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Abstract

In spite of the clinical utility of buprenorphine, parenteral abuse of this medication has been
reported in several laboratory investigations and in the real world. Studies have demonstrated
lower abuse liability of the buprenorphine/naloxone combination relative to buprenorphine alone.
However, clinical research has not yet examined the utility of the combined formulation to deter
intranasal use in a buprenorphine-maintained population. Heroin-using volunteers (n = 12) lived in
the hospital for 8-9 weeks and were maintained on each of three sublingual buprenorphine doses
(2, 8, 24 mg). Under each maintenance dose, participants completed laboratory sessions during
which the reinforcing and subjective effects of intranasal doses of buprenorphine (8, 16 mg),
buprenorphine/naloxone (8/2, 8/8, 8/16, 16/4 mg) and controls (placebo, heroin 100 mg, naloxone
4 mg) were assessed. Intranasal buprenorphine alone typically produced increases in positive
subjective effects and the 8 mg dose was self-administered above the level of placebo. The
addition of naloxone dose-dependently reduced positive subjective effects and increased aversive
effects. No buprenorphine/naloxone combination dose was self-administered significantly more
than placebo. These data suggest that within a buprenorphine-dependent population, intranasal
buprenorphine/naloxone has reduced abuse potential in comparison to buprenorphine alone. These
data strongly argue in favor of buprenorphine/naloxone rather than buprenorphine alone as the
more reasonable option for managing the risk of buprenorphine misuse.
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Introduction

Buprenorphine (Bup) is a partial mu opioid agonist and kappa antagonist used as a
maintenance medication to reduce the morbidity and mortality associated with opioid abuse
and dependence (Mattick et al. 2008). Sublingual (SL) buprenorphine maintenance is one of
the most commonly utilized treatments for opioid abuse around the world (Auriacombe et
al. 2004; Carrieri et al. 2006; Malinoff et al, 2005; Maxwell et al. 2010). Like other mu
agonists, Bup has the potential to be abused. However, its abuse potential can vary
substantially depending on route of administration and state of opioid dependence (Jasinski
et al., 1978; Comer et al. 2008; Mello & Mendelson, 1985, Umbricht et al. 2004; Walsh et
al. 1994, 1995). Several studies have shown that with parenteral administration, Bup
produces effects similar to full mu agonists and is self-administered (Bedi et al. 1998;
Comer et al. 2002, 2005, 2010; Duke et al. 2010; Middleton et al. 2011; Strain et al. 1997;
Zacny et al. 1997).

Consistent with laboratory findings suggesting that Bup does have abuse potential, several
regions of the world have noted Bup abuse including: Australia (Jenkinson et al. 2005;
Nielsen et al. 2007), Europe (Alho et al. 2007; Auriacombe et al. 2004; Carrieri et al. 2006;
Hakansson et al. 2007; Obadia et al. 2001; Vidal-Trecan et al. 2003), South East Asia (Chua
& Lee, 2006; Horyniak et al. 2011; Lee 2006; Vicknasingam et al. 2010) and the U.S.
(Nordmann et al. 2012; Young et al. 2010). To address this concern, the opioid antagonist
naloxone (Nal), which has low sublingual bioavailability, was combined with Bup in a 4:1
ratio (Suboxone) to reduce its abuse liability. The addition of naloxone is intended to
discourage misuse of Bup by parental routes by either precipitating withdrawal or through
direct antagonist effects (Preston et al. 1990).

Several clinical studies have sought to determine if, in fact, naloxone does decrease the
abuse liability of Bup. Duke and colleagues (2010) administered various Bup/Nal dose
combinations via the intramuscular (IM) and SL (4/1, 8/2, and 16/4 mg) routes to non-
dependent opioid users. Their study found no evidence that the inclusion of naloxone altered
the positive subjective effects of IM Bup. Middleton and colleagues (2011) tested five
intranasal (IN) doses [Bup (2, 8 mg), Bup/Nal (0/0, 2/0.5, 8/2 mg)] and one intravenous (1V)
dose (0.8/0.2 mg) among non-dependent opioid users. Both formulations produced increases
in subjective and physiological effects, suggesting that the addition of naloxone did little to
alter the abuse liability of Bup in individuals who are not dependent on opioids.

Mendelson and colleagues (1999) examined the subjective experience of intravenous
Bup/Nal (2/1, 2/0.5, 2/0.25 mg) in morphine-maintained volunteers (1M, 60 mg/day).
Among these opioid-dependent participants, they found that Bup/Nal (2/1 and 4/1 mg)
produced significant increases in opiate withdrawal, bad drug effect, and sickness, while
Bup/Nal (8/1 mg) produced mild withdrawal (see also Fudala et al. 1998 and Mendelson et
al. 1996). Stoller and colleagues (2001) studied the effects of IM and SL Bup/Nal (1/0.25,
2/0.5, 4/1, 8/2, 16/4 mg) in hydromorphone-maintained participants (oral, 40 mg/day).
Sublingual Bup/Nal produced no opioid antagonist effects, but IM Bup/Nal did produce
dose-related antagonist effects. In methadone-maintained participants, IV Bup/Nal but not
Bup alone precipitated withdrawal (Mendelson et al. 1997). Combined, the literature
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appears to indicate that in individuals who are dependent on morphine, hydromorphone, or
methadone, parenteral Bup/Nal can precipitate withdrawal and it has less abuse liability than
Bup alone.

In contrast to their ability to precipitate withdrawal in individuals dependent on methadone
or shorter-acting opioids, parenteral Bup and Bup/Nal do not precipitate withdrawal in Bup-
maintained individuals (IM Bup, Strain et al. 1997; IV Bup, Comer et al. 2010). However,
IV administration of the Bup/Nal combination did produce less robust positive subjective
effects, increased aversive effects, and was self-administered less than Bup alone in Bup-
maintained individuals. Despite reports that Bup is abused intransally, investigators have yet
to address how naloxone alters the abuse liability of Bup when the combination is
administered in this manner to a Bup-dependent population (Hakansson et al. 2007;
Nordmann et al. 2012; Roux et al. 2008; Young et al. 2010). Therefore, the purpose of the
present study was to test the abuse liability of intranasal (IN) Bup/Nal compared to IN Bup
in heroin users under varying doses of SL Bup maintenance.

Participant Selection and Qualification

Participants were recruited from the New York City metropolitan area through various print
media advertisements. Respondents who met study inclusion/exclusion criteria, based upon
the initial telephone interview, were scheduled to come to the New York State Psychiatric
Institute for additional screening procedures. Screening consisted of both self-report and
clinical interviews administered by a team of research assistants, psychologists, nurses, and
physicians. Assessments were made of drug use, general health, and medical history, and
multiple laboratory tests (hematology, blood chemistry panel, liver and thyroid functioning,
urinalysis, syphilis serology) were performed. Rapid urine drug screens assessed recent use
of opioids, cocaine, benzodiazepines, cannabinoids, and amphetamines.

Participants were required to be physically and mentally healthy intravenous or intranasal
heroin users between the ages of 21 and 55 years. All participants were required to meet
DSM-IV criteria for opioid abuse. Potential participants were excluded from the study if
they were seeking treatment for their drug use, physiologically dependent on alcohol or
illicit drugs (other than opioids), or had a severe Axis | psychiatric diagnosis (other than
opioid, nicotine or caffeine dependence).

Participants resided on a locked inpatient unit during the study. During the first week after
admission, they were stabilized on 2 mg sublingual Bup, which was administered once
daily, at approximately 2000 hrs. During the first week after admission into the hospital,
participants were treated for emergent withdrawal symptoms with various supplemental
medications until withdrawal symptoms dissipated based on self-report and observer ratings.
During the second week after admission into the hospital, while still being maintained on 2
mg SL Bup, participants completed a qualification phase of the study. During this phase,
they were given each of 4 active IN Bup doses in ascending order (2, 4, 8, and 16 mg). One
dose was tested on each day, and a placebo (Pbo, 0 mg) dose was randomly inserted into this
order. Participants then completed sample and choice self-administration laboratory
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sessions, described in detail below. Participants who self-administered more active Bup than
placebo were allowed to continue with the study. The qualification phase ensured that we
sampled a population of heroin users in which we could demonstrate the reinforcing effects
of Bup. Following completion of subsequent study procedures, participants were discharged
from the hospital, and provided with referrals for drug treatment if they were interested.
Opioid detoxification on the inpatient unit was also available to all participants at the end of
the study.

As compensation, participants were paid $25/day with a $25/day bonus for completing the
study. In addition to the per diem payment, participants had the opportunity to earn money
during the experimental sessions ($20 per sample session plus up to $20 per self-
administration session). All study procedures were approved by the Institutional Review
Board of the New York State Psychiatric Institute.

Principal Study Design

This within-subjects investigation was placebo-controlled and conducted under double-blind
conditions. The dosing order of the 9 IN challenge drugs/doses, as well as the order of the 3
maintenance doses, was determined using a nested Latin-square randomization procedure.
The IN challenge drugs/doses were: placebo, naloxone (4 mg), heroin (100 mg), Bup (8, 16
mg), and buprenorphine/naloxone (8/2, 8/8, 8/16, 16/4 mg). By using these Bup and
Bup/Nal challenge doses, we hoped to determine whether different Bup-to-Nal dose ratios
were more effective than the currently approved 4:1 ratio in deterring IN Bup abuse. By
manipulating the dose ratio of Bup-to-Nal, we also hoped to learn more concerning how
naloxone deters IN abuse i.e., through precipitating withdrawal, direct opioid antagonist
effects, or both. Challenge doses were administered at approximately 1100 hrs during the
morning sample session and again at approximately 1500 hrs during an afternoon choice
session. Only a single IN challenge drug/dose was tested each day. In order to gather data on
the interaction between the challenge drug and the maintenance drug, each of the IN doses
was tested under each of three SL Bup maintenance conditions (2, 8, 24 mg). We allowed
for 5-7 days of stabilization on each SL dose prior to testing the IN doses (Figure 1).
Administration of the SL Bup maintenance dose occurred at 2000 hrs each evening. These
SL doses were not adjusted (increased or decreased) as a function of the challenge drug
administered earlier that day.

Sample and Choice Self-Administration Procedure—Testing consisted of two types
of laboratory sessions: sample and choice. At approximately 1000 hrs participants were
brought to the laboratory to complete a sample session. Forty minutes (min) prior to drug
administration, physiological monitoring began. A pulse oximeter continuously measured
arterial oxygen saturation (%SpO,); heart rate, systolic blood pressure, and diastolic blood
pressure were measured every five minutes throughout the session. Participants received full
doses of the IN challenge drug and money (U.S. $20) at 0 min, which occurred at
approximately 1100 hrs. Participants were instructed to insufflate the entire dose through a
plastic straw within a 30-second period in one or both nostrils. Shown in Table 1 are the
time points at which right eye pupil diameter was measured, blood was collected and
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participants completed subjective effects batteries and performance tasks. At the end of the
sample session, participants returned to the inpatient unit where they received lunch.

At approximately 1400 hrs participants were brought to the laboratory to complete a choice
session. The baseline assessments during each choice session were identical to those used in
the sample session; participants then completed a self-administration task to receive portions
of the dose of drug or money they had sampled earlier in the day (0 to 100%, in increments
of 10%). Participants were told that they could work for all or part of the sampled dose or
the sampled money amount by choosing the drug or money option each time a choice was
available. The alternative money value (U.S., $20) was chosen based on previous studies
conducted in our laboratory (Comer et al. 1997). Drug and money were available at each
choice trial. Thus, if the dose for that day was 16 mg, at each opportunity participants could
respond for 1.6 mg (10% of 16 mg) or $2 (10% of $20). Completion of the ratio requirement
for each choice trial was accompanied by a visual stimulus on the computer screen. After a
choice was made for one option, by clicking on its visual representation on the computer
screen, responding for the other option was not possible until the ratio was completed and
another trial was initiated. Responses to complete the ratio requirement consisted of finger
presses on a computer mouse. The operant response requirement for each of the two options
increased independently. The initial ratio requirement for each option was 50 responses,
which then increased progressively each time the option was selected (50, 100, 200, 400,
800, 1200, 1600, 2000, 2400, and 2800). At the end of the self-administration task
(approximately 1600 hrs), the participant received whatever (s)he had chosen. Money was
added to their study payment, and the IN drug was given to the participant for nasal
insufflation while under observation by a physician.

Tasks and Measures

Subjective Effects—Three questionnaires were used to assess subjective drug effects and
opioid withdrawal symptoms. A 26-item visual analog scale (VAS) was used to assess
subjective and physiological drug effects such as “I feel a good effect” and “I feel high”.
Participants rated each item on the scale from *Not at all’ (0 mm) to ‘Extremely’ (100 mm).
In addition, a 6-item drug effects questionnaire (DEQ) was used to measure drug effects
(strength of drug effects, good effects, bad effects, willingness to take the drug again, drug
liking, and similarity to other drugs). Participants selected among a series of possible
answers ranging from 0 (‘No Effect’) to 4 (“Very Strong Effect”), except for the drug liking
questionnaire, which ranged from —4 (‘Dislike Very Much’) to 4 (‘Like Very Much’). The
Subjective Opioid Withdrawal Scale (SOWS) was used to identify the presence and severity
of opioid withdrawal symptoms (Handelsman et al. 1987).

Participants also completed a questionnaire designed to assess specific aspects of how their
nose and throat felt after each intranasal drug administration (Middleton et al. 2011).
Participants rated the presence of 9 sensations such as “burning,” “stinging,” and “pain” on a
scale from 0 (Not at all) to 4 (Extremely). Because this questionnaire was added later in the
study, for exploratory purposes, only 6 of the 12 participants completed it.
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Performance effects—The performance battery consisted of two tasks: a 10-min divided
attention task (DAT) and a 3-min digit-symbol substitution task (DSST). Custom-made
software was used for these performance tasks (see Comer et al. 1999 for details). The
divided attention task consisted of concurrent pursuit-tracking and vigilance components.
Participants tracked a moving stimulus on the video screen using the mouse and also
signaled when a small black square appeared at any of the four corners of the video screen.
The distance between the cursor and moving stimulus was measured, as was the speed of the
moving stimulus (with greater accuracy, the stimulus moved at a faster rate). The digit-
symbol substitution task consisted of nine 3-row by 3-column squares (with one black
square per row) displayed across the top of the computer screen. A randomly generated
number indicated which of the nine patterns should be emulated on a keypad by the
participant on a particular trial. Participants were required to emulate as many patterns as
possible by entering the pattern associated with randomly generated numbers appearing on
the bottom of the screen. Prior to testing for the main study, participants would have
encountered the performance tasks twice, during a mock lab session performed while
screening and during the qualification session.

Physiological Measures—Miosis was assessed as a physiological indicator of mu
agonist effects using a NeurOptics™ Pupillometer under ambient lighting conditions. For
safety, a pulse oximeter continuously monitored oxygen saturation (%Sp02) during
sessions, while respiration (breaths per minute), heart rate, and blood pressure (systolic and
diastolic) were measured every 5 minutes. Supplemental oxygen also was provided
throughout the session.

Pharmacokinetic Measures and Blood Sample Collection—Pharmacokinetic
parameters for Bup, its metabolite norbuprenorphine (NorBup), and naloxone were also
quantified as study outcome measures (Cmax: mean peak concentration achieved, Tmax:
mean time to reach peak concentration, and AUCqy_gomins: mean area-under-the curve from
dose administration (time 0) to 90 min after dose administration). Throughout the sample
session, blood (~8 ml/sample) was collected from an intravenous catheter (catheters could
remain in place for up to 96 hours). The window of observation and time points of the
pharmacokinetic assessments closely followed those of the subjective measures in order to
observe how changes in plasma Bup and Nal concentrations were related to changes in
subjective effects. Whole blood was collected in tubes containing 15% EDTA and
centrifuged. Plasma was separated and frozen at =70°C. Frozen plasma samples were
batched and transferred to Worldwide Clinical Trials for analysis. The lower limits of
quantitation for Bup, NorBup, and naloxone were 0.025 ng/ml, 0.2 ng/ml and 1.0 pg/ml
(respectively).

Drugs—Bup tablets (2 mg) for SL administration, and buprenorphine hydrochloride (HCI)
powder and naloxone HCI powder for IN administration were provided by Reckitt Benckiser
Pharmaceuticals, Inc. (Richmond, VA) through the Research Triangle Institute. The doses
used were chosen based on previous studies of Bup conducted in our laboratory as well as in
other laboratories (Comer & Collins 2002; Comer et al. 2005, 2010; Middleton et al. 2011;
Umbricht et al. 2004). Heroin HCI powder was obtained from Macfarlan Smith Limited
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(Edinburgh, Scotland, UK). Intranasal placebo consisted of 100 mg lactose powder. A
constant weight of 100 mg of drug and/or lactose was used for all IN dose administrations in
order to maintain the blind. All intranasal doses were insufflated through a plastic straw
within 5-10 seconds. Naloxone HCI solution for IM administration to confirm opioid
dependence during screening was obtained from International Medication System Limited
Amphastar (South EImonte, CA). IM naloxone was administered in doses between 0.2-0.8
mg prior to admission into the study. All test drugs were prepared by the New York State
Psychiatric Institute Pharmacy and administered by a physician.

Statistical Analyses

An omnibus repeated-measures analyses of variance (ANOVA) was first used to compare
peak or trough drug effects as a function of the nine IN Dose conditions (IN Dose) and the
three SL Bup maintenance conditions (SL Dose). Separate univariate ANOVAs compared
each of the nine IN drug effects within each SL dosing condition. Univariate ANOVAs were
also utilized to compare drug effects among the nine IN challenge doses, summed across the
SL doing conditions. Post-hoc tests were performed between the individual IN doses to
determine where significant differences occurred.

In order to examine the time course of drug effects, ANOVAs were used to assess
differences among the 9 IN challenge drugs over the various time points throughout a
session. An a of p<0.05 was considered statistically significant, while p<0.10, was
considered as trending towards significance. All data analyses were performed using SPSS
version 18 (SPSS 2009) and SuperANOVA (Gagnon et al. 1990).

Results

Participants

Twenty-seven participants were enrolled into the study. Eleven participants either
voluntarily withdrew from the study or were dropped by the investigators due to a number of
factors including: elevated liver function tests (n = 2), participants’ legal/personal issues (n =
5), and disgruntlement with the unit or duration of the inpatient period (n = 4). Four
participants were dropped from the study after they failed to meet study entry criteria during
the qualification phase.

Complete data sets were obtained from 12 participants for inclusion in this analysis (11M,
1F; 5 White, 3 Black, 3 Latino, 1 Multiracial). The mean age of this sample was 41.4 years.
All participants enrolled in the study were daily heroin users. The majority (7) of study
completers were intranasal heroin users, 3 reported current intravenous heroin use, and 2
used heroin through both routes. The mean duration of heroin use was 18.8 years (range: 1—
36 years), the mean daily amount spent on heroin was $56.40 (range: $20- $150), and
participants used an average of 7.9 bags per day (range: 1.5-30). According to the latest
information from the U.S. Drug Enforcement Administration (DEA), heroin in NYC cost an
average of $0.99 per mg pure (DEA, 2013). As our participants report an average heroin
price of ~$10 per bag, we roughly estimate that a bag consists of ~10mg of pure heroin.

Addict Biol. Author manuscript; available in PMC 2016 July 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jones et al.

Page 8

In addition to daily heroin use, 11 completers were daily tobacco smokers (they were
allowed to smoke immediately before the sample session and after the choice session), 9
were regular cocaine/crack users (“a few times a week”), 5 were occasional alcohol drinkers
(“a few times a month” or more without meeting criteria for dependence), and 3 were
occasional marijuana users (“a few times a month”). (Ab)use of prescription opioids,
benzodiazepines, hallucinogens and amphetamines was also reported, but use of these drugs
was very sporadic.

Positive Subjective Effects

Peak VAS and DEQ measurements of positive subjective effects were significantly
increased following IN heroin administration (under all SL Bup dosing conditions).
Significant increases were seen following IN Bup administration, though this effect was
attenuated with larger SL Bup doses. None of the IN Bup/Nal combinations, or IN naloxone
alone, produced any observable positive subjective effects. Details of the analyses for each
of the individual measures are below.

Omnibus ANOVA found no overall significant SL dose x IN dose interaction on peak VAS
ratings of “Good” effect (p=0.35), though some differences were found among the SL
dosing conditions. When participants were maintained on 2 mg SL Bup, IN doses of heroin
(100 mg) and Bup alone (8, 16 mg) significantly increased peak VAS ratings of “Good”
effect when compared to placebo, (p<0.001, p<0.01, p<0.01, respectively; Figure 2). None
of the Bup/Nal dose combinations differed significantly from placebo on this measure. This
pattern of results differed slightly when participants were maintained on 8 mg SL Bup:
while IN heroin significantly increased “Good” drug effect (p<0.001), the effects of the 8
mg dose of Bup alone only approached significance (p<0.10) and no significant effect of
Bup 16 mg was found. None of the Bup/Nal dose combinations differed significantly from
placebo on this measure. When participants were maintained on 24 mg SL Bup, heroin
continued to significantly increase ratings on this measure (p<0.01) along with Bup alone (8
mg, 16 mg, p’s<0.05). None of the Bup/Nal dose combinations differed significantly from
placebo on this measure.

Omnibus ANOVA found no significant SL dose x IN dose interaction on the VAS ratings of
“High” (p=0.39). When participants were maintained on 2 mg SL Bup, IN doses of heroin
(100 mg) and Bup alone (8, 16 mg) significantly increased peak ratings of “High” when
compared to placebo (p<0.001, p<0.01, p<0.05, respectively). None of the Bup/Nal dose
combinations differed significantly from placebo on this measure, though the effects of the
8/2 mg dose did approach significance (p<0.10). When participants were maintained on 8
mg SL Bup, IN heroin significantly increased reports of “High” (p<0.001), though none of
the Bup alone or Bup/Nal combinations differed significantly from placebo on this measure.
This same pattern was seen when participants were tested under the 24 mg SL Bup
maintenance dose condition.

Omnibus ANOVA found no significant SL dose x IN dose interaction on the VAS ratings of
“lI Would Pay” (p=0.26). When participants were maintained on 2 mg SL Bup, IN doses of
heroin (100 mg) and Bup alone (8 mg, 16 mg) significantly increased peak ratings when
compared to placebo (p<0.001, p<0.001, p<0.05, respectively). None of the Bup/Nal dose
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combinations differed significantly from placebo on this measure. When participants were
maintained on 8 mg SL Bup, IN heroin significantly increased ratings on this measure
(p<0.001), while none of the Bup doses or Bup/Nal dose combinations significantly altered
ratings of how much participants would be willing to pay for the dose. Similar results were
obtained when participants were maintained on 24 mg SL Bup: only heroin significantly
(p<0.001) increased reports of “I Would Pay.”

Omnibus ANOVA found no significant SL dose x IN dose interaction on the VAS ratings of
drug “Quality” (p=0.22). When participants were maintained on 2 mg SL Bup, IN doses of
heroin (100 mg) and Bup alone (8 mg) significantly increased peak ratings when compared
to placebo (p<0.001, p<0.001, respectively). None of the Bup/Nal dose combinations
differed significantly from placebo on this measure. When participants were maintained on 8
mg SL Bup, IN heroin and IN Bup (8 mg) significantly increased ratings on this measure
(p<0.001, p<0.05, respectively), while none of the Bup/Nal dose combinations significantly
altered rating on this measure. This pattern of results was seen again when participants were
maintained on 24 mg SL Bup: only IN heroin (100 mg) and IN Bup (8 mg) significantly
increased peak ratings of drug “Quality” (p<0.001, p<0.05, respectively).

Omnibus ANOVA found no significant SL dose x IN dose interaction on the VAS ratings of
“Liked the Choice” (p=0.18). When participants were maintained on 2 mg SL Bup, IN doses
of heroin (100 mg) and Bup alone (8, 16 mg) and Bup/Nal 8/2 mg significantly increased
peak VAS ratings of “Liked the Choice” when compared to placebo (p<0.001, p<0.001,
p<0.05, p<0.05 respectively). None of the other Bup/Nal dose combinations differed
significantly from placebo on this measure. This pattern of results differed when participants
were maintained on 8 mg SL Bup: IN heroin significantly increased ratings (p<0.001), but
none of the Bup doses or Bup/Nal dose combinations significantly altered rating on this
measure. This pattern of results was also found when participants were maintained on 24 mg
SL Bup: only IN heroin produced a significant effect (p<0.001).

Omnibus ANOVA did find a significant SL dose x IN dose interaction on the DEQ ratings
of “Like” (p<0.05). When participants were maintained on 2 mg SL Bup, IN doses of heroin
(100 mg), Bup alone (8 mg), and Bup/Nal 8/2 mg significantly increased peak ratings of
“Like” when compared to placebo (p<0.001, p<0.001, p<0.05, respectively). Neither the 16
mg IN dose of Bup nor any of the other Bup/Nal dose combinations differed significantly
from placebo on this measure. When participants were maintained on 8 mg SL Bup, IN
heroin significantly increased ratings on this measure (p<0.001), but none of the Bup doses
or Bup/Nal dose combinations significantly altered ratings on this measure. This pattern of
results was also found when participants were maintained on 24 mg SL Bup: only IN heroin
produced a significant effect (p<0.001).

Omnibus ANOVA found a trend for an interaction between the SL Bup dose and the IN
doses on DEQ ratings of “Would Take Again” (p <0.10). When participants were
maintained on 2 mg SL Bup, IN doses of heroin (100 mg) and Bup alone (8 mg)
significantly increased peak ratings when compared to placebo (p<0.001, p<0.01,
respectively). Neither the 16 mg IN dose of Bup nor any of the other Bup/Nal dose
combinations differed significantly from placebo on this measure. Under maintenance on 8
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mg SL Bup, IN heroin significantly increased ratings of “Would Take Again” (p<0.001), but
none of the Bup doses or Bup/Nal dose combinations significantly altered ratings on this
measure. This pattern of results was also found when participants were maintained on 24 mg
SL Bup: only heroin significantly increased reports of “Would Take Again” (p<0.001).

Aversive Subjective Effects

VAS, DEQ and SOWS assessment of aversive subjective effects were significantly
increased following IN naloxone administration (under all SL Bup dosing conditions).
Significant increases in peak aversive effects were only observed after IN administration of
Bup in combination with Nal. However, under some SL maintenance conditions, aversive
ratings of the Bup 16 mg dose did approach and exceed significance. Details of the analyses
for each of the individual measures are below.

Omnibus ANOVA found no significant SL dose x IN dose interaction on peak VAS ratings
of “Bad” drug effect (p=0.28). Under maintenance on 2 mg SL Bup, peak VAS ratings of
“Bad” drug effect increased only after administration of Bup in combination with naloxone
compared to placebo (8/2 mg, p<0.01; 8/8 mg, p<0.01; 8/16 mg, p<0.01; 16/4 mg, p<0.10).
This pattern of results was also obtained in the 8 mg SL maintenance dose condition: peak
VAS ratings of “Bad” drug effect increased only after the administration of Bup/Nal (8/2
mg, p<0.10; 8/8 mg, p<0.001; 8/16 mg, p<0.01; 16/4 mg, p<0.10). In contrast, under the 24
mg SL Bup maintenance dose condition, not only did all of the Bup/Nal dose combinations
increase ratings on this measure, (8/2 mg, p<0.01; 8/8 mg, p<0.001; 8/16 mg, p<0.001; 16/4
mg, p<0.10), but the 16 mg dose of IN Bup alone did as well (p<0.01).

Omnibus ANOVA found no significant SL dose x IN dose interaction on DEQ ratings of
“Bad” drug effect (p=0.45). As shown in Figure 3, when participants were maintained on 2
mg SL Bup, increases in “Bad” drug effect were seen with all of the Bup/Nal combinations
compared to placebo (8/2 mg, p<0.10; 8/8 mg, p<0.01; 8/16 mg, p<0.01; 16/4 mg, p<0.05)
and a trend in that direction was seen with the larger dose of Bup alone (16 mg, p<0.10).
This pattern was observed again with the 8 mg SL Bup maintenance condition: not only did
all of the Bup/Nal combinations increase ratings on this measure (8/2 mg, p<0.05; 8/8 mg,
p<0.001; 8/16 mg, p<0.001; 16/4 mg, p <0.001), and the IN 16 mg dose (p<0.10). This
pattern of results was again found when participants were maintained on 24 mg SL Bup (8/2
mg, p<0.001; 8/8 mg, p<0.001; 8/16 mg, p<0.001; 16 mg, p < 0.05; 16/4 mg, p<0.10). IN
naloxone alone significantly increased VAS and DEQ ratings of “Bad” without significant
variation among the SL dosing conditions (p<.01).

Average SOWS scores prior to the sample sessions, which ranged between approximately 3
and 4 (out of a total possible score of 64), were low and did not differ across the SL dosing
conditions. SOWS scores prior to the afternoon choice session revealed that participants
who received IN naloxone (4 mg) and Bup/Nal (8/16 mg) during the morning sample
session may have still been experiencing mild withdrawal symptoms compared to sessions
where they received placebo during the sample session. Overall however, these SOWS
scores were minimal, ranging between 5-10 across all SL and IN conditions. IN naloxone
alone significantly increased “SOWS” scores (p<.01). However, this effect was significantly
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greater while participants were maintained under 2mg SL Bup when compared to the 24 mg
of SL Bup (p<.05).

Mean peak ratings on all measures can be found in Table 2. These data are collapsed across
the SL maintenance Bup conditions in order to give the reader a sense of the between-dose
differences among the IN challenge drugs.

When asked to rate how their nose and throat felt after each dose was insufflated, none of
the participants reported that any of the drugs were “Difficult to Snort.” The most commonly
reported effects of snorting the drugs were “Burning,” “Tingling,” “Stinging,” “Dry Mouth,”
and “Thirsty.” No significant differences in the prevalence of these effects were observed
among the doses, and all of the participants reporting experiencing only “A Little Bit” of
each. This absence of an effect was consistent across the 3 SL Bup maintenance conditions
(p=0.47).

Reinforcing Effects

Omnibus ANOVA found no significant SL dose x IN dose interaction on progressive ratio
breakpoint (BP) values (p=0.83). Across all of the SL maintenance conditions, heroin
elicited a significant increase in BP compared to placebo (p<0.001). The 8 mg BUP dose
also produced a BP significantly above that of placebo (p<0.05) although this only occurred
under the 2 mg and 8 mg SL Bup maintenance conditions (Figure 4). Across all three SL
Bup maintenance conditions, the BP value for the 16 mg dose of BUP did not significantly
differ from placebo nor did any combination of Bup/Nal. Reinforcing effects examined as a
function of percentage of drug choices (% of the 10 trials on which drug was chosen vs.
money) showed the same pattern of results. IN naloxone alone was not reinforcing under
any SL dosing condition.

Physiological Measures

There was no SL Dose x IN Dose interaction when comparing trough pupil constriction
(p=0.24). In general, Bup alone decreased pupil diameter when compared to placebo, but
increasing the dose of naloxone typically antagonized this effect. When participants were
maintained on SL Bup 2 mg: IN Bup 8 mg (p<0.001), IN Bup/Nal 8/2 mg (p<0.01), Bup 16
mg (p<0.001), and Bup/Nal 16/4 mg (p<0.001), significantly decreased pupil size. Under SL
Bup 8 mg significant miosis was observed for: IN Bup 8 mg (p< 0.05), IN Bup/Nal 8/2 mg
(p< 0.05), and Bup/Nal 16/4 mg (p<0.01). Meanwhile, when maintained on SL Bup 24 mg,
only the IN 8/8 mg dose (p<0.10) altered pupil diameter, leading to an increase that trended
towards significance. When compared to placebo, IN naloxone had no significant effect on
pupil diameter.

Pharmacokinetic Outcomes

Due to concerns regarding participant health (i.e., low hemoglobin levels), we did not draw
plasma samples on 4 of the 12 completers. Therefore, the following data were obtained
using a subset of 8 completers. Mean plasma Bup concentrations peaked 30-45 minutes
post-drug administration, with Bup 16 mg producing the highest plasma levels (p<0.05).
The highest plasma norbuprenorphine (NorBup) concentrations were found at the end of our
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measurement period, approximately 90 minutes following drug administration, but did not
significantly differ among the drug/dose conditions tested. Naloxone plasma concentrations
peaked 15 minutes after dosing and increased dose dependently (p<0.01). Shown in Table 3
are the: Tmax: Cmax and AUCq_gomins for these drugs/doses under each SL maintenance
condition.

Discussion

This study examined the abuse liability of various combinations of intranasal Bup and
naloxone. Specifically, we sought to assess conditions under which the abuse potential of
intranasally administered Bup could be minimized e.g., using a higher SL Bup maintenance
dose, increasing the dose of co-administered Nal, or decreasing the ratio of Bup to Nal. The
current investigation found that intranasal buprenorphine (8 mg, 16 mg) produced
significant increases in positive subjective effects including: drug “Liking,” “High,” “Good’
effect and amount of money participants reported they “Would Pay” for the dose.
Oftentimes, this IN drug effect was only found when participants were maintained on the
lowest SL Bup dose (2 mg). In several cases, when participants were maintained on the
larger SL Bup doses (8 mg, 24 mg), positive subjective effects then failed to differ
significantly from placebo (e.g., “Good,” “Liking,” “High,” “Would Pay” and “Would Take
Again”).

Of all the IN Bup and Bup/Nal combinations tested, the 8 mg Bup dose appeared to have the
most consistent positive subjective effects (across the most measures, and under the most SL
maintenance conditions). The 8 mg Bup dose also failed to produce aversive effects that
differed significantly from placebo (under any SL condition). In contrast however,
significant “Bad” effects were reported with the 16 mg IN Bup dose. This effect was
increasingly pronounced under larger SL Bup maintenance dose conditions. Reports of
significant aversive effects were consistently found when participants received an IN
Bup/Nal combination. In fact, all of the Bup/Nal dose combinations significantly increased
ratings of “Bad” drug effect as measured on both the VAS and DEQ scales.

Only the 8 mg IN dose of Bup was self-administered significantly more than placebo, and
this only occurred under the 2 mg and 8 mg SL Bup maintenance dose conditions. Across all
three SL Bup maintenance dose conditions, the BP value for the 16 mg IN dose of BUP did
not significantly differ from placebo, nor did any dose combination of Bup/Nal. Combined
with the subjective effects data, our findings demonstrate the relatively low abuse liability of
8 and 16 mg intranasal Bup among a Bup-dependent population. The addition of naloxone to
Bup dose dependently attenuated the positive subjective effects of Bup and increased
aversive effects. Larger SL maintenance doses of Bup also appeared to attenuate the positive
subjective effects of IN Bup (8 mg, 16 mg) while increasing the aversive effects (16 mg).
No intranasal Bup/Nal combination was found to produce positive subjective or reinforcing
effects above placebo levels. As such, IN Bup/Nal appears to have less abuse potential than
Bup alone.

Consistent with a previous clinical investigation (Middleton et al., 2011), the present study
demonstrated the abuse potential of intranasal Bup. In their non-dependent opioid-abusing
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participants, 8 mg IN Bup produced peak VAS ratings of “Liking” and “Good” of 46.4 and
39.8 mm, respectively. Among our Bup-maintained participants, peak ratings of “Liking
(Liked the Choice)” produced by 8 mg IN Bup under the different SL Bup maintenance
doses were: 46.3 mm (2 mg SL Bup), 24.9 mm (8 mg SL Bup), 15.8 mm (24 mg SL Bup),
and for “Good” were: 39.5 mm (2 mg SL Bup), 29.4 mm (8 mg SL Bup), and 17.7 mm (24
mg SL Bup). Thus, our results for peak ratings of “Liking” and “Good” effects under the 2
mg SL Bup maintenance condition were remarkably similar to the peak ratings for these two
measures reported by Middleton and colleagues (2011) in non-dependent opioid abusers.
The higher maintenance doses of SL Bup generally produced dose-related reductions in
positive subjective ratings produced by opioid agonists, which has been noted in several
previous studies (Bickel et al. 1988; Jones et al. 2011; Mello & Mendelson 1980, 1982;
Walsh et al. 1995).

Comparing the effects of IN Bup/Nal 8/2 mg between the current study and the Middleton et
al. study (2011) also has interesting implications. In their non-dependent sample, peak VAS
ratings of drug “Liking” (43.6 mm), and “Good” drug effect (35.5 mm) were significantly
greater than placebo. Their ratings of “Bad” drug effect (8.4 mm), however, were not
significantly different from placebo (0.6 mm). In our dependent sample, 8/2 mg IN Bup/Nal
produced peak VAS ratings of drug “Liking” [20.6 mm (2 mg SL Bup), 13.5 mm (8 mg SL
Bup), and 8.2 mm (24 mg SL Bup)] and “Good” drug effect [17.7 mm (2 mg SL Bup), 20.5
mm (8 mg SL Bup), and 22.2 mm (24 mg SL Bup)] that were only significantly greater than
placebo when participants were maintained on 2 mg SL Bup. These ratings of “Liking” and
“Good” drug effect after administration of 8/2 mg IN Bup under the 2 mg SL Bup
maintenance condition were lower than those reported by Middleton et al. (2011).
Meanwhile, ratings of “Bad” drug effect after administration of 8/2 mg IN Bup in our study
were greater than those reported by the non-dependent opioid abusers in the study conducted
by Middleton et al. (2011) [18.5 mm (2 mg SL Bup), 23.9 mm (8 mg SL Bup), 32.7 mm (24
mg SL Bup)]. These data suggest that the Bup + Nal combination may be less effective in
deterring parenteral abuse in non-dependent individuals or those maintained on low Bup
doses. The IN administration of Bup/Nal combinations (under larger SL maintenance
conditions) produced significant increases in VAS ratings of: “Anxious,” “Irritable,”
“Gooseflesh (piloerection),” and “Nauseous,” (Table 2), which are common symptoms of
opioid withdrawal (Doyon 2004).

The magnitudes of positive subjective effects and drug break point for IN Bup were
significantly less than IN heroin. This in itself is not surprising, though the degree of
difference between IN heroin and IN Bup is far greater than what we observed in a previous
study with 1V heroin (25 mg) and IV Bup (Comer et al. 2010). In the earlier study, peak
ratings of positive subjective effects produced by 8 or 16 mg of IV Bup (“Like,” “Would
Take Again,” “High™) as well as drug breakpoint, did not significantly differ from IV heroin.
In contrast, in the current study, assessments of these effects for IN Bup were approximately
half of what they were for heroin (Table 2). However, a direct comparison is complicated
because, between the two studies, the dose of heroin was adjusted to account for the
differences in bioavailability between the two routes of administration (IV heroin dose = 25
mg, IN heroin dose = 100 mg), while the Bup and Bup/Nal doses were not.
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Differences in the pharmacokinetics of these drugs via different routes of administration are
a possible factor contributing to the differences in our current findings and our previous
results with 1V buprenorphine (Comer et al., 2010). The time to maximum concentration (3—
5 mins) and time course of heroin in plasma is very rapid following IV administration
(Comer et al., 1999; Rentsch et al., 2001; Rook et al. 2006). Similarly, the time to maximum
concentration and time course of buprenorphine in plasma achieved after IV administration
suggests a high degree of bioavailability and relatively short Tmax (10-15 mins:

Bullingham et al. 1980; Kuhlman et al. 1996; Lloyd-Jones et al. 1980; Huestis et al. 2013).
In contrast to IN heroin (Tmax: ~ 5 mins: Cone et al. 1993; Skopp et al. 1997), a slower
onset of the pharmacodynamic effects and poorer bioavailability following IN
administration of Bup have been observed in other studies (Tmax: 30—40 mins: Eriksen et
al. 1989; Middleton et al. 2011) as well as in the current study (Tmax: 33-45 mins). As
such, the differences in the pharmacokinetics of IN heroin versus IN Bup may be a
substantive factor contributing to the greater difference in abuse liability seen between IN
heroin versus IN Bup (current study) relative to IV heroin versus IV Bup (Comer et al.
2010).

The same-day sample and choice design employed in this study also make it difficult to
directly compare the self-administration of a short-acting opioid like heroin to a longer-
acting opioid like Bup. With the choice session occurring only 3 hours after the sample
session, it is possible that there were more carryover effects with Bup that may not have
been present with heroin. Data from our previous studies, however, suggest that carryover
effects from morning to afternoon sessions do not significantly alter the reinforcing effects
of buprenorphine in non-dependent participants (Comer et al., 2002, 2005; Comer and
Collins, 2002). Concerning subjective responses, assessments of peak effects were made
using data collected only during the sample session, so acute carryover effects would have
been less prominent. The fact that the subjective effects profile so closely matches the
reinforcing effects observed in the present study further supports the argument that
carryover effects from the sample to choice session may not have substantially confounded
our self-administration outcomes.

Accumulation of buprenorphine plasma levels over the course of the study also may have
had a general confounding effect by increasing variability of drug responses during the
randomized sample sessions, thereby lowering our ability to detect differences among the IN
doses. However, as noted previously in the discussion, when participants were maintained
on the lowest dose of SL Bup (2 mg), the magnitude of the positive subjective effects
elicited by 8 mg of IN Bup are almost identical to those seen when administered to a non-
dependent sample (Middleton et al. 2011). The 2 mg SL Bup maintenance condition was
randomized, so participants could have been tested under this dose, after having been
maintained on at least 14 days of 8 mg Bup or 14 days of 24 mg Bup. If carryover effects
from other maintenance doses were prominent, one might expect that the overall effects of
the challenge doses under the 2 mg SL Bup condition would be much lower than those
reported by Middleton and colleagues (2011) in non-opioid-dependent participants.

The levels of total Bup concentration can be seen in Table 3. The results of our
pharmacokinetic analysis of these data reveal interesting findings concerning the
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relationship between plasma buprenorphine levels and its subjective and reinforcing effects.
Specifically, increasing plasma Bup concentrations did not directly yield increases in
positive subjective effects and more drug self-administration. The 16 mg Bup dose produced
higher plasma levels in comparison to the 8 mg dose, yet was consistently rated below the 8
mg dose on positive subjective assessments and was less reinforcing. These data suggest that
the positive subjective effects of IN Bup plateau within this dose range. This ceiling effect
has been noted in several other clinical studies (Jasinski et al. 1978; Umbricht et al. 2004;
Walsh et al. 1994). The 16 mg dose was also rated as being significantly more aversive than
the 8 mg dose. Combined, these data suggest that there is an ideal plasma Bup concentration
that maximizes positive subjective effects and minimizes aversive effects. This conclusion is
further supported when one observes the interaction between the IN Bup dose and the SL
Bup dose. Positive subjective ratings for Bup 8 and 16 mg trend downwards with increased
SL Bup maintenance doses, while ratings of aversive effects trend upwards.

Our data also revealed the complex nature of the interaction between Bup and Nal. There
were several conditions under which larger maintenance doses reduced the positive
subjective and reinforcing effects of IN-administered drug (heroin, Bup 8 mg, Figures 2 &
4). These data confirm the ability of SL Bup to reduce the abuse potential of other opioids. It
also demonstrates a protective effect of larger SL Bup maintenance doses against the
intranasal abuse of Bup. In contrast, however, increasing the SL Bup maintenance dose
often blunted the aversive effects produced by IN naloxone (Bup/Nal 8/8 mg, Figure 3).
Though this difference did not meet statistical significance, it may explain the increase in the
self-administration of the 8/8 mg dose, under the 24 mg SL maintenance condition (Figure
4). These data are not surprising as we know that naloxone has more difficulty displacing
Bup from mu receptors than it does other mu opioid agonists (Hardman et al. 1996; O’Brien
et al. 1978; SAMHSA, 2004). An additional concern, drawn from these data, may be that
higher Bup maintenance doses may reduce the utility of the combined formulation to deter
parenteral use. Yet, the fact that no Bup/Nal combination was self-administered, no matter
how large the sublingual maintenance Bup dose, strongly argues in favor of the use of
Bup/Nal in cases where diversion to parenteral use may be suspected or likely. However,
minimizing the risk of parenteral Bup/Nal use is just one of many clinical considerations in
determining the appropriate maintenance dose of sublingual Bup.

In summary, this study provides empirical support for the lower abuse potential of Bup/Nal
by insufflation compared to Bup alone. Furthermore, the results of this study suggest that the
abuse potential of IN Bup or other opioids could be further minimized with larger SL Bup or
Bup/Nal maintenance doses. However, the generalizability of these findings may have been
affected by the stringent criteria for study enrollment, qualification and retention. Although
these criteria are vital to conducting ethical research, our selectivity may have led to us
sample a subpopulation of heroin users that may not be broadly generalizable. Despite this
reservation, these findings demonstrate that Bup/Nal has lower abuse liability than Bup
alone among Bup-dependent individuals, and thus should be used preferentially as an opioid
dependence pharmacotherapy (Comer et al. 2005; Mello et al. 1982, 1983; Mello &
Mendelson, 1980).
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Figure 1.
lllustration of the study design from screening to discharge. 1 The order in which

participants received each of the 3 SL maintenance doses was randomized. 2 The order of

testing the 9 IN doses also was randomized. 3 A minimum of 9 days was required to

complete testing for each of the 9 IN challenge doses. Though this number of days could
vary significantly between maintenance conditions and between participants, depending on

holidays, weekends, etc.
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VAS: Good Drug Effect
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Figure 2.
Mean peak (£ SEM) Visual Analog Scale (VAS) ratings of “Good” drug effect. * Indicates a

significant difference from placebo (p<.05).
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Addict Biol. Author manuscript; available in PMC 2016 July 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Jones et al. Page 23

Drug Self-Administration

‘E 1400 *
'6 1200- Bup Maintenance Dose (mg, SL)
g' % 0 2
© 1000+ =
= 800- m 24
m
o 600
Q- 400-
c
© 200 [h
Q . :
= 0- T T T T
&) Vv > o o [
AN A N N N
QQ a a ,» Q 2
Q %\‘\ %\\\ %\é P \Gé
@\}Q @\) @QQ 0\9
Dose (IN)
Figure 4.
Mean (£ SEM) progressive ratio breakpoint (BP). * Indicates a significant difference from
placebo.
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Table 1

Sample Session Events
Time points at which physiological, plasma, performance and subjective assessments were made throughout
the sample session.

—-40 | Physiological monitoring (oxygen saturation, blood pressure), DSST, DAT, VAS, SOWS
0 Sample IN drug and $20, Pupils, Bloods

5 Pupils, Bloods, VAS, DEQ

15 Pupils, Bloods, DSST, DAT, VAS, DEQ

30 | Pupils, Bloods

45 Pupils, Bloods, VAS, DEQ

60 Pupils, Bloods, DSST, DAT, VAS, DEQ

90 | Pupils, Bloods
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