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Abstract

Abuse of buprenorphine (BUP) by the intravenous (IV) route has been documented in several

studies, and reports of intranasal (IN) abuse are increasing. However, no studies have directly

compared the effects of BUP when it is administered intranasally and intravenously. The present

secondary analysis used data from two separate studies to compare the reinforcing and subjective

effects of IV and IN buprenorphine. One study evaluated IV buprenorphine (N=13) and the other

evaluated IN buprenorphine (N=12). Participants were maintained on 2 mg sublingual (SL) BUP

and tested with each intranasal or intravenous buprenorphine test dose (0 mg, 2 mg, 4 mg, 8 mg,

and 16 mg). During morning laboratory sessions, participants received money (US $20) and

sample doses of IN or IV BUP, and then completed subjective effects questionnaires. Later that

day, they completed a self-administration task to receive 10% portions of the drug and/or money

they previously sampled. In general, positive subjective ratings for both IV and IN BUP were

significantly greater than placebo, with IV BUP having a greater effect than IN BUP. All active

BUP doses (IV and IN) maintained significantly higher progressive ratio breakpoint values than

placebo, but breakpoint values for IV BUP were greater than for IN BUP. Buprenorphine is an

effective maintenance treatment for opioid dependence, valued for its ability to reduce the positive

subjective effects of other opioids. Nevertheless, the present data demonstrate that in participants

maintained on a low dose of SL BUP, the medication itself has abuse liability when used

intravenously or intranasally.
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1. Introduction

Opioid abuse is a major public health problem in the United States and around the world

(SAMHSA, 2010; UNODC, 2012). Maintenance treatment with the partial mu (μ) opioid

agonist buprenorphine has been shown to reduce the morbidity and mortality associated with

opioid abuse (Mattick et al., 2008). With a superior safety profile in comparison to

methadone, buprenorphine treatment quickly gained popularity and the availability of BUP

around the world has steadily increased (Auriacombe et al., 2004; Carrieri et al., 2006;

Maxwell et al., 2010; Walsh et al., 1994). In spite of its clinical utility, buprenorphine itself

has abuse liability and diversion to illicit use has been observed (Johanson et al., 2012).

Originally it was believed that buprenorphine had relatively low abuse liability because of

its partial μ agonist profile (Jasinksi, 1978; Mello and Mendelsen, 1985, Walsh et al., 1994,

1995). Yet the abuse of buprenorphine has been noted in Europe (Alho et al., 2007;

Auriacombe et al., 2001; Carrieri et al., 2006; Hakansson et al., 2007; Obadia et al., 2001;

Roux et al., 2008a,b; Vidal-Trecan et al., 2003), Australia, and South East Asia (Chua and

Lee, 2006; Horyniak et al., 2011; Jenkinson et al., 2005; Lee, 2006; Nielson et al., 2007;

Vicknasingam et al., 2010). Consistent with the epidemiological data, laboratory studies

have shown that when it is injected (intramuscularly or intravenously) BUP can produce

robust opioid-like effects, similar to other potent μ agonists (Bedi et al., 1998; Comer et al.,

2002; Duke et al., 2010; Strain et al., 1997; Zacny et al., 1997). For example, intramuscular

administration of buprenorphine to opioid-dependent participants (maintained on sublingual

BUP) produces significant increases in subjective ratings of: drug “liking”, “good” drug

effect, and “high” (Duke et al., 2010). Similar findings have been reported using

intravenously administered buprenorphine in recently detoxified heroin-users (Comer et al.,

2005) and buprenorphine-maintained heroin users (Comer et al., 2010).

Although several epidemiological and laboratory studies of injected buprenorphine have

been conducted, relatively few studies have examined abuse of buprenorphine by the

intranasal route, despite the growing number of reports that the medication is being abused

in this manner. For example, studies have reported that the incidence of intranasal BUP

abuse is notable in Europe (Hakansson et al., 2007; Roux et al., 2008b). In a rural area of the

U.S., a recent investigation on prescription opioid abuse found intranasal buprenorphine

abuse to be almost nine times more prevalent than intravenous abuse (Young et al., 2010),

while another study reported roughly equivalent rates of IV and IN BUP abuse (Nordman et

al., 2012). Only one laboratory study has investigated the pharmacodynamic effects of

intranasal buprenorphine (Middleton et al., 2011). These investigators found that in non-

dependent, intranasal opioid abusers, IN BUP produced dose-related increases in ratings of

drug liking and street value (Middleton et al., 2011). Whether the same profile would be

observed in opioid-dependent individuals is unclear, however.

The purpose of the present secondary data analysis was to utilize unpublished data from two

separate investigations in order to compare the abuse liability of BUP when it is

administered via the IV and IN routes to BUP-dependent heroin users. Employing a same-

day sample and choice self-administration procedure, the subjective and reinforcing effects

of IV and IN BUP were quantified in order to assess their abuse liability (Comer et al., 2008;
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Jones and Comer, 2013). In addition, physiological and cognitive responses were also

observed. This study may allow us to better understand the differential prevalence of

intranasal and intravenous buprenorphine abuse.

2. Methods

2.1 Participants

Participants were required to be physically and mentally healthy intravenous or intranasal

heroin users between the ages of 21 and 45 (IV study) or 55 (IN study) years. All

participants were required to meet DSM-IV criteria for opioid abuse and physical

dependence. Potential participants were excluded from the studies if they were seeking

treatment for their drug use, physiologically dependent on alcohol or illicit drugs (other than

opioids), or had a severe Axis I psychiatric diagnosis (other than opioid, nicotine or caffeine

dependence).

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, described below). 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 studies.

2.2 Procedures

Participants were recruited from the New York City metropolitan area through various print

media advertisements. In one study, the effects of IV BUP were evaluated and in a separate

study, the effects of IN BUP were examined. Those 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,

medical history and general health (hematology, blood chemistry panel, liver and thyroid

functioning, urinalysis, syphilis serology). A semi-structured psychiatric interview and

physical examination were performed by a physician. An 11-panel rapid urine drug screen

assessed recent use of: amphetamine, barbiturates, benzodiazepines, buprenorphine, cocaine,

methadone, methamphetamine, opiates, oxycodone, PCP, and THC. Women were tested for

pregnancy by measuring serum hCG levels. Naloxone challenge was used to determine

current opioid use in participants who met DSM-IV opioid dependence criteria. In this

procedure we administer an intramuscular dose of naloxone (between 0.2–0.8 mg) and

observe for opioid withdrawal symptoms. Participants also had the option of presenting

themselves to clinical staff in a state of opioid withdrawal. Potential participants who were

screened for the study were most often excluded for medical or psychiatric concerns.

Once enrolled, participants resided on a locked inpatient unit during the study. During the

first week after admission, they were stabilized on 2 mg of sublingual (SL) BUP, which was

administered at approximately 8 p.m. The 2 mg dose was chosen in order to prevent
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withdrawal, but minimize the ability of the sublingual dose to alter the effects of the

parenteral dose. 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 clinician observations. During the

second week after admission into the hospital, while still being maintained on 2 mg SL

BUP, each participant was tested with each intranasal or intravenous buprenorphine dose in

ascending order (2 mg, 4 mg, 8 mg, and 16 mg). One dose was tested on each day, and a

placebo (Pbo, 0 mg) dose was randomly inserted into this order. Doses were administered at

approximately 11 a.m. during a morning sample session and again at approximately 3 p.m.

during an afternoon choice session (see below).

The previously unpublished data presented currently were part of a buprenorphine self-

administration “qualification phase.” Participants who self-administered more active

buprenorphine than placebo qualified for a subsequent series of laboratory sessions that

were designed to compare the effects of placebo, buprenorphine, buprenorphine/naloxone,

heroin, and naloxone alone. The design of the qualification phases for these two studies

were identical, except for the route of buprenorphine administration, and are described in

further detail below. Data from the parent IV study have been published (Comer et al.,

2010), while the parent IN study is under review. In the present paper, data collected from

all participants were included in the analysis regardless of whether they qualified for the

parent study.

Qualification phase testing consisted of two types of laboratory sessions, the first of which

was conducted approximately 15 hr after administration of the SL BUP maintenance dose.

During a “sample” session, participants received $20 and one of the challenge doses

[Placebo (0 mg), BUP 2 mg, 4 mg, 8 mg, 16 mg] administered either intravenously or

intranasally. Subjective, performance, and physiological effects were measured before and

repeatedly after drug administration. The sample session was followed a few hours later by a

self-administration or “choice” session. During the choice session, participants were given

the opportunity to work for either the dose of drug that was given during the sample session

or money. An alternative approach to conducting the sample and choice sessions on the

same day would be to complete the choice session on the following day. The investigators

opted to complete both sessions on the same day because it more closely mimics the pattern

of use on the “street,” and our previous experience with the pharmacology of buprenorphine

made us confident that carry-over drug effects from the sample to the choice session would

be minimal (Comer et al., 2010).

Sample Session—At approximately 10 a.m., 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 (%SpO2); heart rate, systolic blood pressure, and diastolic blood pressure were

measured every 5 minutes throughout the session and for an hour following dosing.

Participants received money (US $20) and the full doses of the IV or IN challenge drug at 0

min, which occurred at approximately 11 a.m. During the IN study, participants were

instructed to insufflate the entire dose within a 30-second period in one or both nostrils, and

during the IV study, the entire intravenous solution was infused over the course of 30
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seconds. At various time points throughout the session, pupil diameter was measured and

participants completed subjective effects batteries and performance tasks (Table 1).

Choice Sessions—At approximately 2 p.m., 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 obtain portions of the dose of drug or money they had received earlier

in the day (see details below).

2.3 Assessments

Participant Characteristics—Participant demographics were ascertained from: a

telephone interview by a research assistant, clinical interview by research psychologists, and

a mental examination by a psychiatrist. Urine toxicology results collected during the various

screening visits were also compiled and assessed.

Subjective Effects—Three questionnaires were used to assess subjective responses: one

assessed opioid withdrawal symptoms, and two assessed a range of possible drug effects

(positive and negative). An additional questionnaire was used in the IN study to assess the

effects of nasal insufflation of the powder.

The 16-item Subjective Opioid Withdrawal Scale (SOWS) was used to identify the presence

and severity of opioid withdrawal symptoms (Handelsman et al., 1987). Each question was

rated on a scale from 0 [‘Not At All’] to 4 [‘Extremely’]. The sum score ranged between 0

and 64.

A 26-item visual analog scale (VAS) was used to assess subjective and physiological drug

effects such as: I feel a “Good Drug 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 Drug

Effects at All’] to 4 [‘Very Strong Effects’]. The drug liking question ranged from −4

[‘Dislike Very Much’] to 4 [‘Like Very Much’].

Participants in the IN study 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 intranasal study, only a subset of the participants (N= 6) had

completed it at the time this analysis was performed.

Reinforcing Effects—The reinforcing effects of each Bup dose given by each route, was

assessed using a Drug vs Money self-administration procedure. For this assessment, the

primary dependent variable is the drug’s “breakpoint,” which is the largest ratio value

completed for drug. Drugs that maintain larger breakpoint values (i.e., drugs for which
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participants are willing to perform more work to receive) are considered to have greater

abuse liability (Katz, 1990).

Cognitive/Performance Effects—The performance battery consisted of two tasks: a 3-

min digit-symbol substitution task (DSST) and a 10-min divided attention task (DAT; Table

1). Custom-made software was used for these performance tasks (see Comer et al., 1999 for

details). Briefly, 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. 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).

Physiological Effects—Pupil diameter was measured using a NeurOptics™ Pupillometer

under ambient lighting conditions. Miosis was used as a physiological indicator of mu

agonist effects, and assessed prior to drug administration and at various intervals following.

2.4 Drugs

Buprenorphine tablets (2 mg/day) for sublingual use and buprenorphine HCl powder for IV

and IN use were obtained from Murty Pharmaceuticals (Lexington, KY) and Reckitt-

Benckiser Pharmaceuticals Inc. (Richmond, VA) through the Research Triangle Institute.

The doses (2, 4, 8, and 16 mg) were chosen based on previous studies of IV and IN

buprenorphine conducted in our laboratory as well as in other laboratories (Comer and

Collins, 2002; Comer et al., 2005; Middleton et al., 2011; Umbricht et al., 2004). A

maximum dose of 16 mg buprenorphine was selected because it is considered by many to be

the optimal dose for daily clinical maintenance (Carrieri et al., 2006; Johnson et al., 2003).

Intranasal placebo consisted of lactose powder and intravenous placebo was saline. A

constant weight of 100 mg of powder was used during the IN study and a constant volume

of 1 ml solution was administered during the IV study at each dose administration in order

to maintain the blind.

Naloxone HCl (Narcan) for injection was obtained from the International Medication

System Limited Amphastar (South Elmonte, CA). All drugs were prepared by the New York

State Psychiatric Institute Pharmacy and administered by a physician.

2.6 Statistical Analyses

Participant Characteristics—Continuous and categorical variables were initially

summarized descriptively. T-tests were employed to examine differences between the

intranasal and intravenous samples for continuous variables, whereas the Pearson X2 statistic

was calculated to assess categorical differences between the groups.
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Drug Effects—Mixed-model analyses of variance (ANOVA) tests were used to compare

mean peak drug effects among the 5 buprenorphine doses and between the two routes of

administration. In these analyses the buprenorphine dose (Dose) served as the within-

subjects factor, while the between-subjects factor was the route of buprenorphine

administration (Route). In cases where a significant or trending (p< 0.10) main effect or

interaction was found, planned comparisons (T-tests) were used to compare the effects of

corresponding buprenorphine doses when administered via the intranasal and intravenous

routes. Any comparison where homogeneity was violated was not included in the results (no

comparisons violated homogeneity).

In order to further explore where mean peak differences occurred, separate repeated-

measures ANOVAs were performed for each route of administration comparing peak drug

effects among the various doses. In cases where a significant or trending (p<0.10) effect was

found, planned comparisons were employed to determine which doses significantly differed

from one another. For the sake of clarity and brevity, the results of the OMNIBUS tests have

been omitted and only the final planned comparisons are reported in the results section.

Both the maximal drug effect for each measure (peak= increase, or trough=decrease) and

time-course of drug effect were analyzed for all relevant measures. A peak or trough

measurement was taken from across all of the time points, post drug administration (sample

session). The data presented in section 3.3 explain why we primarily report and discussion

peak/trough data. For final analyses, the significance level of α was set at 0.05. All data

analyses were performed using SPSS version 18 (SPSS, 2009) and SuperANOVA (Gagnon

et al., 1990).

3. Results

3.1 Participant Characteristics

Intravenous Sample—Sixteen participants were enrolled into this study. Of those, 13

were included in this analysis (9M, 4F; 7 White, 3 Black, and 3 Latino). Of the 3

participants who did not complete the study, 1 withdrew due to personal issues, 1 was

dropped due to inability to follow unit rules, and another for unreported methadone use. The

mean age of those included in the data analysis was 36.4 years. All participants reported

daily intravenous heroin use (Table 2). The mean daily amount spent on heroin was $67.50

(range: $30– $145), and mean duration of use was 11.0 years (range: 2–32 years).

Intranasal Sample—At the time this analysis was completed, 20 participants had been

enrolled into the study. Of those, complete data sets were obtained from 12 participants for

inclusion in this analysis (11M, 1F; 4 White, 3 Black, 2 Latino, 2 Multiracial, 1 Asian). Of

the 8 participants who did not complete the study, 5 withdrew due to personal issues, 2 were

dropped due to inappropriate behavior on the inpatient unit, and 1 participant was dropped

after AST/ALT levels rose to 3 times the upper limit of normal. The mean age of those

included in the data analysis was 36.5 years. The majority were daily intranasal heroin users

(83%, 10 of 12), but 2 reported current intravenous use with a history of intranasal use. The

mean daily amount spent on heroin was $70.40 (range: $20–$170), and mean duration of use

was 13.6 years (range: 6–26 years). No significant group differences were found for any of
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the demographic variables. Urine toxicology data collected during screening suggested that

in addition to opioids, participants from both groups sporadically used non-opioid drugs,

most commonly, cocaine (none of the enrolled participants met criteria for dependence on

non-opioid drugs).

3.2 Subjective Effects

Subjective Opioid Withdrawal Scales (SOWS)—At the beginning of each laboratory

session (sample and choice), subjective ratings of opioid withdrawal were minimal [SOWS

scores of less than 10 (range: 0–64)]. Means of all measures are shown in Table 3 as a

function of BUP dose (0 mg, 2 mg, 4 mg, 8 mg, and 16 mg) and route of administration (IV,

IN).

Time Course—The time course of drug effects varied between the routes of

administration. Typically, peak effects occurred 5 min after IV BUP administration. In

contrast, peak drug effects following IN administration of BUP, were typically found later in

the session (45, 60 minutes post-drug administration). As such, for subsequent direct

comparisons between IV and IN dosing conditions, only peak or trough drug effects are

reported.

Strength of Drug Effect—Peak DEQ ratings of “strong” drug effect significantly

increased after IV administration of all of the active doses of BUP (vs. 0 mg; all p’s <0.01).

However, no significant differences were found among the active BUP doses. None of the

active doses of IN BUP significantly altered ratings of “strong” drug effect in comparison to

placebo. Direct IV to IN comparisons between identical doses revealed that the strength of

the drug effect was significantly greater when 4 mg and 16 mg of BUP were administered

intravenously as opposed to intranasally (p < 0.05 and 0.01: respectively). This pattern of

results was repeated when we examined the VAS rating of “Strong” drug effect.

A similar pattern was found for VAS assessments of “potent” drug effect. Planned contrasts

revealed that IV administration of all of the active doses of BUP significantly increased

ratings when compared to placebo (p’s < 0.01) with no significant differences among the

active BUP doses. None of the active doses of IN BUP significantly altered VAS ratings of

“potent” in comparison to placebo. Interestingly, when directly compared across IV and IN

conditions, only the 4 mg of IV BUP produced a significantly more “potent” drug effect

compared to 4 mg of IN BUP (p < 0.05).

Positive Drug Effect—When examining peak DEQ assessments of “Would Take Again”

(Figure 1), ANOVA revealed that peak ratings on this measure differed significantly among

the 5 doses. All active IV doses increased ratings significantly above placebo (p’s < 0.01)

but no difference among the active BUP doses was found. No differences on ratings of

“Would Take Again” were found among the IN doses.

ANOVA performed on the DEQ measure of “Good” drug effect revealed that peak ratings

differed significantly among the 5 doses. All active doses increased ratings significantly

above placebo (p’s < 0.01). This analysis for the IN group found no overall difference
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among the doses, however but the highest dose of IN BUP significantly increased DEQ

ratings of “Good” drug effect compared to placebo (0 mg vs. 16 mg, p < 0.05).

A similar pattern was found for VAS ratings of I feel “High”: peak VAS ratings on this

measure did significantly differ among the 5 doses administered intravenously. Planned

comparisons among the doses revealed that ratings significantly increased after IV

administration of all of the active doses when compared to placebo (p’s < 0.01), but the

active doses failed to differ significantly from one another. Similar analysis for the IN group

failed to show a significant main effect of Dose. However, planned contrasts showed that IN

BUP 16 mg significantly increased rating of “High” relative to placebo (p < 0.05).

Comparing between the IV and IN doses, the 2 mg and 4 mg doses of IV BUP produced

greater ratings of “High” (p’s < 0.05).

All active doses of IV BUP significantly increased peak VAS ratings of “Liked the Dose”

compared to placebo (p’s < 0.01, Figure 1). For the IN group, the main effect of Dose was

not significant, but the highest IN BUP dose (16 mg) significantly increased ratings of drug

liking compared to placebo (p < 0.05). Planned contrasts directly comparing the equal doses

of IV and IN BUP revealed that the 2, 4 and 8 mg doses of IV BUP produced greater effects

(p’s < 0.05).

Aversive Drug Effect—VAS and DEQ subjective ratings of “Bad” drug effect did not

significantly differ between placebo and active doses of IV and IN BUP on any of the

analyses performed. None of the participants reported that any of the test doses were

“difficult to snort,” though several adverse effects of insufflation were reported. The most

commonly reported effects of snorting the doses were “burning,” “tingling,” “stinging,” “dry

mouth,” and “thirsty.” No significant differences in the magnitude of these effects were

observed among the doses, and all of the participants reporting experiencing “a little bit” of

each measure for the BUP/lactose combination and lactose powder alone

3.3 Reinforcing Effects: Self-Administration

All active doses of IV BUP were self-administered significantly more than placebo (p’s <

0.01) but did not differ among the active BUP doses themselves. All active doses of IN BUP

were also self-administered more than placebo (p’s < 0.05) but again, no differences were

observed among the active BUP doses (Figure 1). Planned comparisons revealed that

breakpoint values for IV BUP were higher than for IN BUP in all dose comparisons except

for the 8 mg dose (2 and 4 mg, p < 0.05; 8 mg, p = 0.07; 16 mg, p < 0.01). Among IV users,

only 1 participant failed to self-administer an active dose of BUP more than placebo. Among

the IN users, 5 participants did not choose an active BUP dose more than they chose

placebo.

3.4 Cognitive/Performance Effects

No significant effects of BUP Dose, Route, or Dose by Route interactions were found on

any of the DAT outcome measures. ANOVA also revealed no significant effects of Dose or

Dose by Route interactions for the dependent variables of the DSST.
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3.5 Physiological Effects: Miosis

Comparing trough pupil diameter, ANOVA revealed that all active doses of IV BUP (2 mg,

4 mg, 8 mg, and 16 mg) significantly decreased pupil size when compared to placebo (p’s <

0.01) but the active doses did not significantly differ from one another (Figure 1). For the IN

group, only the two highest doses (BUP 8 mg, 16 mg) significantly decreased pupil diameter

relative to placebo (p <0.05 and 0.01: respectively). Planned comparisons revealed that

when directly comparing each dose of BUP between the two routes, the IV and IN groups

only differed at 0 mg (p< 0.05).

4. Discussion

Intravenously administered buprenorphine significantly increased subjective reports of

positive drug-related effects. Larger doses of intranasal buprenorphine also increased

positive subjective effects but the magnitude was typically less than IV doses. Active doses

of IN buprenorphine were self-administered more than placebo, despite the fact that smaller

doses often failed to significantly increase positive subjective effects. Other studies have

shown that there can be a dissociation between the subjective and reinforcing effects of

opioids. In one such study, heroin-dependent participants did not report subjective effects of

low doses of morphine that differed from placebo, yet the dose maintained responding

(Lamb et al., 1991, see also Comer et al., 2008). These data demonstrate that the reinforcing

effects of opioids are not necessarily causally related only to their euphoric/positive

subjective effects, and highlight the importance of employing both techniques in

assessments of abuse liability.

All active doses of IV buprenorphine were self-administered, with IV BUP producing

greater reinforcing effects than IN BUP. No significant cognitive impairment or self-

reported adverse events were found for either route of BUP administration. Interestingly,

active doses of IV and IN BUP produced a similar degree of miosis (an indicator of μ

receptor activation). As both groups appeared to have experienced equivalent levels of μ

activation, this suggests that the more robust positive subjective and reinforcing effects of

IV BUP were due to its faster onset of effects. The dose-to-dose comparisons of the positive

subjective and reinforcing effects of IV and IN buprenorphine suggest that IV BUP has

greater abuse liability compared to IN BUP. However, it is possible that IN BUP is simply

less potent than IV BUP. If this is the case, larger doses of IN BUP (i.e., doses greater than

16 mg) may produce effects that are of similar magnitude as the doses of IV BUP shown in

the present study (Lindhardt et al., 2001; Lloyd-Jones et al., 1980; Middleton et al., 2001).

Future studies will need to examine this possibility.

Two additional caveats must be mentioned with respect to the direct comparison between IV

and IN BUP. The first concerns our determination of “peak” effects of the intranasally

administered doses. The effect of intranasal BUP typically increased over the course of the

sample session until the final point of observation (60 min after drug administration). This

allows for the possibility that drug effects could have continued to increase at subsequent

time points. Therefore, due to the limited 60-minute window of assessment, “peak” drug

effects for the intranasal dose may not have been captured. However, Middleton and

colleagues (2011) reported that peak effects for 2 mg and 8 mg of intranasal buprenorphine
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typically occurred between 40 and 90 minutes after drug administration, so it is likely that

peak or near-peak drug effects were captured in the present study with IN BUP.

Second, pupil diameter was significantly greater after administration of IV compared to IN

placebo (Figure 1). This finding could be interpreted as either greater withdrawal effects in

the IV group or greater agonist effects in the IN group. The latter possibility is unlikely since

the last agonist administration occurred when 2 mg SL BUP was administered the previous

evening. The former possibility is also unlikely because opioid withdrawal symptoms were

low (< 10 out of a possible maximum of 64) for both groups at the beginning of the sample

session (Table 3). When we carefully reviewed the individual data for the IV group, we

discovered that 4 of the 13 participants consistently had larger pupil diameters at baseline

prior to drug administration and during placebo sessions, but their other responses at

baseline (including symptoms of withdrawal) and their responses to active drug were not

different from the other participants. We have observed in our many years of conducting this

type of research that some participants have larger pupil diameters than others. It appears

based on our evaluation of the data set as a whole that the larger pupil diameter observed

under placebo conditions for the IV group may simply reflect individual variability in this

particular endpoint.

Another important consideration when comparing IV and IN BUP is that when administered

intranasally, BUP may be aversive. In fact, participants reported that IN BUP produced a

“stinging” sensation in the nose and sinuses (Middleton et al., 2011). The current sample of

intranasal users also reported slight “stinging” and “burning” in their nose and throat

resulting from insufflation of the buprenorphine and lactose power, particularly at the 16 mg

dose (although these ratings did not differ significantly from placebo). These aversive

effects may have resulted in the lower positive subjective and reinforcing effects observed in

the present study. They may also explain the smaller pupil diameter observed after placebo

administration in the IN compared to the IV group. That is, the “stinging” and “burning”

sensations may have acted as distinctive interoceptive cues that became associated with the

effects of the drug. Thus, it is possible that the lactose powder may have acted as a

conditioned reinforcer, resulting in a greater miotic effect after IN administration. This

possibility is supported by research demonstrating stronger cue reactivity among heroin

inhalers compared to injectors (Liu et al., 2011).

Another limitation of the present study is that the intranasal buprenorphine administration

procedures that we used reduced the generalizability of our results. This study employed a

buprenorphine powder (combined with lactose) in lieu of a crushed buprenorphine tablet.

While this procedure allowed our participants to avoid the insufflation of excipient particles

found in the SL buprenorphine tablets, crushing of the SL tablet is how the drug is most

often prepared for IN use in the natural environment. As a result, our findings concerning

the subjective experience of snorting buprenorphine may differ from what users typically

experience.

Differences in how buprenorphine was prepared for intranasal delivery also may have

contributed to differences between our findings and those from similar studies. The

magnitude of the subjective effects found in the current study is smaller in comparison to a
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previous clinical investigation. Using crushed SL BUP tablets, Middleton and colleagues

(2011) reported that 2 and 8 mg of intranasal BUP resulted in peak VAS “High” ratings of

24.7 mm and 39.3 mm, respectively. In the present study the same doses of IN BUP

produced peak VAS “High” ratings of 12.3 mm and 22.0 mm, respectively. However, since

the investigation by Middleton and colleagues (2011) was performed in non-dependent

opioid abusers, our use of sublingual BUP as a maintenance medication is mostly likely the

strongest contributor to the attenuated IN BUP effect observed in the present study. Further

evidence in support of this idea can be found if the current data are compared to a previous

investigation by our group using detoxified heroin users. Comer and colleagues (2005)

reported that 2 mg of intravenously administered BUP produced VAS ratings of “High” and

“Potent” of approximately 35.0 mm and 22.5 mm (respectively), similar to what was found

in the current study (36.0 mm and 25.0 mm). In contrast, the 2005 study found that the 8 mg

dose of IV BUP increased ratings on both these measures to between 50.0 – 55.0 mm. This

is nearly double of what was observed at present with this dose of IV BUP (high = 29.0 mm,

potent = 31.0 mm).

When the current results are examined within the context of the Middleton et al., 2011 and

Comer et al., 2005 experiments, it appears as though the SL buprenorphine maintenance

may have antagonized the subjective effects of IV and IN BUP. We recognized this

possibility and attempted to minimize the effects of SL BUP maintenance by planning the

lab sessions at a time when the effects of the maintenance dose would be at their nadir.

Despite these efforts, the data suggest that buprenorphine maintenance did attenuate the

effects of BUP during the laboratory sessions and therefore may be somewhat protective

against the recreational use of IV and IN BUP. Nevertheless, the self-administration data

indicate that BUP may be used recreationally via both routes in patients maintained on a low

dose of sublingual buprenorphine.

The SL buprenorphine maintenance may have also contributed to another interesting finding

in the present study: the flat dose-response relationship among the active buprenorphine

doses. Increasing the buprenorphine dose 8-fold only resulted in small and statistically

insignificant increases in positive subjective ratings and PR breakpoints. Another study

using buprenorphine-maintained volunteers (Strain et al., 1997) similarly found that VAS

ratings of “Drug Effect,” “High” and “Good Effect” did not differ significantly among

active doses of intramuscular BUP (4, 8, 16 mg).

The fact that participants were BUP-maintained cannot be the only factor responsible for the

flat dose-response function observed in the current study, however. Other clinical studies

have reported a lack of a BUP dose-response effect in participants who were not BUP-

maintained. For example, Umbricht and colleagues (2004) administered equivalent doses of

intravenous BUP (0, 2, 4, 8, 12, and 16 mg) to non-dependent participants and found no

significant differences among the active doses for VAS measurements of “Drug Effect,”

“Liking,” and “Good Effect.” A ceiling effect has been observed repeatedly with

buprenorphine, which supports its characterization as a partial μ receptor agonist (for a

review see Walsh and Eissenberg, 2003). Future studies are needed to determine which

variables and/or parametric conditions moderate the slope of the buprenorphine dose-
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response curve. These factors have important implications concerning the abuse liability and

safe/efficacious medical dosing of this drug.

In sum, this investigation adds credence to the long-standing argument for the utility of

properly used buprenorphine as medication-assisted therapy, which may deter recreational

opioid use (Comer et al., 2005; Mello et al. 1982, 1983; Mello and Mendelson, 1980). The

combined BUP + naloxone formulation is primarily used in the U.S. as a means of reducing

abuse and diversion. As generic formulations of buprenorphine alone are introduced in the

U.S, they may gain popularity among health care professionals and drug users as they did in

France where they saw a 7.5 fold increase in the number of generic users in just two years

after their introduction (Nordmann et al., 2012). Accordingly, the present study suggests the

need for vigilance, particularly concerning IV abuse of the mono-product. Although the data

demonstrate the potential of IN abuse of Bup, the IV route appears to have a greater abuse

liability. Given the other adverse effects of IV drug use (i.e., transmission of blood-borne

pathogens); the health consequences for these individuals may be greater. In any case, the

field should continue to develop and assess the utility of buprenorphine formulations

designed to reduce these forms of misuse, such as long-acting injectable depot formulations

and subcutaneous implants.
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Highlights

• IV BUP increased reports of positive drug effects, and was self-administered.

• The magnitude of IN Bup’s positive effects were typically less than IV doses.

• All active doses of IN Bup were self-administered.

• IN or IV BUP retains its abuse potential in participants on a low dose of SL

BUP.
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Figure 1.
Mean peak (± SEM) DEQ ratings of “Would Take Again,” VAS ratings of “Liked the

Dose,” progressive ratio breakpoint, along with mean trough pupil diameter. Data are shown

as a function of BUP dose and route of administration.

* Indicates a significant difference from 0 mg, and # indicates a significant difference

between IN and IV dosing.
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Table 1

Time points at which physiological, performance and subjective measurements were taken throughout the

sample session.

Time (mins)

−40 Physiological monitoring (oxygen saturation, blood pressure), Pupils, DSST, DAT, VAS, SOWS

0 Participants received sample drug dose and money

5 Pupils, VAS, DEQ

10–15a Pupils, DSST, DAT, VAS, DEQ

40–45a Pupils, VAS, DEQ

60 Pupils, DSST, DAT, VAS, DEQ

a
Due to differences between the study protocols, these time points varied slightly between the two studies.
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Table 2

Select demographic characteristics for the IV and IN participant samples.

IV IN

Sex 9M, 4F 11M, 1F

Ethnicity
7 Caucasian

3 Latino
3 Afr-American

4 Caucasian
3 Afr-American

2 Multiracial
2 Latino
1 Asian

Age ± SEM (yrs) 36.4 ± 1.9 36.5 ± 1.5

Duration of Heroin Use ± SEM (yrs) 11.0 ± 1.2 13.6 ± 1.7

Amount Spent/Day on Heroin ± SEM ($) 67.50 ± 9.1 70.40 ± 7.8
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