessed the
effect of relatively low doses of buprenorphine on physio-
logical and subjective responses to a stressful speaking task
in healthy human volunteers. We hypothesized, based on its
action as a partial p-opioid agonist and k-antagonist, that
buprenorphine would dampen the effects of social stress.

2. Materials and methods

2.1. Study design

This study used a mixed within- (stress vs. no-stress) and
between-subjects (0, 0.2 mg, 0.4 mg buprenorphine) design.
Healthy adult volunteers were randomly assigned to receive
placebo, 0.2 mg buprenorphine, or 0.4mg buprenorphine,
under double-blind conditions, on each of two sessions; a
stress and a non-stressful control session. The 4.5-h labo-
ratory sessions were conducted 7 days apart. 90 min after
ingesting the drug, volunteers participated in a stressful
public speaking task or a non-stressful control task, in ran-
domized, counterbalanced order. Responses to the drug
and the stress were assessed at regular intervals, including
mood, subjective drug effects, salivary cortisol, and heart
rate and blood pressure. The primary outcome measures
were self-reported anxiety and cortisol levels.

2.2. Participants

Healthy adult participants (N =48, 16 female) were recruited
through flyers around the University of Chicago campus and
surrounding community and online advertisements. Prior
to the study, participants underwent a screening session
including a physical examination, electrocardiogram, self-
reported drug use history, and modified structural clinical
interview for the DSM-1V (SCID; First et al., 2012). Inclusion
criteria were: fluency in English, BMI between 19 and 30,
no regular medications, no past year history of a DSM IV
axis | disorder, and no history of opiate abuse. Women were
tested during the follicular stage of their menstrual cycle
(days 2—14) to control for effects of hormonal fluctuations
on stress responses (Kirschbaum et al., 1999).

2.3. Drug

Participants were randomly assigned to receive 0.2 mg or
0.4 mg of sublingual (sl) buprenorphine (Temgesic®, Reckitt
Benckiser Pharmaceuticals) or placebo (Splenda® sucralose
tablet). Buprenorphine is a p-opioid partial agonist and
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k-opioid antagonist that is used to treat moderate to severe
pain and opioid dependence. Peak plasma concentrations
occur 90—360 min after ingestion (Mendelson et al., 1997).

2.4. Procedure

Volunteers first attended a 1-h orientation session during
which they provided informed consent and were familiarized
with the study procedure. They were told that they might
receive placebo, a sedative, a stimulant, a marijuana-like
substance, an opioid antagonist, or an opioid analgesic dur-
ing the two study sessions. Participants were asked to refrain
from alcohol and recreational drug use for 48 h before each
session, and compliance was verified using breath alcohol
(Alcosensor lll, Intoximeters, St. Louis, MO) and urine tests
(ToxCup, Branan Medical, Irvine, CA) at the start of each
session. All procedures were approved by the University of
Chicago Institutional Review Board and were carried out in
accordance with the Declaration of Helsinki.

Participants attended two study sessions (stress and no-
stress) conducted from 1200h to 1600h, 7 days apart.
Upon arrival in the laboratory they provided breath and
urine samples to rule out recent drug use or preg-
nancy, and then completed baseline mood and drug effect
questionnaires. At 1230h, participants consumed a tablet
of 0.2mgsl buprenorphine, 0.4mgsl buprenorphine, or
placebo (a matching sucralose tablet). Subjects were ran-
domly assigned to one of the drug conditions, and received
the same tablets on both sessions. During the next hour, they
were allowed to relax, read, or watch a movie. An hour and
30 min after drug administration, they were given instruc-
tions for the Trier Social Stress Test (TSST; Kirschbaum et al.,
1993) or no-stress task. The TSST is a widely implemented
procedure for inducing psychosocial stress in a laboratory
setting (Kudielka et al., 2007). During the TSST, partici-
pants were given 10 min to prepare and then gave a 5-min
speech for a mock job interview, in front of two interviewers
and a video camera. They also performed 5min of mental
arithmetic. During the non-stressful control session, partic-
ipants were given 10 min to think about their favorite book
or movie, then spoke about it with a research assistant for
5min, and then played a 5-min game of solitaire. Imme-
diately before and after the tasks, participants completed
a pre- and post-task appraisal questionnaire, assessing how
threatening and challenging they found the task, in addi-
tion to how satisfied they were with their performance.
At baseline (15min before drug administration), 60, 120,
150, 180, and 210 min after drug administration, partici-
pants answered drug effect and mood questionnaires, and
had their heart rate and blood pressure measured. Salivary
cortisol samples were collected at baseline, 60 min after
drug administration, and 10, 20, and 60 min after the stress
or control task.

2.5. Measures

2.5.1. Mood and subjective effects of drug and stress

Participants completed the Profile of Mood States (POMS;
McNair et al., 1971) questionnaire at 6 points through-
out the session. This questionnaire consists of 72
adjectives, comprising eight subscales; Tension—Anxiety,

Depression—Dejection, Anger—Hostility, Vigor, Fatigue, Con-
fusion, Friendliness, Elation. Participants also completed
the drug effects questionnaire (DEQ; Fischman and Foltin,
1991), which is comprised of five visual analog scales (VAS)
from 0 to 100 on which participants indicate how much they
like, feel, dislike and want more of the drug, as well as how
high’ they feel. A VAS assessing nausea was also included
with this questionnaire. These questionnaires were com-
pleted at baseline (15 min before drug administration) and at
60, 120, 150, 180, and 210 min after tablet administration.
Immediately before performing the verbal tasks, partici-
pants completed the Primary Appraisal Secondary Appraisal
rating scale (Gaab et al., 2005) to rate their perception
of the tasks before completing them. Immediately after
the verbal tasks, participants completed VAS ratings of how
stressful and challenging they found task, in addition to how
satisfied they were with their performance.

2.5.2. Physiological measures

Heart rate was measured continuously using a Polar® S610
monitor (Polar Electro Inc., Lake Success, NY) and blood
pressure was measured using a portable monitor (Critikon
Dinamap Plus Vital Signs Monitor, GE Healthcare Tech-
nologies, Waukesha, WI) before and 60min after drug
administration, and at 10, 20 and 60 min after the tasks.
Saliva samples were collected using Salivette® cotton wads
(Sarstedt Inc., Newton, NC). Samples were analyzed by
the Core Laboratory at the University of Chicago Hospitals
General Clinical Research Center for levels of cortisol (Sali-
metrics LLC, State College, PA, sensitivity =0.003 ng/dL).

2.5.3. Task performance

During the TSST, the number of pauses during the speech
was recorded, in addition to the number of mistakes made
in the arithmetic task.

2.6. Statistical analyses

Analyses were conducted using SPSS version 16.0 for Win-
dows. Missing cases (due to equipment malfunction or other
data collection problems) were deleted list wise, which
led to smaller sample sizes for some analyses. To ver-
ify that the three groups were matched, we compared
demographic information and baseline measures between
the groups using a one-way analysis of variance (ANOVA).
To assess the effects of buprenorphine on cardiovascular,
hormonal, and subjective measures before the tasks, we
compared the change from baseline to measures taken
before the task instructions, averaging across the stress
and control sessions for each subject. To do this, we
used a one-way ANOVA and Dunnett’s test for post hoc
multiple comparisons. Drug effects during the no-stress
control session provided another measure of the direct
effect of the drug, and these were analyzed using two-
factor ANOVA for repeated measures, with time as the
within-subjects factor and treatment group as the between-
subjects factor. Responses to stress were analyzed using
repeated measures ANOVAs, with task (TSST vs. control)
and time as within-subjects factors, and treatment group
as between-subjects factors. Significant interactions were
further investigated by two-way (Group x Task) ANOVA and
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one-way (Group) ANOVA at each time point during stress.
In addition, AUC values were calculated and compared
using two-factor (Task x Group) repeated measures ANOVA
and post hoc Dunnett’s tests to correct for multiple com-
parisons. Repeated-measures ANOVAs were performed with
Greenhouse—Geisser correction where violations of spheric-
ity were observed. Differences were considered to be
significant if p <0.05.

3. Results

3.1. Demographics and baseline differences

Participants were mostly Caucasian (79%) and in their 20s
(23.4 years of age +3.6). The groups did not differ on demo-
graphic characteristics, trait anxiety as measured by the
State-Trait Anxiety Inventory (STAI; Spielberger, 1970), or
drug use history, or on baseline measures of mood (POMS),
heart rate, blood pressure, or salivary cortisol (Table 1).

3.2. Drug effects

In the analysis of the pre-task (post-dosing) measure from
both sessions, neither dose of buprenorphine altered blood
pressure, heart rate, or cortisol levels. Buprenorphine
began to increase ratings of ‘‘feel drug’’ and ‘‘feel high’’
before the task, and these effects reached statistical sig-
nificance later in the session. During the non-stressful
control session, buprenorphine (relative to placebo) signifi-
cantly increased ratings of “‘feel drug’’ [Group F(2,45)=7.3,
p<0.01, np?=0.27; 0 vs. 0.4mg, p<0.001, O vs. 0.2mg
p<0.05, peak at 120min] and ‘‘dislike effect’’ [Group
F(2,45)=6.0, p<0.01, np®=0.24; 0 vs. 0.4mg, p<0.01,
0 vs. 0.2mg, p<0.05, peak at 150 min]. Only the higher
dose significantly increased ratings of ‘‘feel high’’ [Group
F(2,45)=5.5, p<0.01, np?=0.22; 0 vs. 0.4mg, p<0.01,
peak at 120 min] and nausea [Group F(2,45)=9.2, p<0.001,
np?=0.29; 0 vs. 0.4mg, p<0.001, peak at 150 min]. The
lower dose did not significantly increase ratings of ‘‘feel
high’’.

3.3. Subjective effects of the stress task

Effects of stress. Stress was expected to increase anxi-
ety and negative mood, and it produced these anticipated
subjective effects. In all groups, it increased POMS
anxiety [Task F(1,44)=8.5, p<0.01, np?*=0.17], anger
[Task F(1,44)=16.4, p<0.001, np?=0.28], depression [Task
F(1,44)=5.9, p<0.05, np?=0.12], and confusion [Task
F(1,44)=5.1, p<0.05, np?=0.10]. On the pre-task appraisal
questionnaire participants rated the TSST as significantly
more threatening [Task F(2,45)=16.3, p<0.001, np*=0.51]
and challenging [Task F(2,45)=31.2, p<0.001, 5p?=0.41]
than the control task, and they were less confident in their
ability to perform the task [self efficacy; Task F(2,45) =5.14,
p<0.01, np?=0.27]. On the post-task questionnaire, par-
ticipants were less satisfied with their performance on the
task [Task F(2,45)=21.2, p<0.001, np?=0.32] on the stress
session, compared to the no-stress condition.
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Figure 1  The effect of buprenorphine on subjective responses
to stress as measured by (a) POMS anxiety, (b) threat appraisal,
and (c) performance satisfaction. Shaded area indicates the
time during which the TSST took place. Bars depict mean + SEM.
Asterisks indicate significant difference, p<0.05.

Effects of buprenorphine. Buprenorphine did not affect
ratings of anxiety after stress (Fig. 1a). However, on
the pre-task appraisal questionnaire, buprenorphine dose-
dependently decreased ratings of how threatening subjects
expected the tasks to be (both control and stress tasks)
[Group F(2,45)=3.7, p<0.05, 5p?>=0.14] (Fig. 1b). On
the post-task appraisal, both doses increased partici-
pants’ reports of their satisfaction with their performance
on the stress task immediately after the task, and
this was marginally significant (Fig. 1b; Task*Group
F(2,45)=3.85, p<0.055, np*=0.17). The drug did not sig-
nificantly affect performance on the task, as assessed
by total number correct and number of restarts on
the arithmetic task and number of pauses during the
speech (Group F(2,47)=1.10, p=0.35, np*=0.05; Group
F(2,47)=0.04, p=0.96, np*=0.002; Group F(2,47)=0.89,
p=0.42, np?=0.04).
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Table 1 Demographic and baseline characteristics of participants in each drug group.
0mg 0.2mg 0.4mg

N (male/female) 18 (12/6) 15 (9/6) 15 (11/4)
Race N (%)

European American 72 86 79

African American 6 7 14

Asian American 22 7 7
Age (years) 22.8+3.6 23.1+3.2 24.4+4.0
BMI (kg/m?) 22.6+1.8 22.2+2.1 22.9+2.6
Education (years) 15.4+1.3 14.9+1.5 15.1+1.3
Current drug use

Caffeine (servings/day) 0.8+1.3 0.9+1.6 0.7+1.4

Alcohol (drinks/week) 5.2+5.9 3.9+2.6 6.8+4.6

Lifetime opioid use (mean number of times used) 1.4+2.3 2.6+£3.9 4.1+£5.6
State Trait Anxiety Inventory (STAI) 31.5+7.5 35.2+9.7 32.3+5.8
POMS anxiety 3.7+2.1 4.6+3.1 3.3+£2.0
Systolic blood pressure (mmHg) 114.4+9.5 114.1£13.1 114.5+9.5
Heart rate (bpm) 70.6+10.8 73.4+11.8 68.4+10.0
Cortisol (pl/dL) 0.24+0.13 0.20+0.10 0.18+0.10

3.4. Physiological effects of the stress task

Effects of stress. As expected, the TSST significantly
increased systolic blood pressure [Task F(1,44)=19.2,
p<0.001, 5p*=0.30], diastolic blood pressure [Task
F(1,44)=9.2, p<0.01, np*=0.17] and heart rate [Task
F(1,35)=18.8, p<0.001, 5p*=0.40] in each of the three
treatment groups, compared to the control task.

Effects of buprenorphine. Both doses of buprenorphine
completely blocked the increase in salivary cortisol seen
after the TSST in the placebo group [Fig. 2; Task x Group
F(2,44)=3.3, p<0.05, np?=0.15]. Buprenorphine did not
affect blood pressure or heart rate increases in response
to stress.

4. Discussion

In this study, we assessed the effects of buprenorphine,
a w-opioid partial agonist, on physiological and subjective
responses to a stressful speaking task in healthy human vol-
unteers. In accordance with our hypothesis, we found that
both doses of buprenorphine attenuated cortisol responses
to the task and some measures of emotional stress (i.e.,
pre-task perceptions of threat and post-task ratings of sat-
isfaction with their performance). This is the first study to
show that an opioid drug reduces responses to acute psy-
chosocial stress in a healthy human population, extending
findings with laboratory animals and clinical populations
showing that the opioid system is involved in mediating
responses to stress.

The main result of this study is that even at low doses,
buprenorphine blunts cortisol responses to stress. Over the
last decade, use of prescription opioids has dramatically
increased, particularly among adolescents and young adults
(Compton and Volkow, 2006). One major theory explain-
ing addiction is the self-medication hypothesis, according
to which individuals are drawn to consume particular types
of drugs, including opioids, to relieve the discomfort of

deficits in their social environment, low self esteem, or neg-
ative mood states (Schuman-Olivier et al., 2010). Thus, one
reason for the increased non-medical use of opioids espe-
cially among adolescents, may be their propensity to reduce
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Figure 2 The effect of buprenorphine on cortisol responses

to stress depicted (a) across the TSST session and (b) as the
area under the curve (AUC) of the TSST as compared to the
control session. Shaded area indicates the time during which
the TSST took place. Bars depict mean + SEM. Asterisks indicate
a significant difference, p<0.001.
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the adverse consequences of social instability and increased
social stress. The present results support this idea that opi-
oid drugs may relieve some of the discomfort of social stress.

The effects of buprenorphine on subjective responses
to stress were mixed. Although the drug did not reduce
momentary ratings of anxiety, either alone or after stress,
both doses of buprenorphine decreased subjects’ anticipa-
tory evaluations of how stressful they expected the task to
be, and after the task it increased the ratings of how sat-
isfied they were with their performance on the task. Thus,
the drug specifically dampened subjects’ evaluations of the
stress task. It is not clear why the evaluations were affected
while momentary ratings of anxiety were not. It is possi-
ble that participants’ direct evaluations of the task are a
more precise or sensitive index of the anxiolytic effect than
assessment of fluctuations in current mood states. Another
potential interpretation of this result is that participants in
the 0.4 mg group experienced increased anxiety due to sub-
jective drug effects. While we did not observe any significant
drug effects on other scales of the POMS, participants who
received a higher dose of the drug reported increases in nau-
sea and ratings of ‘‘feel drug’’, which may have contributed
to reports of anxiety, and obscured any effects of the drug
on anxiety related to the task.

The observed stress-blunting effect of buprenorphine is
most likely related to its actions at w-opioid receptors, but
there is the possibility that some component may also be
due to its secondary effect as an antagonist at the k-opioid
receptor (Leander, 1987). In rodents, exogenously admin-
istered p.-opioid agonists reduce behavioral manifestations
of anxiety in response to stress (Herman and Panksepp,
1978; Kahveci et al., 2006; Stein et al., 2007; Wilson and
Junor, 2008), but antagonism at the k receptor has similar
anxiolytic effects; mice lacking the k receptor and those
pretreated with a k receptor antagonist fail to develop con-
ditioned place aversion in the context of repeated physical
stressors, such as foot shocks (Land et al., 2008). Further,
the effects of pharmacological activation of the HPA axis on
conditioned place aversion can be blocked by an administra-
tion of a k-antagonist (Land et al., 2008). The k receptor has
also been shown to mediate responses to social stressors,
and the administration of a k-antagonist reduces behav-
ioral responses to social defeat stress in rodents (McLaughlin
et al., 2005; Funk et al., 2014). It may be that the combined
actions of buprenorphine at the k receptor and . receptor
contribute to the stress-blunting effects of low doses we
observed in this study.

Our study has several limitations. First, the sample was
small, which made it difficult to study individual differences,
including sex differences, in the stress-blunting effects of
buprenorphine. An understanding of such individual differ-
ences may help to guide practice to target at-risk patients.
Second, we tested only two doses of the drug. Although
the doses we used were the lowest commercially available
doses, it is possible that stress-dampening effects might
be detected at even lower doses. Finally, the participants
were limited to healthy young adults, and it is not known
whether an opioid drug would effectively reduce responses
to stress in clinical populations of either anxious individuals
or drug-users. Finally, we used a drug with actions at two
opioid receptor subtypes, and so it is difficult to attribute
our findings to either w or k receptor types. This will be

resolved in future studies with more specific pharmacologi-
cal agents.

One important alternative interpretation of our results is
that the effects of buprenorphine on stress may be medi-
ated by its effects on reward, or feelings of euphoria.
This is unlikely given the observation that the stress-
blunting effects occurred even at the 0.2mg dose, which
did not produce significant ratings of ‘‘feel high’’. Another
interpretation might be that the observed effects were sec-
ondary to more general sedation, but neither dose affected
subjects’ performance on the task, suggesting that the
stress-dampening effects were relatively specific. Buprenor-
phine is currently used sublingually in opioid replacement
therapy at doses ten to forty times those used in this study
(4—16 mgsl). Here we showed that a relatively low dose
(0.2mgsl) of buprenorphine, one that does not produce
euphoria, substantially reduces cortisol responses to stress.
Interestingly, this stress-dampening effect may also be valu-
able during treatment for opioid users, to prevent relapse.
Stress is a known precipitant of relapse in opioid addicts
(Sinha, 2001; Lijffijt et al., 2014; Spanagel et al., 2014),
and dysregulation of the HPA axis is a hallmark of opioid
withdrawal (Zhang et al., 2008). While buprenorphine is
used clinically at higher doses in opioid replacement ther-
apy, our results suggest that even at low doses, the drug has
stress-blunting effects that may contribute to its efficacy in
preventing relapse in vulnerable populations.

Our findings are in line with a body of pre-clinical evi-
dence implicating the opioid system in stress responses,
and suggesting that opioid agonists reduce stress responses.
Other questions for future investigation include the pharma-
cological mechanism through which buprenorphine exerts
its stress-blunting effects, and whether this effect is spe-
cific to the type of stressor individuals experience; the
TSST differs from physiological stressors, for example,
such as hunger, sleep-deprivation, or pain. It will also be
important to investigate how the drug acts on stress in
clinical populations, such as those in recovery from depen-
dence.

Role of the funding source

The study drug was supplied by Reckitt Benckiser Pharma-
ceuticals Inc. (RBP) as an unrestricted, unsolicited grant of
non-financial support. RBP had no role in study design; col-
lection or analysis and interpretation of the data; in the
writing of the manuscript; or in the decision to submit the
manuscript for publication, but did review the report for
scientific accuracy. The University of Chicago Institute for
Translational Medicine Core Subsidy Grant (UL1TR000430)
funded analysis of the cortisol samples. This research is also
supported by a grant from the National Institute on Drug
Abuse (DA02812) and National Institute of General Medical
Sciences (2T32GM007281).

Conflict of interest statement

None declared.



Buprenorphine and psychosocial stress

287

Acknowledgements

We thank Les Sidney, Adina Bianchi, Jessica DeArcangelis,
Keerthana Kumar, and Megan Lau for technical assistance,
and Dr. Royce Lee for medical support. We are also grateful
to our participants.

References

Bodnar, R.J., 2013. Endogenous opiates and behavior: 2012. Pep-
tides 50, 55—95.

Chong, R.Y., Oswald, L., Yang, X., Uhart, M., Lin, P.-l., Wand, G.S.,
2005. The mu-opioid receptor polymorphism A118G predicts
cortisol responses to naloxone and stress. Neuropsychopharma-
cology 31, 204—-211.

Compton, W.M., Volkow, N.D., 2006. Major increases in opioid anal-
gesic abuse in the United States: concerns and strategies. Drug
Alcohol Depend. 81, 103—107.

Drolet, G., Dumont, A.C., Gosselin, I., Kinkead, R., Laforest, S.,
Trottier, J.-F., 2001. Role of endogenous opioid system in the
regulation of the stress response. Prog. Neuro-Psychopharmacol.
Biol. Psychiatry 25, 729—741.

Eisenman, A.J., Fraser, H., Brooks, J.W., 1961. Urinary excre-
tion and plasma levels of 17-hydroxycorticosteroids during a
cycle of addiction to morphine. J. Pharmacol. Exp. Ther. 132,
226—231.

Eisenman, A.J., Fraser, H., Sloan, J., Isbell, H., 1958. Urinary 17-
ketosteroid excretion during a cycle of addiction to morphine.
J. Pharmacol. Exp. Ther. 124, 305—311.

First, M.B., Spitzer, R.L., Gibbon, M., Williams, J.B., 2012. Struc-
tured Clinical Interview for DSM-IV® Axis | Disorders (SCID-1),
Clinician Version, Administration Booklet. American Psychiatric
Pub.

Fischman, M.W., Foltin, R.W., 1991. Utility of subjective effects
measurements in assessing abuse liability of drugs in humans.
Br. J. Addict. 86, 1563—1570.

Funk, D., Coen, K., L&, A., 2014. The role of kappa opioid receptors
in stress-induced reinstatement of alcohol seeking in rats. Brain
Behav. 4, 356—367.

Gaab, J., Rohleder, N., Nater, U., Ehlert, U., 2005. Psychologi-
cal determinants of the cortisol stress response: the role of
anticipatory cognitive appraisal. Psychoneuroendocrinology 30,
599—-610.

Good, A.J., Westbrook, R., 1995. Effects of a microinjection of mor-
phine into the amygdala on the acquisition and expression of
conditioned fear and hypoalgesia in rats. Behav. Neurosci. 109,
631.

Guillemin, R., Vargo, T., Rossier, J., Minick, S., Ling, N., Rivier,
C., Vale, W., Bloom, F., 1977. Beta-endorphin and adrenocor-
ticotropin are selected concomitantly by the pituitary gland.
Science 197, 1367—1369.

Herman, B.H., Panksepp, J., 1978. Effects of morphine and nalox-
one on separation distress and approach attachment: evidence
for opiate mediation of social affect. Pharmacol. Biochem.
Behav. 9, 213—-220.

Hill, H.E., Belleville, R.E., Wikler, A., 1955. Studies on anx-
iety associated with anticipation of pain: Il. Comparative
effects of pentobarbital and morphine. AMA Arch. Neurol. 73,
602—608.

Hill, H.E., Kornetsky, C.H., Flanary, H.G., Wikler, A., 1952. Stud-
ies on anxiety associated with anticipation of pain: I. Effects of
morphine. AMA Arch. Neurol. 67, 612—619.

Ide, S., Sora, I., lkeda, K., Minami, M., Uhl, G.R., Ishihara, K.,
2010. Reduced emotional and corticosterone responses to stress
in p-opioid receptor knockout mice. Neuropharmacology 58,
241-247.

Ipser, J.C., Terburg, D., Syal, S., Phillips, N., Solms, M., Panksepp,
J., Malcolm-Smith, S., Thomas, K., tein, D.J., van Honk,
J., 2013. Reduced fear-recognition sensitivity following acute
buprenorphine administration in healthy volunteers. Psychoneu-
roendocrinology 38, 166—170.

Kahveci, N., Gulec, G., Ozluk, K., 2006. Effects of intracerebroven-
tricularly injected morphine on anxiety, memory retrieval and
locomotor activity in rats: involvement of vasopressinergic sys-
tem and nitric oxide pathway. Pharmacol. Biochem. Behav. 85,
859—867.

Kalin, N.H., Shelton, S.E., Barksdale, C.M., 1988. Opiate modula-
tion of separation-induced distress in non-human primates. Brain
Res. 440, 285—-292.

Kirschbaum, C., Kudielka, B.M., Gaab, J., Schommer, N.C.,
Hellhammer, D.H., 1999. Impact of gender, menstrual cycle
phase, and oral contraceptives on the activity of the
hypothalamus—pituitary—adrenal axis. Psychosom. Med. 61,
154—162.

Kirschbaum, C., Pirke, K.-M., Hellhammer, D.H., 1993. The ‘Trier
Social Stress Test’ — a tool for investigating psychobiological
stress responses in a laboratory setting. Neuropsychobiology 28,
76—81.

Komatsu, H., Ohara, A., Sasaki, K., Abe, H., Hattori, H., Hall,
F.S., Uhl, G.R., Sora, I., 2011. Decreased response to social
defeat stress in mu-opioid receptor knockout mice. Pharmacol.
Biochem. Behav. 99, 676—682.

Kosten, T.R., Morgan, C., Kosten, T.A., 1990. Depressive symptoms
during buprenorphine treatment of opioid abusers. J. Subst.
Abuse Treat. 7, 51—54.

Kreek, M., Hartman, N., 1982. Chronic use of opioids and antipsy-
chotic drugs: side effects, effects on endogenous opioids, and
toxicity. Annals of the New York Academy of Sciences 398,
151-172.

Kudielka, B.M., Hellhammer, D.H., Kirschbaum, C., Harmon-Jones,
E., Winkielman, P., 2007. Ten years of research with the Trier
Social Stress Test—revisited. In: Social Neuroscience: Integrating
Biological and Psychological Explanations of Social Behavior., pp.
56—83.

Land, B.B., Bruchas, M.R., Lemos, J.C., Xu, M., Melief, E.J.,
Chavkin, C., 2008. The dysphoric component of stress is encoded
by activation of the dynorphin kappa-opioid system. J. Neurosci.
28, 407—414.

Leander, J., 1987. Buprenorphine has potent kappa opi-
oid receptor antagonist activity. Neuropharmacology 26,
1445—1447.

Lijffijt, M., Hu, K., Swann, A.C., 2014. Stress modulates illness-
course of substance use disorders: a translational review. Front
Psychiatry 5, 1—20.

Mansour, A., Fox, C.A., Akil, H., Watson, S.J., 1995. Opioid-receptor
mRNA expression in the rat CNS: anatomical and functional
implications. Trends Neurosci. 18, 22—29.

Maremmani, |., Pacini, M., Pani, P.P, 2006. Effectiveness of
buprenorphine in double diagnosed patients. Buprenorphine
as psychothropic drug. Heroin Addict. Relat. Clin. Probl. 8,
31—-48.

McLaughlin, J.P., Li, S., Valdez, J., Chavkin, T.A., Chavkin, C., 2005.
Social defeat stress-induced behavioral responses are mediated
by the endogenous kappa opioid system. Neuropsychopharma-
cology 31, 1241—1248.

McNair, D., Lorr, M., Droppleman, L., 1971. POMS, Profile of Mood
States. Educational and Industrial Testing Services, San Diego,
CA.

Mendelson, J., Upton, R.A., Everhart, E.T., Jones, R.T., 1997.
Bioavailability of sublingual buprenorphine. J. Clin. Pharmacol.
37, 31-37.

Panksepp, J., Herman, B., Conner, R., Bishop, P., Scott, J., 1978.
The biology of social attachments: opiates alleviate separation
distress. Biol. Psychiatry, 607—618.


http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0005
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0005
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0005
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0005
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0005
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0005
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0005
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0005
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0005
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0005
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0005
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0005
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0010
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0010
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0010
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0010
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0010
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0010
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0010
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0010
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0010
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0010
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0010
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0010
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0010
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0010
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0010
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0010
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0010
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0010
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0015
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0020
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0025
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0030
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0035
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0035
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0035
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0035
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0035
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0035
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0035
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0035
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0035
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0035
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0035
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0035
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0035
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0035
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0035
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0035
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0035
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0035
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0040
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0045
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0050
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0055
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0060
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0060
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0060
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0060
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0060
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0060
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0060
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0060
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0060
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0060
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0060
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0060
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0060
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0060
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0060
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0060
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0065
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0070
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0075
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0076
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0080
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0080
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0080
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0080
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0080
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0080
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0080
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0080
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0080
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0080
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0080
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0080
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0080
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0080
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0080
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0080
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0080
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0085
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0090
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0090
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0090
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0090
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0090
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0090
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0090
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0090
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0090
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0090
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0090
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0090
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0090
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0090
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0090
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0090
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0095
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0100
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0105
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0110
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0110
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0110
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0110
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0110
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0110
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0110
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0110
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0110
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0110
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0110
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0110
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0110
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0110
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0110
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0110
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0110
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0111
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0115
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0120
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0125
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0125
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0125
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0125
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0125
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0125
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0125
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0125
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0125
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0125
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0125
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0125
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0125
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0125
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0125
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0130
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0130
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0130
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0130
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0130
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0130
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0130
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0130
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0130
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0130
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0130
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0130
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0130
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0130
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0130
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0130
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0130
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0130
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0135
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0135
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0135
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0135
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0135
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0135
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0135
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0135
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0135
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0135
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0135
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0135
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0135
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0135
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0135
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0135
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0135
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0135
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0140
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0145
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0150
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0150
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0150
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0150
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0150
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0150
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0150
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0150
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0150
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0150
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0150
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0150
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0150
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0150
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0150
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0155
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0155
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0155
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0155
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0155
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0155
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0155
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0155
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0155
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0155
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0155
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0155
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0160
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0160
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0160
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0160
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0160
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0160
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0160
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0160
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0160
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0160
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0160
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0160
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0160
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0160

288

A.K. Bershad et al.

Peckys, D., Landwehrmeyer, G., 1999. Expression of mu, kappa, and
delta opioid receptor messenger RNA in the human CNS: a in situ
hybridization study. Neuroscience 88, 1093—1135.

Schmidt, A., Borgwardt, S., Gerber, H., Wiesbeck, G.A., Schmid,
0., Riecher-Rossler, A., Smieskova, R., Lang, U.E., Walter, M.,
2013. Acute effects of heroin on negative emotional processing:
relation of amygdala activity and stress-related responses. Biol.
Psychiatry, 289—296.

Schuman-Olivier, Z., Albanese, M., Nelson, S.E., Roland, L.,
Puopolo, F., Klinker, L., Shaffer, H.J., 2010. Self-treatment:
illicit buprenorphine use by opioid-dependent treatment seek-
ers. J. Subst. Abuse Treat. 39, 41-50.

Simonin, F., Gaveriaux-Ruff, C., Befort, K., Matthes, H., Lannes,
B., Micheletti, G., Mattei, M.-G., Charron, G., Bloch, B., Kieffer,
B., 1995. Kappa-opioid receptor in humans: cDNA and genomic
cloning, chromosomal assignment, functional expression, phar-
macology, and expression pattern in the central nervous system.
Proc. Natl. Acad. Sci. U. S. A. 92, 7006—7010.

Sinha, R., 2001. How does stress increase risk of drug abuse and
relapse? Psychopharmacology (Berlin) 158, 343—359.

Spanagel, R., Noori, H.R., Heilig, M., 2014. Stress and alcohol
interactions: animal studies and clinical significance. Trends
Neurosci. 37, 219—-227.

Spielberger, C.D., Gorsuch, R.L., and Lushene., R.E., 1970. ‘‘Manual
for the state-trait anxiety inventory.’’.

Stein, D.J., van Honk, J., Ipser, J., Solms, M., Panksepp, J., 2007.
Opioids: from physical pain to the pain of social isolation. CNS
Spectr. 12, 669—670.

Wilson, M.A., Junor, L., 2008. The role of amygdalar mu-opioid
receptors in anxiety-related responses in two rat models. Neu-
ropsychopharmacology 33, 2957—2968.

Yamamoto, M., Komori, T., Matsumoto, T., Zhang, K., Miyahara, S.,
Shizuya, K., Okazaki, Y., 2003. Effects of single and repeated
prolonged stress on mu-opioid receptor mRNA expression in rat
gross hypothalamic and midbrain homogenates. Brain Res. 980,
191—-196.

Zhang, G.F., Ren, Y.P,, Sheng, L.X., Chi, Y., Du, W.J., Guo, S., Zhang,
H.X., 2008. Dysfunction of the hypothalamic—pituitary—adrenal
axis in opioid dependent subjects: effects of acute and pro-
tracted abstinence. Am. J. Drug Alcohol 34, 760—768.


http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0165
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0170
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0175
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0175
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0175
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0175
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0175
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0175
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0175
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0175
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0175
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0175
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0175
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0175
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0175
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0175
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0175
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0175
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0175
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0175
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0180
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0185
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0185
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0185
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0185
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0185
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0185
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0185
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0185
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0185
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0185
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0185
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0185
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0185
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0185
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0185
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0185
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0190
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0190
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0190
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0190
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0190
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0190
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0190
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0190
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0190
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0190
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0190
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0190
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0190
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0190
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0190
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0190
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0195
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0195
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0195
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0195
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0195
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0195
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0195
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0195
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0195
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0195
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0195
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0195
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0195
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0195
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0195
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0195
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0195
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0200
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0205
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210
http://refhub.elsevier.com/S0306-4530(14)00458-2/sbref0210

	Opioid partial agonist buprenorphine dampens responses to psychosocial stress in humans
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Participants
	2.3 Drug
	2.4 Procedure
	2.5 Measures
	2.5.1 Mood and subjective effects of drug and stress
	2.5.2 Physiological measures
	2.5.3 Task performance

	2.6 Statistical analyses

	3 Results
	3.1 Demographics and baseline differences
	3.2 Drug effects
	3.3 Subjective effects of the stress task
	3.4 Physiological effects of the stress task

	4 Discussion
	Role of the funding source
	Conflict of interest statement
	Acknowledgements
	References


