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Abstract

Background—Buprenorphine can be abused by the intranasal route. This study sought to 

examine the relative abuse liability and reinforcing efficacy of intranasal buprenorphine compared 

to intranasal buprenorphine/naloxone in opioid-dependent individuals.

Methods—Eleven healthy male and female volunteers physically dependent on short-acting 

opioids resided as inpatients during participation in this double blind, within subject, placebo-

controlled study. Participants were maintained on oxycodone (30 mg/q.i.d., p.o.) throughout the 6-

week study. Eight pairs of experimental sessions were conducted at ≥48 hour intervals to examine 

the pharmacodynamic profile (Sample) and reinforcing efficacy (Self-administration the following 

day) of intranasal placebo, oxycodone (60 mg), buprenorphine (2, 8 & 16 mg) and buprenorphine/

naloxone (2/0.5, 8/2 & 16/4 mg). Subjective, observer-rated and physiological measures were 
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collected to assess the magnitude of opioid agonist and antagonist effects. A progressive ratio self-

administration procedure assessed choices for drug versus money.

Results—All active doses produced opioid agonist-like effects (e.g., increased ratings of 

“liking,” and miosis) compared to placebo. The effects of buprenorphine and buprenorphine/

naloxone were not reliably dose-dependent. Intranasal buprenorphine/naloxone elicited modest 

and transient opioid withdrawal-like effects in the first hour post-drug administration, while 

simultaneously blunting or blocking the early onset of agonist effects seen with buprenorphine 

alone. All active doses of buprenorphine were self-administered more than placebo, but 

buprenorphine/naloxone doses were not.

Conclusions—These data confirm that intranasal buprenorphine/naloxone has deterrent 

properties related to transient withdrawal effects that likely decrease its desirability for misuse 

compared to buprenorphine in opioid-dependent individuals maintained on short-acting opioids.
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1. INTRODUCTION

Buprenorphine (BUP), a partial mu opioid agonist, has been successfully used for the 

treatment of opioid dependence since the 1990’s (see recent reviews Fullerton et al., 2014; 

Mattick et al., 2014). Following the passage of the U.S. Drug Addiction Treatment Act of 

2000 and FDA approval of Suboxone® and Subutex® in 2002, BUP implementation in the 

U.S. became widespread. While the majority of BUP sold in the U.S. is buprenorphine/

naloxone (BUP/NX), many countries outside the U.S. primarily use BUP alone (e.g., 

France). In part, this was because BUP was introduced in these countries before BUP/NX 

was available; however, now that BUP/NX is available, reasons for continued preference for 

BUP alone may not be empirically justified given growing concerns about diversion, misuse, 

and adult and pediatric overdose (Hayes et al., 2008; Kintz, 2002; Lai and Teo, 2006; 

Lavonas et al., 2013; Lovegrove et al., 2014; Reynaud et al., 1998; Simonsen et al., 2011; 

Tracqui et al., 1998). The preferential use of BUP/NX in the U.S. occurred because the FDA 

approved both formulations simultaneously and the manufacturer, Reckitt-Benckiser 

Pharmaceuticals, priced BUP/NX lower than BUP to discourage widespread prescribing of 

BUP. Also, physician trainings and published treatment guidelines (e.g., CSAT, 2004) 

preferentially recommended BUP/NX (except for induction and supervised dosing and 

treatment of pregnant women).

The rationale for the combination BUP/NX development was based upon the assumption 

that adding naloxone would reduce potential misuse and diversion compared to BUP alone, 

as has been observed with pentacozine/naloxone and tilidine/naloxone (Johnson and 

McCagh, 2000). Naloxone has poor sublingual bioavailability (Preston et al., 1990) and is 

functionally inactive when sublingual BUP/NX is taken as directed. However, if misused 

parenterally, naloxone becomes 100% bioavailable and can precipitate opioid withdrawal in 

opioid-dependent individuals (e.g., Fudala et al., 1998; Stoller et al., 2001). However, studies 

and clinical experience have demonstrated that whether BUP and BUP/NX administration is 
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or is not associated with abuse liability and does or does not precipitate opioid withdrawal in 

opioid-dependent individuals is complicated and determined by numerous factors, including 

opioid maintenance drug, maintenance dose, time since last dose, BUP or BUP/NX dose, 

and route of BUP or BUP/NX administration (Clark et al., 2002; Harris et al., 2000; Larance 

et al., 2014; Mendelson et al., 1996; Preston et al., 1988; Rosado et al., 2007; Schuh et al., 

1996; Stoller et al., 2001; Walsh et al., 1995).

Reports indicate that BUP tablets with and without naloxone are being crushed (and 

sublingual films dissolved) and subsequently injection or insufflated intranasally (Alho et 

al., 2007; Bruce et al., 2009; Horyniak et al., 2011; Jenkinson et al., 2005; Lofwall and 

Walsh, 2014; Nordmann et al., 2012; Young et al., 2010). For instance, two studies report 

that up to 30% of patients enrolled in BUP therapy were snorting their medication (Barrau et 

al., 2001; Roux et al., 2008). Case reports describe adverse consequences from intranasal 

BUP, including acute hepatitis and renal failure (Eiden et al., 2013) and fatal overdose 

(Ferrant et al., 2011; Megarbane et al., 2011). Few controlled human studies have 

characterized the response to intranasal BUP, BUP/NX or naloxone. We previously 

examined the pharmacodynamic and pharmacokinetic profiles of intranasal BUP and 

BUP/NX in opioid abusers who were not physically dependent on opioids (Middleton et al., 

2011). That study demonstrated significant intranasal absorption of buprenorphine (~38–

44%) and naloxone (~24–30%) from BUP/NX yielding naloxone plasma concentrations 

comparable to those produced by doses that precipitate withdrawal in opioid-dependent 

individuals; however, this did not translate into meaningful pharmacodynamic differences 

between BUP and BUP/NX in non-dependent abusers. Jones and colleagues recently 

reported that intranasal BUP and BUP/NX do have reinforcing efficacy in BUP-maintained 

individuals (mimicking those receiving treatment with BUP), and this declines as a function 

of maintenance dose (Jones et al., 2015). Further, they reported that BUP/NX produced 

decreased positive subjective effects compared to BUP and was associated with increased 

ratings of aversive effects in BUP-maintained individuals. However, as BUP is known to 

have very high affinity for the mu receptor and a long duration of action, the effects of 

intranasal BUP/NX in individuals dependent on BUP may differ substantially from its 

effects in those dependent on short-acting opioids with lower affinity (e.g., see Schuh et al., 

1996; Walsh et al., 1995). Thus, the present study sought to examine the effects of intranasal 

BUP compared to BUP/NX among opioid-dependent individuals maintained on a short-

acting full mu opioid agonist, mimicking the typical out-of-treatment scenario for those 

dependent on heroin or short-acting prescription opioids who may misuse buprenorphine 

products.

2. MATERIALS AND METHODS

2.1. Participants

Eleven adult volunteers completed this study. All were physically dependent on short-acting 

opioids, recruited through advertisements, and determined to be in good health by history, 

physical examination, electrocardiogram and laboratory tests. Inclusion criteria included 

ages 18–50 years, within 25% of ideal body weight or BMI<30, prior intranasal opioid use, 

≥21 of last 30 days short-acting illicit opioid use. Exclusion criteria included: seizure or 
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respiratory disorders, head injury, hypertension, cardiovascular disease, abnormal 

electrocardiogram, pregnancy, nursing, chronic pain, requiring daily medication, physical 

dependence on sedatives or alcohol, currently enrolled/seeking treatment for opioid 

dependence and long-acting opioid as primary opioid of choice. To confirm opioid physical 

dependence, subjects were required to report regular illicit opioid use confirmed by opioid-

positive urine drug screens (UDS) during the screening period. It was expected that opioid 

withdrawal signs would be present, assessed by the COWS (Wesson and Ling, 2003), if 

someone presented with a negative opioid screen. A modified timeline-follow back (TLFB) 

and the Addiction Severity Index (ASI) further characterized their substance abuse 

(McLellan et al., 1992).

The University of Kentucky IRB approved the study, an NIH Certificate of Confidentiality 

was obtained, and the Declaration of Helsinki guidelines were followed. Subjects gave 

written informed consent and were paid for participation.

2.2. Drugs

This study was performed under an Investigational New Drug Application (#69,214). Study 

medications were prepared by the UK Investigational Pharmacy. Oxycodone hydrochloride 

tablets (30 mg) (Mallinckrodt, Hazelwood, MO) were overencapsulated and loose-filled with 

lactose monohydrate powder (Medisca Pharmaceuticals, Plattsburgh, NY) for daily 

maintenance dosing; identical capsules filled with lactose were placebo. A commercial 

solution (Hospira; 0.4 mg/mL) was diluted to formulate 0.2 mg/mL for the naloxone 

challenge; sterile saline was the placebo (Hospira). For the intranasal test doses, placebo was 

lactose. Oxycodone hydrochloride powder (Spectrum Laboratory, Gardena, CA) was 

weighed (60 mg). Subutex® (2 and 8 mg tablets) was obtained through NIDA, and 

Suboxone® (2/0.5 and 8/2 mg tablets) was obtained from Reckitt Benckiser (Hull, England) 

in order to use all white tablets (as U.S. Suboxone® is orange). For BUP (2, 8 & 16 mg) and 

BUP/NX (2/0.5, 8/2 & 16/4 mg), tablets were pulverized to powder (2 mg tablets for 2 mg 

doses; one or two 8 mg tablet(s) for 8 mg or 16 mg doses, respectively). As the 16 mg doses 

yielded the greatest volume, all other doses were formulated with additional lactose to 

produce equivalent volume for insufflation to preserve the blind. Doses were placed in a 

small glass vial and into an envelope with blinded identifying information. For the Self-

administration sessions, doses were formulated to produce 1/7th, 2/7th …. to 7/7th of the 

dose in same manner.

2.3. Experimental Design

A double blind, within-subject, placebo-controlled design was employed. Subjects resided 

for ~6 weeks on the hospital inpatient research unit to complete the three-phase study: 1) 

stabilization on oxycodone and naloxone challenge, 2) reinforcing efficacy and abuse 

liability evaluation [~4 weeks], 3) wash-out, discharge and optional outpatient BUP taper [1 

week]. Urine samples were tested daily for potential illicit drug contraband; females were 

tested weekly for pregnancy (all were negative).

2.3.1. Experimental Sessions: General Methods—Following admission, subjects 

were trained to perform all experimental tasks. They were allowed a light breakfast 2 hr pre-
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session and allowed to smoke up to 30 min pre-session (and prohibited from eating or 

smoking during all sessions). During sessions, subjects’ data were entered directly into a 

programmed Mac Mini, OSX (Apple Computer, Cupertino, CA); a research assistant seated 

behind the computer initiated tasks and entered observer-rated measures (Babalonis et al., 

2013). Oxygen saturation, heart rate, blood pressure (Dynamap Non-Invasive Patient 

Monitor) were recorded every minute through computer interface; expired end tidal CO2 and 

respiratory rate were recorded (Capnograph N-85, Nellcor, Boulder, CO). Pupil diameter 

was determined using a pupilometer (NeurOptics, San Clemente, CA) in constant lighting 

conditions.

2.3.2. Phase 1- Stabilization and Physical Dependence Confirmation—Hospital 

admission was typically around noon, and double blind supervised oxycodone dosing (30 

mg, p.o. qid) commenced either after admission or at 6:00 PM depending upon clinical 

assessment of opioid intoxication/withdrawal and at 8:00 AM, 12:00, 6:00 and 10:00 PM 

thereafter. After steady-state was achieved (~16 doses), two sessions on the same day 

commenced at 10:30AM and 2:30PM. Physiological and subjective data were collected for 

0.5 hours before and 1.25 hr after intramuscular injection (1 mL) of placebo or naloxone 

(0.2 mg) in counterbalanced order 3 hr after last oxycodone dose (see description below and 

Table 1). Naloxone challenge was included to confirm subjects maintained on this 

oxycodone dosing regimen would exhibit measurable precipitated withdrawal signs, as there 

is substantial inter-subject variability even with identical maintenance regimens (see 

reference Rosado et al., 2007).

2.3.3. Phase 2- Sample and Self-Administration Sessions—After ≥1 week of 

stabilization, test sessions commenced to characterize the pharmacodynamic profile of the 

test drugs (i.e., Sample Session) followed 24-hr later by a Self-Administration Session when 

participants could work for none, some or all of the preceding day’s sample dose as 

described previously (Babalonis et al., 2013). Double-blind placebo was substituted for 

oxycodone the preceding evening and session morning (10PM and 8 AM), with the last 

active dose 17.5 hr before Sample and Self-Administration sessions. The 12:00 PM dose was 

also withheld on Sample and Self-administration session days as subjects were likely to 

receive active drug during the morning of these days. Eight session pairs assessed intranasal 

placebo, oxycodone (60 mg), BUP (2, 8, 16 mg) and BUP/NX (2/0.5, 8/2, 16/4 mg); session 

pairs were scheduled ≥48 hr apart. It was hypothesized that BUP/NX would precipitate 

withdrawal at some dose; thus, lower doses were tested before higher doses. The BUP and 

BUP/NX conditions were presented in ascending order across weeks with other conditions 

randomly interspersed; hence, dosing employed a quasi-randomized order. Withdrawal 

criteria were set to discontinue further BUP or BUP/NX dose escalation for participant 

protection (Rosado et al., 2007).

Sample sessions (6.5-hr duration) began at 8:00AM with drug administration at 8:30AM. 

Participants were reminded to pay close attention to their drug experience, as they would 

have the opportunity to earn that dose the next day. The nurse emptied the sample dose onto 

a mirror, the participant split the powder into four lines and insufflated those with a straw 

Walsh et al. Page 5

Drug Alcohol Depend. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



through alternating nostrils over 5-min. Measures were collected before and after drug 

administration (described below; Table 1).

Self-administration sessions began at 8:10AM with the first choice trial at 8:40AM. Session 

duration varied as a function of progressive ratio (PR) responding. Participants could 

respond for 7 trials on a PR schedule to work and earn portions (1/7th increments) of the 

sample dose or money ($21 total available, $3 increments) or choose to work for neither. 

Participants worked via clicking a computer mouse with successively increasing 

requirements across trials: 50, 250, 500, 1000, 1500, 2000 and 2500 responses, with 7800 

responses necessary to earn all drug or money over ≤210 min. Each reinforcer operated 

under an independent PR schedule. After completion, participants received the earned drug 

or money. Cash was delivered to the volunteer but kept locked until study completion. Safety 

was monitored for 2 hr after drug administration; all participants were required to remain in 

session for 2 hr when no drug was chosen (e.g., money only) or chose not to work.

2.3.4. Phase III: Discharge—Participants remained inpatient for one week after 

completing these sessions to participate in a secondary study. All were offered a 7-day 

buprenorphine taper at discharge.

2.4. Subject and Observer-Rated Measures

Subject-rated measures included visual analog scales (VAS), street value, a 38-item adjective 

Agonist and Antagonist scale (Preston and Bigelow, 1998), and a modified drug 

identification questionnaire (Babalonis et al., 2013; Jasinski et al., 1977). Observers used a 

12-item opioid agonist scale (Preston and Bigelow, 1998), modified Himmelsbach scale 

(Eissenberg et al., 1996; Himmelsbach, 1941) and Observer Opioid Withdrawal Scale 

(OOWS)(Handelsman et al., 1987). The VAS were “Do you feel any DRUG EFFECT?” 

“How HIGH are you?” “Does the drug have any GOOD ….. BAD effects?” “How much do 

you LIKE the drug…… DESIRE OPIATES right now?” and “How severe is your OPIOID 

WITHDRAWAL?” Participants placed an arrow along a 100-mm line with “not at all” (0) 

and “extremely” (100). Adjective checklists used a 5-point Likert scale (0 not at all – 4 

extremely).

2.5. Statistical Analysis

All measures were initially analyzed as raw time course with 2-factor within-subject models 

(dose [8]×time [variable]). Automated min-by-min physiological data were first averaged to 

yield intervals (5–30 min) corresponding to subjective measures. Peak scores (minimum or 

maximum) were derived and analyzed with 1-factor models. Significant main and 

interaction effects (p < 0.05) were further explored with Fisher LSD tests to compare active 

doses to placebo and matched buprenorphine doses to each other (e.g., 8 BUP vs. 8/2 BUP/

NX). All analyses were run with SAS 9.3 Proc Mixed software for Windows.
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3. RESULTS

3.1. Participant Characteristics

Sixty-two individuals were screened in-person, twenty were admitted as inpatients, and 

eleven completed the protocol. Early discharge reasons were: couldn’t tolerate spontaneous 

withdrawal during first week (n=1), no naloxone response (n=1), personal reasons (n=2), 

provided poor/inconsistent data (n=3), and contraband activities (n=2). Completers were 7/4 

males/females, mean age = 28.4 years; all Caucasian, 11.7 mean years of education, 5/2/4 

were single/married/divorced. Based upon TLFB, the average number of days for any opioid 

use was 27.6 (±0.9) of past 30 days with multiple daily uses. With the ASI, all participants 

reported prescription opioid abuse with 9 of 11 reporting past month whereas 5 reported past 

month heroin abuse. All reported abusing intranasally and five reported abusing 

intravenously.

3.2. Naloxone Challenge Session

Naloxone (0.2 mg) produced mild but statistically significant precipitated withdrawal 

compared to placebo. Time course data revealed significant effects of dose and time on 

opioid withdrawal outcomes (e.g., mydriasis, tachycardia, and increased scores on 

withdrawal signs and symptoms; p<.05). Figure 1 (statistics in legend) shows data for peak 

response for VAS “bad drug effects” by naloxone compared to placebo (upper left). 

Withdrawal ratings (upper right) show mild elevations after placebo (last active dose given 

17.5 hr prior) that were increased further by naloxone. Similarly, observer-rated opioid 

withdrawal signs increased (OOWS; lower left), and naloxone produced significant 

mydriasis (lower right). Time-to-peak (Tmax) analyses revealed most withdrawal signs/

symptoms peaked 20–25 minutes post-naloxone.

3.3. Pharmacodynamic Response: Sample Sessions

3.3.1. Opioid Agonist and Withdrawal Outcomes—Time course analyses revealed 

significant main effects of dose for outcomes sensitive to mu opioid agonists. The Opioid 

Agonist Scales rated by participants and observers revealed significant main effects of dose 

(Subjects F [7, 70]= 2.15; p=.05; Observers F=3.99; p<.001), time and dose×time 

interactions (all p<.0001). For participant ratings, the specific symptoms of “skin itchy” and 

“energetic” also achieved statistical significance (p <.05); while the observers rated 

significant dose effects for “skin itchy,” “relaxed,” “talkative” and “good mood” (p<.05). 

The peak score data for these composite measures are shown in Figure 2 (upper panels). All 

active doses produced modest but significant elevations in ratings compared to placebo by 

the subjects, whereas all but BUP 2 and BUP/NX 2/0.5 were significantly different from 

placebo for observer-rated scores (statistical outcomes in legends).

The visual analog ratings also revealed significant positive mood effects as a function of 

dose. Ratings for “good drug effect,” “high” and “liking” all produced significant main 

effects of dose, time and dose×time interactions. The time course data for “good drug effect” 

appear in Figure 3 (upper panels). In general, all active doses increased good drug effect 

ratings with oxycodone reliably producing the highest values. For both BUP and BUP/NX, 

while the 16 mg & 16/4 mg doses tended to produce the highest ratings, there was little 
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separation among the doses. Peak data for “liking” (prototypic abuse liability measure; Fig. 

2 middle left) revealed that all conditions, except for 2 mg BUP and 8 mg BUP/NX) 

produced ratings significantly greater than placebo (p<.05). Peak ratings on VAS effects 

were not reliably dose-related in most instances.

The global measure “any drug effect” shown in Figure 2 (middle right) shows the general 

magnitude of drug effect. Ratings for all active doses (except for BUP 2 mg and BUP/NX 2 

mg) were significantly greater than placebo. There was a significant main effect of dose for 

ratings of “Desire for opioids” (F[7,70]=2.42; p=.028) with all active doses reducing desire. 

Peak street value estimates revealed that both oxycodone 60 mg ($23.86) and BUP 8 mg 

($20.46) were valued significantly (p<.05) higher than placebo ($4.18); while lower 

estimates were obtained for all other doses (BUP 2 mg = $9.9; BUP 16 mg = $15.46; BUP 

2/0.5 mg = $9.27; BUP 8/2 mg = $8.46; BUP 16/4 mg =$13.09). The drug identification 

questionnaire (using the most frequently provided answer within each session) revealed that 

all subjects identified oxycodone and BUP 8 mg as an opioid agonist. BUP 2 mg, BUP/NX 

2/0.5 mg and BUP 16 mg were identified as an opioid agonist by about 2/3 and as placebo 

by about 1/3 of the volunteers. Both BUP/NX 8/2 mg and 16/4 mg were identified primarily 

as an opioid agonist, but was identified as an opioid antagonist by three and one subject(s), 

respectively.

The time course analyses for opioid withdrawal measures revealed significant main effects 

of dose, time and dose×time interactions by both the observers and subjects. For example, 

significant dose×time interactions were observed for the Himmelsbach (F[84,840]=2.15; p<.

001) and OOWS scales (F[84,840]= 2.48; p<.001). Individual items for which significant 

effects were identified included “watery eyes,” “runny nose,” “yawning,” “sneezing,” 

“shaky hands,” “chills/gooseflesh” (p<.05). The VAS ratings of “bad effects” (Figure 3; 

lower panels) exhibit a similar profile that distinguishes BUP and BUP/NX as BUP/NX 

produces transient but significantly increased ratings of “bad effects” within the first hour. 

Peak ratings for subject-rated withdrawal (Figure 2, lower left) show reduction of 

withdrawal by oxycodone and increased withdrawal by BUP/NX 8/2 mg compared to BUP 8 

mg. For the Himmelsbach (Figure 2 lower right), all active doses reduced withdrawal 

compared to placebo, while BUP/NX 8/2 mg produced greater withdrawal compared to BUP 

8 mg.

To explore these early observed differences, the first hour after dosing was analyzed for 

select opioid agonist outcomes. Findings for VAS ratings of “High” are shown in Figure 4 

(upper panel) and reveal that the onset of BUP effects can be seen 5 min after insufflation, 

whereas the onset of BUP/NX is delayed for ~30 minutes. VAS ratings for “Opioid 

Withdrawal” in Figure 4 (middle panels) show significant increases in withdrawal for 8/2 

and 16/4 compared to 8 and 16 emerging soon after insufflation.

3.3.2. Physiological Outcomes—Pupil diameter was significantly reduced by all active 

doses compared to placebo based upon the time course analysis (F[7,70]=15.02; p<.0001). 

Data for the first hour after dosing are shown in Figure 4 (lower panel) to show the 

separation between BUP and BUP/NX whereby the miotic effects of BUP occur earlier and 

to a greater degree than after BUP/NX for doses higher than 2 mg. Respiratory rate was 
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significantly altered as a function of dose (F[7,70]=3.67; p=.002) and time (p<.0001) based 

upon the time course analysis. While there was a trend for expired CO2 to increase as a 

function of dose condition, only the main effect of time reached significance 

(F[18,180]=4.19; p<.001). For all three measures, Tmax for all active doses was achieved 

between ~ 1.5 – 2 hours post-dosing.

3.4. Progressive Ratio Self-administration

Of the 88 total progressive ratio sessions, there were 13 sessions when participants 

completed all seven ratios for the same reinforcer (7 instances for money, 6 instances for 

drug). In all sessions (with one exception), participants worked for drug, money or a 

combination of both. Thus, for the majority of sessions (74 of 88), participants distributed 

their responding between the two available reinforcers.

Figure 5 depicts the results from the PR sessions with the number of trials worked for drug 

(upper panel) and trials not worked (lower panel). For number of trials worked for drug, 

there was a significant main effect of dose (F [7, 70] =4.7; p < .0001). Placebo engendered 

modest responding whereby 2 of 11 subjects worked for drug (three trials each). Oxycodone 

(60 mg) and all active BUP doses produced statistically significant increases in responding 

compared to placebo (p<.05), while no BUP/NX doses were statistically different from 

placebo. Moreover, BUP 8 mg produced significantly greater responding compared to 

BUP/NX 8/2 mg. For trials not worked, oxycodone and BUP 2 and 8 mg were associated 

with fewer trials not worked compared to placebo, while 8 BUP and 8/2 BUP/NX differed 

significantly from one another (Fisher’s LSD; p<.05). There were no significant main effects 

of dose for number of trials worked for money or amount of money earned.

4. DISCUSSION

This inpatient study examined a range of intranasal BUP and BUP/NX doses in opioid-

dependent individuals maintained on the short-acting opioid, oxycodone, to assess opioid 

agonist and antagonist effects, reinforcing efficacy and safety. It was hypothesized that 

higher doses (e.g., 16/4) of BUP/NX would potentially precipitate robust and frank 

withdrawal (Stoller et al., 2001; Walsh et al., 1995) and, thus, a priori safety criteria were set 

to preclude dose escalation to ensure the safety and comfort of participants. Surprisingly, 

these criteria were never met, and all subjects were able to safely tolerate all BUP and 

BUP/NX dose challenges. However, the pharmacodynamic data are very revealing with 

regard to the effects of naloxone when given in combination with BUP, suggesting that 

intranasal naloxone exerts meaningful effects by both eliciting modest and transient 

unpleasant effects related to opioid withdrawal and delaying the early onset of the agonist 

effects of BUP, both of which may contribute to the observation here that intranasal 

BUP/NX was self-administered to a lesser extent than matched doses of BUP.

Studies with opioid-dependent participants have used a wide array of opioid maintenance 

drugs/doses to stabilize enrollees, including methadone, buprenorphine, morphine and 

hydromorphone. However, we are unaware of other studies that have employed oxycodone 

for this purpose. Here, oral oxycodone was employed at 30 mg/qid, as it is a commonly 

abused prescription opioid (Cicero et al., 2013). This was well tolerated with only one 
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participant leaving early because of spontaneous opioid withdrawal. The regimen also 

produced measurable opioid dependence based upon naloxone challenge results (Figure 1). 

Omission of two doses before Sample Sessions produced modest opioid withdrawal and was 

chosen to mimic the scenario whereby an individual may not have access to their usual 

opioid and misuse BUP as a substitute. It is likely that more profound intranasal BUP and/or 

BUP/NX withdrawal may have resulted had the omission period been shorter and greater 

amounts of oxycodone were present (CSAT, 2004).

The dose response curves for both BUP and BUP/NX were not reliably dose-dependent (see 

Figure 2), and, relying on the statistical outcomes, the dose associated with the greatest 

abuse liability was the 8 mg BUP dose, with the 16 mg BUP frequently producing ratings of 

lower magnitude. Moreover, despite the broad range of test doses (8-fold), the dose-

functions were often overlapping without great separation among the doses for some 

outcomes (see Fig. 2, 3). It is unclear whether these findings are attributable to BUP’s partial 

agonist profile, frequently expressed as reaching a ceiling effect (Cowan et al., 1977; Walsh 

et al., 1994). This seems plausible as, in many instances, the effects of intranasal oxycodone 

(60 mg), a full opioid agonist, exceeded those of BUP and BUP/NX both in producing direct 

agonist effects and suppressing spontaneous withdrawal during the Sample sessions (Figure 

2).

Similar to the findings by Jones and colleagues who studied opioid-dependent subjects 

maintained on buprenorphine itself (Jones et al., 2015), BUP/NX was less reinforcing and 

produced some dysphoric/unpleasant effects compared to BUP in the present study in 

individuals maintained on a short-acting opioid. Here, the self-administration data revealed 

that, while only oxycodone (60 mg) and all BUP doses elicited drug taking that was 

significantly greater than placebo, BUP/NX was always chosen (and worked for) less than 

the same dose of BUP alone (significantly so for the 8/2 mg dose) and did not differ from 

placebo. The time course data suggest that the intranasal absorption of naloxone produced 

two effects of interest. First, the presence of naloxone was sufficient to delay the early onset 

of BUP’s opioid agonist effects, which were delayed in comparison to those of BUP alone 

(Figure 4). The delay in onset of positive mood effects is meaningful because it is widely 

recognized that the speed of onset of drug action is positively related to abuse potential 

(Abreu et al., 2001; de Wit et al., 1992, 1993). It is interesting to note in our earlier study 

examining intranasal BUP and BUP/NX in non-dependent opioid abusers that these same 

naloxone doses did not appreciably alter the response to BUP/NX compared to BUP (only 2 

and 8 mg were tested). Second, naloxone did, indeed, produce modest but significant 

increased subjective ratings of bad drug effects and opioid withdrawal and increased 

observer ratings of withdrawal (Figures 2 & 3) that were consistent with naloxone’s short 

duration of action (Berkowitz, 1976; Watson et al., 1998), suggesting that naloxone-

precipitated withdrawal occurred within minutes of insufflation and was readily detected by 

participants. In summary, this study demonstrated that in individuals dependent on short-

acting opioids 1) oral oxycodone can be employed safely as a maintenance regimen, 2) 

intranasal BUP and BUP/NX both produce opioid-agonist like effects in this population that 

are not reliably dose-related, and 3) that the absorption of naloxone by the intranasal route is 

sufficient to produce withdrawal-like symptoms and blunt the onset of agonist effects, both 

of which are transient. The antagonist properties of intranasal BUP/NX may account for the 
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finding that BUP/NX was less preferable than BUP in the self-administration procedure. 

Overall, these data confirm that intranasal BUP/NX has some abuse deterrent properties that 

decrease its positive subjective effects and reinforcing efficacy compared to intranasal BUP.
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Highights

• Inpatient study examined persons dependent on short-acting opioids

• Intranasal (IN) buprenorphine/naloxone (BUP/NX) precipitated opioid 

withdrawal

• IN naloxone slowed the onset of buprenorphine’s opioid agonist effects

• Buprenorphine was self-administered more than BUP/NX

• IN BUP/NX has lower abuse potential and reinforcing efficacy than 

buprenorphine
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Figure 1. 
Mean peak data (n=11; ± 1 SEM) are shown for four measures of opioid withdrawal 

comparing placebo (white bars) versus naloxone (0.2 mg, i.m.; black bars). Significant main 

effects of drug condition (placebo vs. naloxone; designated by the asterisk *) were found for 

all four measures (df=10) as follows: “Bad Effects” (t=3.43; p=.006), Opiate Withdrawal (t= 

−2.74; p =.021), OOWS Score (t= −3.3; p=.008) and pupil diameter (t= −5.47; p<.001).
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Figure 2. 
Mean peak data (n=11; ± 1 SEM) are shown for six measures reflecting opioid agonist 

effects, abuse potential and opioid withdrawal from the subjects and observers after 

intranasal administration of placebo (diamond), oxycodone (triangle), BUP alone (square) 

and BUP/NX (circles). For all measures, there were statistically significant main effects of 

dose as follows: Subject-rated Agonist Scale (upper left; F [7, 70] = 5.43; p<.0001), 

Observer-rated Agonist Scale (upper right; F=3.86; p=.001), the VAS “How much do you 

LIKE the drug?” (center left; F=3.48; p=.003), the VAS “Do you feel any DRUG EFFECT?” 

Walsh et al. Page 16

Drug Alcohol Depend. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(center right; F=3.81; p=.002), Subject-rated Withdrawal Scale (lower left; F=2.45; p=.027) 

and the observer-rated Himmelsbach Scale (lower right; F=3.41; p=.003). Filled symbols 

indicate significant post-hoc differences between active doses and placebo; asterisks (*) 

indicate significant difference between matched doses of BUP vs. BUP/NX (Fisher’s LSD 

test, p<.05).
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Figure 3. 
Data shown depict the time-action curves for mean data (n=11; error bars omitted for clarity) 

collected during the 6.5 hour Sample sessions for two visual analog scales: Does the drug 

have any GOOD EFFECTS? (upper panels) and Does the drug have any BAD EFFECTS? 

(lower panels). On the left side, data are shown for the control conditions (placebo & 60 mg 

oxycodone) and the BUP doses while, on the right side, data are repeated for the control 

conditions and shown with the BUP/NX doses. For ratings of “good effects” there was a 

significant main effect of dose (F[7,70]=4.12; p=.001) and dose×time interaction (F[126, 

160]=2.22; p<.0001). For ratings of bad effects, there was a significant main effect of dose 

(F=2.46; p=.026) and dose×time interaction (F=1.8; p<.0001). For both outcomes, there 

were significant main effects of time (p<.05). Filled symbols indicate significant differences 

between matched BUP vs. BUP/NX doses (e.g., 8 versus 8/2 at that time; Fisher’s LSD test; 

p<.05).
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Figure 4. 
Shown for mean (n=11) data for VAS ratings of “How HIGH are you?” (upper panel), pupil 

diameter (middle panel) and VAS ratings of “How severe is your OPIOID 

WITHDRAWAL?” for baseline (BL) and the first hour after intranasal placebo (triangles) or 

matched doses of BUP (circles) and BUP/NX (squares). For each outcome, there was a 

significant main effect of dose as follows: (“High?” (F[7,70]=6.61; p<.0001); pupil diameter 

(F[7,70]=17.43; p<.0001), “Opioid Withdrawal” (F[7,70]=3.01; p=.008). Filled symbols 

indicate a significant difference at that time point between the matched dose of BUP and 

BUP/NX (Fisher’s LSD test, p<.05).
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Figure 5. 
Data are shown for the mean (n=11) number of trials completed (± 1 SEM) to earn the study 

drug during the progressive ratio sessions (upper panel) and number of trials not worked 

(lower panel). Significant main effects of dose were found for both outcomes (F[7,70]=4.71; 

p<.001 trials completed for drug and (F [7, 70] =2.9; p = .010) trials not worked, 

respectively. Asterisk (*) indicates significant difference from placebo, while hash (#) 

indicates significant difference between matched BUP and BUP/NX doses (Fisher’s LSD; 

p<.05). Number of trials worked for money can be derived by adding trials worked for drug 
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with trials not worked for a given condition and subtracting that total from 7 (the total 

possible trials within a session).
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Table 1

Study timeline for data collection for each of the three types of experimental sessions.
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