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Abstract

In addition to its classical role in mediating responses to pain, the opioid system is strongly 

implicated in the regulation of social behavior. In young laboratory animals, low doses of opioid 

analgesic drugs reduce responses to isolation distress and increase play behavior. However, little is 

known about how opioid drugs affect responses to social stimuli in humans. Here we examined 

the effects of buprenorphine, a mu-opioid partial agonist and kappa-antagonist, on three 

dimensions of social processing; i) responses to simulated social rejection, ii) attention to 

emotional facial expressions, and iii) emotional responses to images with and without social 

content. Healthy adults (N = 36) attended two sessions during which they received either placebo 

or 0.2mg sublingual buprenorphine in randomized order, under double-blind conditions. Ninety 

minutes after drug administration, they completed three behavioral tasks: i) a virtual ball-toss 

game in which they were first included and then excluded by the other players; ii) an attention task 

in which they were shown pairs of faces (one emotional and one neutral), while the direction of 

their gazes was recorded using electrooculography, and iii) a picture-viewing task, in which they 

rated standardized images with and without social content. During the ball-toss game, 

buprenorphine decreased perceived social rejection. During the attention task, the drug reduced 

initial attention to fearful facial expressions, without influencing attention to angry, happy, and sad 

faces. Finally, during the picture-viewing task, buprenorphine increased ratings of positivity of 

images with social content, without affecting ratings of nonsocial images. These results suggest 

that even at low doses, opioid analgesic drugs reduce responses to some types of negative social 

stimuli, while enhancing positive responses to social stimuli. This provides further support for the 

role of the opioid system in mediating responses to social rejection and social reward.

Keywords

Opioid; social; psychophysiology; attention; buprenorphine

Corresponding Author: Harriet de Wit, Department of Psychiatry and Behavioral Neuroscience, University of Chicago, 5841 S. 
Maryland Ave., MC3077, Chicago, IL 60637, Tel: (773) 702-1537, Fax: (773) 834-7678, hdew@uchicago.edu. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Psychoneuroendocrinology. Author manuscript; available in PMC 2017 January 01.

Published in final edited form as:
Psychoneuroendocrinology. 2016 January ; 63: 43–49. doi:10.1016/j.psyneuen.2015.09.011.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1. Introduction

The opioid system has been shown to play an important role in mediating socio-emotional 

responses in humans and other species (Herman and Panksepp, 1981; Kalin et al., 1988; 

Keverne et al., 1989; Panksepp et al., 1980; Panksepp and DeEskinazi, 1980; Panksepp et 

al., 1981). Positron emission tomography (PET) studies have shown that the opioid system 

mediates responses to acute social rejection and social loss in humans (Hsu et al., 2013; 

Zubieta et al., 2003), and low doses of exogenously administered mu-opioid agonists 

dampen responses to social isolation distress in a variety of species, including young guinea 

pigs, chicks, and dogs (Herman and Panksepp, 1978; Panksepp et al., 1978; Stein et al., 

2007). Conversely, blocking opioid signaling with an opioid antagonist enhances responses 

to isolation distress and increases motivation for social contact (Fabre-Nys et al., 1982; 

Kalin et al., 1988; Martel et al., 1993; Martel et al., 1995; Panksepp et al., 1978). However, 

the effects of exogenously administered opioid drugs on responses to social rejection and 

responses to other negative social stimuli in humans have not been fully explored.

One opioid drug that has received some interest in clinical studies is the mu-opioid partial 

agonist and kappa antagonist buprenorphine (BP). There is some evidence that BP reduces 

symptoms of depression (Bodkin et al., 1995; Emrich et al., 1982; Nyhuis et al., 2008), and 

recent laboratory studies indicate that low doses of BP reduce responses to negative 

affective stimuli: BP reduces the ability to recognize fearful faces in an emotion recognition 

task (Ipser et al., 2013) and decreases physiological and subjective responses to acute social 

stress (Bershad et al., 2015). BP has also been shown to affect responses to positive social 

stimuli, bolstering short-term memory for social reward cues (Syal et al., 2015). 

Interestingly, these findings in humans are consistent with its antidepressant and anxiolytic-

like effects in animal models (Falcon et al., 2014). However, many questions remain about 

the pharmacological basis of these effects, and about the behavioral processes that underlie 

the effects of BP on positive or negative emotional responses.

In this study, we investigated the effects of BP on several forms of responses to negative 

social stimuli in healthy young adults. We studied its effects on responses to simulated 

social rejection, attention to visual stimuli with emotional content, and psychophysiological 

responses to standardized affective images. We evaluated the effects of a low, but clinically 

relevant dose of BP on i) perceived rejection in a social rejection task, ii) attention to facial 

expressions of positive and negative emotions using electrooculography (EOG) and iii) 

emotional responses to positive and negative, as well as social and nonsocial images using 

facial electromyography (EMG) and subjective ratings. The three measures provide 

qualitatively distinctive indices of subjective and physiological reactivity to negative 

affective stimuli. We selected a very low dose of BP that was expected to produce subtle 

changes in emotional reactivity without producing significant subjective effects (e.g., 

“euphoria” or nausea) that might complicate the interpretation. We hypothesized that BP 

would dampen responses to simulated social rejection, reduce initial attention to negative 

emotional expressions and decrease affective responses to negative social stimuli.
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2. Materials and Methods

2.1 Study Design

The within-subject, double-blind design consisted of two sessions wherein healthy young 

adults received, in counterbalanced order, 0.2 mg sublingual BP or placebo (sucralose 

tablets) before completing tasks assessing emotional reactivity. Subjective mood states and 

physiological measures were recorded before and 30, 90, 180, and 210 minutes after drug 

administration. At each session, subjects completed the behavioral tasks in counterbalanced 

order 90 minutes after drug administration.

2.2 Participants

Healthy subjects (N=36, 12 women) ages 18–40 were recruited through flyers and online 

advertisements. Screening consisted of a physical examination, electrocardiogram, modified 

Structural Clinical Interview for DSM-IV (SCID; First et al., 2012) and self-reported health 

and drug-use history. Inclusion criteria were: English fluency; high school education; BMI 

of 19–26; no current or past year DSM-IV Axis 1 disorders; no past year drug or alcohol 

dependence; and no history of opioid abuse, or regular use of opioid pain killers. To 

minimize variability related to the menstrual cycle, women were included only if they were 

taking oral contraceptives. Subjects were primarily Caucasian (N=23, 66%), in their 20s 

(mean± SD=21.9 ± 3.3), with some college education (mean± SD =14.9 ± 1.5), and light to 

moderate drug use (see Table 1).

Subjects were required to abstain from recreational drugs for 48 hours before each session. 

They were instructed to avoid alcohol, prescription, and over-the-counter medications for 24 

hours before each session, and to consume their normal amounts of caffeine the morning of 

the session. Compliance was verified by urinalysis (CLIAwaived Instant Drug Test Cup 

(IDTC), San Diego, CA) and breath alcohol testing (Alcosensor III, Intoximeters, St. Louis, 

MO). Female subjects provided urine samples for pregnancy tests. Subjects were told they 

might receive a placebo, stimulant, sedative or opioid drug. All participants provided 

informed consent prior to beginning the study procedures, which were approved by the 

University of Chicago Institutional Review Board.

2.3 Drug

Participants received 0.2mg sublingual BP (Temgesic®, Reckitt Benckiser Pharmaceuticals) 

with a sucralose tablet to disguise the taste of the drug or placebo (two Splenda® sucralose 

tablets) in counterbalanced order at two sessions. BP is a mu-opioid partial agonist and 

kappa-opioid antagonist that is used to treat moderate to severe pain and opioid dependence. 

The dose we administered in this study was less than one twentieth that used in opioid 

replacement therapy. This dose has been shown to affect memory for social reward (Syal et 

al., 2015) and emotion recognition (Ipser et al., 2013) without producing appreciable 

subjective effects or nausea. In our previous study (Bershad et al., 2015) a higher dose of BP 

(0.4 mg) produced appreciable nausea in the majority of participants. Peak plasma 

concentrations of the drug occur 90–360 minutes after ingestion (Mendelson et al., 1997).
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2.4 Procedure

At a 1-hour orientation session, a research assistant described study tasks and 

psychophysiology procedures and subjects provided informed consent. Subjects then 

attended two 4.5 hour experimental sessions beginning at 9:00 AM and separated by at least 

48 hours. After compliance was confirmed, baseline measures of subjective state and 

cardiovascular function were obtained. Sublingual tablets containing 0.2 mg BP or placebo 

were administered at 9:30 AM. Subjects then relaxed for 1 hour, reading or watching a 

movie. Subjective and cardiovascular measures were taken at 10:00 AM and 10:45 AM the 

psychophysiology sensors were applied. At 11 AM, participants completed subjective 

ratings, followed by the social rejection, attention bias task, and emotional responsiveness 

task in randomized, counterbalanced order. At 12:30 PM psychophysiology sensors were 

removed and subjective and cardiovascular measures were reassessed. At 1:00 PM, final 

measures were taken and subjects were discharged.

2.5 Subjective and Cardiovascular Drug Effects

Subjective and cardiovascular measures were obtained to monitor the effects of the drug. 

The primary measure of subjective drug effect was the Drug Effects Questionnaire DEQ; 

(Fischman and Foltin, 1991). The DEQ consists of five visual analog scales (VAS; 0–100) 

on which subjects rate how much they like, dislike and feel the effects of a drug, how “high” 

they feel, and how much they want more of the drug. Subjects also completed single-item 

VAS scales to indicate how nauseous they felt. Heart rate and blood pressure were 

monitored with portable monitors (Omron 10 Plus, Omron Healthcare, Kyoto, Japan). 

Questionnaires and cardiovascular measures were obtained at baseline (−15), 30, 90, 180 

and 210 minutes after tablet administration. At the end of each session, participants were 

asked to guess which class of drug they had received.

2.6 Behavioral Tasks and Psychophysiological Measures

Simulated Social Rejection Task—The “Cyberball” task is widely used in simulating 

social acceptance and exclusion (Williams and Jarvis, 2006). In two 4-minute games, 

participants played “catch” with two differentially labeled, if otherwise identical, computer 

avatars. The behavior of these avatars was predetermined such that in each game subjects 

were either included (60 ± 3% of the tosses were to him/her) or rejected (15 ± 3% of the 

tosses were to him/her). At each session, subjects participated in one inclusion and one 

exclusion version of the game. Immediately after each, they completed questionnaires 

assessing their mood. Additionally, subjects were asked to estimate the percentage of tosses 

(0–100%) they received.

Attention Bias Task—In the Attention Bias Task, subjects viewed images of actors (8 

male, 8 female) expressing anger, fear, happiness, sadness and emotional neutrality. Images 

were taken from the Karolinska Directed Emotional Faces Set (Goeleven et al., 2008). 

During each trial subjects viewed a 1,000 ms pre-image fixation mark, followed by a 2,000 

ms pairs of images of single actor expressing neutrality and an emotion, placed adjacently 

on the screen. Immediately after this presentation, a visual probe icon (circle or square) was 

presented in place of one of the two images. Subjects were instructed to identify the probe as 
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a circle or square as quickly as possible by responding on the keyboard. The probe 

identification part of the task was included to distract the participants from the purpose of 

the task. Trials were separated by 750–1,250 ms intervals. The 64-trial presentations were 

counterbalanced for icon shape, icon location, and emotional face location. The primary 

measure of attentional bias to emotional faces was the number of times participants looked 

toward each emotional face, as compared to the neutral one. These measures were recorded 

using electrooculography (EOG), achieved through the application of 4-mm Ag/AgCl 

sensors just outside the outer canthus of each eye. Trials were excluded if baseline gaze 

direction was not centrally fixed, or signal-noise obscured eye movements.

Emotional Images Task—Positive, negative, and neutral emotional images with and 

without social content were taken from the International Affective Picture System (Lang et 

al., 1999), as described in Wardle et al., 2012. Two different sets of these images matched 

for valence and arousal were prepared, one for each session, to minimize habituation across 

sessions. Social stimuli depicted two people or parts of people interacting, whereas 

nonsocial stimuli contained no people. Thus each set consisted of six subsets: social/

negative, social/neutral, social/positive, nonsocial/negative, nonsocial/neutral, nonsocial/

positive. Further, each subset contained nine images, three each of mild, moderate and 

extreme intensity. Pictures were presented in randomized order with no more than two 

pictures of consistent valence appearing consecutively. Images were presented for 6 

seconds, preceded and followed by 3 seconds of a fixation mark. Subjects rated each image 

immediately after its presentation using an evaluative space grid (Larsen et al., 2009), which 

allowed for independent evaluations of emotional valence in both positive and negative 

dimensions (“0”: not at all; “4” extreme). Emotional reactivity to images was determined 

through electromyography (EMG) of corrugator and zygomatic musculature. EMG 

measures of facial muscle activity (corrugator and zygomatic muscles) are indicative of 

affective responses to emotional stimuli, and can provide a more objective measure of 

emotional reactivity than subjective reports alone (Dimberg et al., 2000). Highly positive 

stimuli increase activity in the zygomatic, or “smile” muscle and relax the corrugator 

(“frown”) muscle. Negative stimuli activate the corrugator muscle. EMG was measured with 

4mm Ag/AgCl electrodes precisely placed on the cheek and left brow. An 8mm Ag/AgCl 

ground sensor was placed upon the subject’s forehead. Signals were amplified, filtered 

through a 10–500 Hz band pass, digitized, re-filtered, rectified and then integrated over 20 

ms using EMG100C amplifiers, an MP150 Data Acquisition System and Acqknowledge 

software from Biopac Systems (Goleta, CA, USA).

2.7 Statistical Analyses

To analyze the data, we used paired t-tests or within-subjects repeated measures analysis of 

variance to compare responses during the drug session to the placebo session (RMANOVA). 

Any significant main effects and interactions were followed with paired t-tests, corrected for 

multiple comparisons. For all analyses, p values were considered statistically significant at 

less than 0.05.
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3. Results

3.1 Subjective Effects of Buprenorphine

Five subjects reported nausea after BP, which interrupted their performance of the 

behavioral tasks. These subjects were excluded from behavioral analyses, even though 

responses on other subjective measures of drug effect did not significantly differ when these 

subjects were excluded or included in the analyses. BP tended to increase ratings of “feel 

drug” (Figure 1; t[36] = −1.87, p = 0.07), but did not increase ratings of “like effects”, 

“dislike effects”, “feel high”, “want more” or any of the other adjectives selected to detect 

subjective effects of the drug. Thus, the behavioral effects of BP could not be attributed to 

feelings of drug high or “euphoria”.

3.3 Simulated Social Rejection

Rejection significantly increased self-reported negative mood and decreased positive mood 

during the placebo session (t[30] = −6.6, p <0.001, t[30] = 6.4, p <0.001), and decreased 

estimated percent throws received (t[30] = 13.3, p <0.001). BP significantly increased 

participants’ estimation of the degree to which they were included (Figure 4A; t[30] = −2.2, 

p <0.05), and tended to reduce negative mood in response to rejection (Figure 4B; t[30] = 

1.7, p = 0.1). The drug did not affect ratings of positive mood in response to rejection, nor 

did it affect any measures of responses during the inclusion portion of the task.

3.4 Attention Bias Task

BP reduced the number of first gazes toward fearful facial expressions as compared to other 

emotions (Dose × Emotion Type F[2,28] = 3.61, p<0.05; Fear 0mg vs. 0.2 mg p<0.05). 

Overall, neither the drug nor the type of emotion affected the direction of first gaze (Figure 

2; Dose F[2,27]=0.02, p = 0.9, Emotion Type F[2,27] = 0.41, p = 0.8).

3.5 Emotional images task

As expected, subjects rated the positive images with the highest valence ratings and negative 

images the least (F[2, 29] = 280.3, p<0.001; positive vs. neutral p<0.05, negative vs. neutral 

p<0.05, positive vs. negative p<0.001). BP increased valence ratings only for images with 

social content (Figure 3; Dose × Social Type F[2, 29] = 4.5, p<0.05). BP did not 

significantly affect ratings of arousal for any type of image.

Measures of zygomatic reactivity were not normally distributed, so the square roots of the 

data were used in analyses. Facial EMG of the corrugator and zygomatic muscles showed 

expected main effects of picture type (Corrugator; Type F[2, 29] = 7.6, p<0.001, negative 

vs. neutral p=0.08, negative vs. positive p<0.01, Zygomatic; Type F[2, 29] = 4.0, p<0.05, 

negative vs. positive p<0.05); corrugator activity increased in response to negative images 

and zygomatic activity increased in response to positive images. No drug effects on EMG 

measures were observed.

3.6 Drug Identifications

Only 17% of participants correctly identified BP as an opioid following the session. The rest 

guessed they had taken a stimulant (11%), sedative (44%) or placebo (28%). After receiving 
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the placebo dose, 36% percent of subjects correctly identified it as such. The remaining 

individuals guessed that they had received a stimulant (8%), sedative (36%) or opioid (19%) 

drug.

4. Discussion

In this study, we aimed to determine the effects of the mu-opioid partial agonist and kappa 

antagonist BP on responses to three different types of negative social stimuli, including 

simulated social rejection, emotional facial expressions, and images with social and 

nonsocial content. In accordance with our hypothesis, we found that BP decreased perceived 

social rejection and attention to fearful facial expressions, and increased ratings of positivity 

for images with social content. These effects occurred at a low dose of the drug, and 

appeared to be independent of any subjective experience of euphoria.

One of the results of this study was that BP reduced perceived social rejection in a simulated 

social rejection task. This result aligns with studies in young rodents and other species 

showing that exogenously administered opioids reduce behavioral measures of distress in 

response to social isolation (Bos et al., 2012; Herman and Panksepp, 1978; Panksepp et al., 

1978; Stein et al., 2007; Sufka et al., 1994), perhaps by reducing the perception of the social 

rejection itself. In chicks, this distress-reducing effect was blocked by the administration the 

opioid antagonist naloxone (Panksepp et al., 1980). Studies using PET imaging in humans 

have suggested a role for the opioid system in mediating responses to social rejection (Hsu 

et al., 2013), and indirect evidence implicating the opioid system in responses to perceived 

social isolation has been obtained by measuring pain thresholds. Individuals with strong 

social support systems report less cardiac (King et al., 1993), chronic (Phillips and Gatchel, 

2000), and post-operative pain (Kulik and Mahler, 1989), and this phenomenon is thought to 

be mediated in part by increases in endogenous opioid tone as a result of social contact 

(Dunbar, 2010; Odendaal and Meintjes, 2003). One study saw an increase in pain sensitivity 

in socially isolated rats, providing further support for a relationship between pain thresholds 

and opioid tone (Panksepp, 1980). There is some evidence that opioid users may use the 

drugs in part to restore low endogenous opioid levels resulting from diminished social 

interactions. Rats given a choice between morphine and water solutions consumed 

significantly more morphine when they had been singly-housed, compared to their group-

housed conspecifics (Alexander et al., 1978). In a study with nonhuman primates, the 

concentration of β-endorphin in cerebral spinal fluid increased significantly after grooming 

(Keverne et al., 1989). Thus in opioid-dependent populations, where social relationships are 

often disrupted (O'donnell et al., 1967), opioids may be used in a compensatory manner 

(Albertin and Íniguez, 2008). Here we report results consistent with this idea, showing that 

an exogenous mu-partial agonist dampens responses to simulated social rejection.

The observed effects of BP on attention to emotional expressions are in line with a body of 

evidence suggesting the drug attenuates responses to fearful stimuli. One recent study 

showed that BP selectively reduces the ability to recognize fearful facial expressions (Ipser 

et al., 2013), and our results may suggest a behavioral mechanism through which BP has this 

effect. BP may act to direct attention away from faces expressing fear, reducing the ability to 

detect the emotion. Furthermore, BP’s effects on emotion processing are consistent with 
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preclinical and clinical evidence in support of the anti-depressant properties of the drug 

(Bodkin et al., 1995; Emrich et al., 1982; Falcon et al., 2014). A negative bias in emotion 

processing has been observed in patients with mood and anxiety disorders, and this bias is 

sensitive to standard anti-depressants (Harmer et al., 2009), which show similar effects as 

those observed in this study.

BP acts at both the mu opioid receptor (MOR) and kappa opioid receptor (KOR), and its 

actions at both these sites may contribute to the effects observed here. Both actions have 

been implicated in anxiolytic effects: mu-opioid agonists reduce responses to fearful stimuli 

in rodents and non-human primates (Davis, 1979; Morris and Gebhart, 1978; Shepherd et 

al., 1992; Vivian and Miczek, 1993; Winslow et al., 2007), whereas mice lacking the KOR 

and those pretreated with a KOR antagonist fail to develop conditioned place aversion 

associated with repeated physical stressors such as foot shocks (Land et al., 2008). Further, 

administration of a kappa-antagonist reduces responses to stress, including stress-induced 

immobility and analgesia, and stress-induced reinstatemnt of alcohol seeking (Funk et al., 

2014; McLaughlin et al., 2006). The combined actions of the drug at both receptors may 

have contributed to our observed results with responses to negative social stimuli. 

Interestingly, these same actions and effects may also contribute to the efficacy of BP in 

treating opioid use disorders, by reducing responses to stressors that may lead to relapse. 

The future availability of a selective kappa-antagonist for use in humans will help to clarify 

the pharmacological mechanisms of these effects.

Finally, we observed that BP selectively increases ratings of positivity for images with 

social content. This suggests that, in addition to its ability to decrease reactions to negative 

social stimuli (rejection and perception of fear), BP may also enhance reactivity to positive 

social stimuli. This is consistent with studies in nonhuman animals that opioids are involved 

in socially rewarding activities such as play behavior (Trezza et al., 2010; Vanderschuren et 

al., 1995a; Vanderschuren et al., 1995b; Panksepp and Bishop, 1981; Panksepp et al., 1985) 

and suggests that in humans opioid agonists enhance perceptions of social reward, as well as 

decreasing perceived negative social stimuli (Syal et al., 2015). The so-called 

“empathogen”, 3,4-Methylenedioxymethamphetamine (MDMA), has also been shown to 

selectively enhance positivity ratings for images with social content (Wardle et al., 2014), 

which supports the idea that opioids may also act to enhance social reward. For reasons that 

are not yet clear, the effect of BP on social stimuli was limited to subjective ratings of 

positivity, and was not detected in the electropsychophysiological indices of positive 

emotional responses (i.e., zygomatic muscle activity). The degree of association between 

physiological and subjective ratings of emotional state is in an interesting direction for 

future research.

One concern about using opioid drugs to dampen responses to negative social stimuli is that 

they may do so only by producing the subjective experience of euphoria. In this study, 

however, we detected effects on emotional responses at a very low dose (twenty times lower 

than the dose used in opioid replacement therapy), which did not produce appreciable 

subjective effects of any kind, and no euphoria. Thus, in this study, we showed BP produced 

its effects on responses to social stimuli independently of any direct positive mood effects of 

the drug.
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The study presented here has several limitations. First, the small sample size limited our 

power and made it difficult to detect subtle effects. The sample size also made it difficult to 

examine individual differences in responsiveness to the drug. Also, in this study, we only 

tested a single low dose of BP. This is the lowest clinically available dose, but it is possible 

that similar effects may be present at even lower doses. Finally, we studied the effects of the 

drug in healthy adult volunteers, leaving unanswered the question of whether BP would 

more strongly affect responses to social stimuli in symptomatic populations, including drug 

users or other psychiatric populations.

The findings we report here align with a body of preclinical evidence and a handful of 

studies in humans showing that opioids reduce responses to various types of negative social 

stimuli. Questions for future investigation include the pharmacological mechanisms through 

which BP exerts its effects on social processing (e.g., mu or kappa), and how these effects 

might be leveraged in a clinical setting (Panksepp and Yovell, 2014).
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Highlights

► We show that buprenorphine dampens responses to simulated social rejection ► We 

show that buprenorphine reduces attention to fearful facial expressions, but does not 

affect attention to happy, sad, or angry faces ► We show that buprenorphine selectively 

increases ratings of positivity for emotional images with social content ► We observed 

these stress-blunting effects at a relatively low dose of the drug that does not produce 

significant euphoria
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Figure 1. Effects of buprenorphine and placebo on subjective reports of a) “feel drug” and b) 
“feel high”
Effects measured with visual analogue ratings. Shaded area indicates the time during which 

the tasks took place. Bars depict mean ± SEM.
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Figure 2. Effects of buprenorphine on perceived social rejection during the accept and reject 
conditions
Values shown are mean (± SEM) estimated percent throws received after acceptance and 

rejection. Dashed line indicates the actual percentage of throws received. Asterisks indicate 

significant difference between drug and placebo, p<0.05.
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Figure 3. Mean (± SEM) number of initial gazes toward emotional facial expressions after 
buprenorphine and placebo, shown for each emotion depicted
Asterisks indicate a significant difference between drug and placebo, p<0.01.

Bershad et al. Page 15

Psychoneuroendocrinology. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. Mean (±SEM) ratings of ‘positivity’ of images with social and nonsocial content after 
buprenorphine or placebo
Asterisk indicates a significant difference between drug and placebo, p<0.05.
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Table 1

Demographic and Substance Abuse Characteristics

N (%) or M (SD)

Demographic variables

  Sex (M/F) 24/12 (66% / 33%)

  Race 23 (66%) Caucasian

7 (19%) African American

3 (8%) Asian

3 (8%) Other

  Age 21.9 (3.3)

  Education in years 14.9 (1.5)

Current substance use

  Alcoholic drinks/week 3.4 (1.2)

  Cigarettes in past month 0.9 (2.4)

Lifetime recreational use

  Cannabis 3 (8%) Never

7 (19%) 1–10x

12 (33%) 11–50x

3 (8%) 51–100x

11 (30%) >100x

  Tranquilizers 29 (80%) Never

6 (16%) 1–10x

1 (2%) 11–50x

  Stimulants 22 (61%) Never

9 (25%) 1–10x

5 (13%) 11–50x

  Opiates 30 (83%) Never

5 (13%) 1–10x

1 (2%) 51–100x

  Hallucinogens 21 (58%) Never

14 (38%) 1–10x

1 (2%) 11–50x

  MDMA 27 (75%) Never

8 (22%) 1–10x

1 (2%) 11–50x

  Other drugs 33 (91%) Never

2 (5%) 1–10x

1 (2%) 11–50x
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