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Some sources suggest that significant misuse of opioid drugs exists among patients with chronic pain. However, the risk factors and

motivation behind their abuse may differ from those of other opioid abusers. This study sought to examine the abuse liability of

oxycodone among patients with chronic, non-malignant pain who met the DSM-IV criteria for opioid abuse. Eighteen opioid-dependent

patients with chronic pain lived on an in-patient unit of the New York State Psychiatric Institute during the 7-week study. Participants

were given oral oxycodone (0, 10, 20, 40, and 60 mg/70 kg) while maintained on various doses of sublingual buprenorphine/naloxone

(Bup/Nx; 2/0.5, 8/2, and 16/4 mg/day). Doses of both medications were administered under double-blind conditions. Oxycodone

produced an overall positive, but less robust, subjective profile than previously reported in recreational opioid users without pain.

Furthermore, unlike our findings in recreational opioid users and more similar to effects in non-drug-abusing individuals, oxycodone failed

to serve as a reinforcer. As for the maintenance drug, Bup/Nx produced a dose-related reduction in some of the effects of acutely

administered oxycodone. These data suggest that sublingual Bup/Nx has the potential as an analgesic medication and further research

should investigate its use in treating patients with chronic pain who abuse opioids.
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INTRODUCTION

Opioid drugs are some of the most effective tools for
chronic pain management (American Academy of Pain
Medicine, 1997). The use of opioids for the treatment of
chronic, non-cancer pain has escalated in recent years, and
it is estimated that opioids are used to manage a significant
percentage of cases involving moderate to severe persistent
pain (Ballantyne and Mao, 2003; Trescot et al, 2006).
Despite their medical utility, many opioid analgesics
including morphine, hydrocodone, hydromorphone, fenta-
nyl, and oxycodone have significant abuse liability (Comer
et al, 2008; Walsh et al, 2008; Zacny and Lichtor, 2008).
Aberrant opioid use behaviors among patients with pain
include: obtaining prescriptions from multiple prescribers,
forging prescriptions, ‘borrowing’ or stealing opioids,
aggressively seeking more medication from physicians,

and escalating doses without the physician’s knowledge
(Cowan et al, 2001; Martell et al, 2007; Passik et al, 2006).
The exact prevalence of opioid abuse among patients with
chronic pain is difficult to determine, although two studies
conducted in the United States estimated that over 40% of
patients with chronic pain exhibited aberrant drug-related
behavior (Katz et al, 2003; Passik et al, 2006).

Owing to the risk of aberrant use behaviors, and the
perceived lack of knowledge to manage them, there is often
considerable trepidation involved in the initiation of long-
term opioid therapy. To address this clinical concern,
researchers have attempted to identify factors that may
increase the likelihood of patients with chronic pain
transitioning from normal to problematic use. Retrospective
reviews of medical records and prospective self-report
studies have indicated that characteristics such as: a history
of poly-substance abuse, legal problems, and psychiatric
disorders are all significant predictors of drug abuse among
this population (Edlund et al, 2007; Passik et al, 2006).
Other variables that have yet to be fully investigated in
patients with chronic pain are the subjective and behavioral
responses to opioid medications.

Oxycodone is one of the most commonly prescribed and
abused opioids (Davis et al, 2003; Katz et al, 2008;
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Rosenblum et al, 2007). Multiple laboratories have con-
sistently shown that oxycodone produces dose-related
increases in positive subjective effects among heroin
abusers, prescription opioid abusers, and non-drug abusers
(Comer et al, 2008, 2009, 2010b; Walsh et al, 2008; Zacny
and Gutierrez, 2009; Zacny and Lichtor, 2008). Oxycodone
serves as a robust reinforcer among participants who abuse
heroin or prescription opioids (Comer et al, 2008; Comer
et al, 2009), yet non-drug-abusing volunteers only self-
administer oxycodone when they are exposed to experi-
mentally induced pain (Comer et al, 2010). These data
suggest that although subjective response to oxycodone (eg,
greater drug liking and/or lesser adverse effects) may
predispose individuals to abuse it, this factor alone is not
sufficient to motivate abuse.

Although a number patients under long-term opioid
therapy for pain develop abusive patterns of use, the
impetus behind their abuse may differ significantly from
that of other populations of opioid abusers (for a review, see
Ballantyne (2006) or Fishbain et al (1992)). Misuse of a drug
does not necessarily equate to recreational use, which is
typically driven by the positive subjective effects of the drug
of choice. Other factors such as self-medication of other
psychiatric issues, insufficient pain management, and
avoidance of withdrawal also may be responsible for the
misuse of opioids. To date, there have been few investiga-
tions in the peer-reviewed literature characterizing the
subjective and reinforcing effects of opioids in patients with
chronic pain. Pain has been shown to modulate the
subjective effects of opioids in some studies (Zacny et al,
1996), but few studies have attempted to quantify the
subjective effects of opioids among chronic pain sufferers
(Lasagna et al, 1955). A more comprehensive assessment of
the effects of opioids among patients with chronic pain may
provide critical insight into the motivating factors behind
opioid abuse within this particular population.

The current investigation sought to assess the contribu-
tion of the subjective and reinforcing effects of oxycodone
to its abuse liability in patients with chronic pain meeting
the DSM-IV criteria for opioid abuse and/or dependence.
All patients were maintained on fixed doses of sublingual
buprenorphine/naloxone (Bup/Nx) (total daily doses of
2/0.5, 8/2, and 16/4 mg); all of the participants received all
of the maintenance doses. Thus, a secondary aim of the
study was to evaluate the degree to which Bup/Nx managed
chronic pain. Although an injectable formulation of
buprenorphine is available in the United States for post-
surgical pain and transdermal buprenorphine is prescribed
in Europe for pain management, sublingual buprenorphine
and Bup/Nx are not approved by the United States Food
and Drug Administration for treating pain (Caplan and
Southam, 1990). Nevertheless, the off-label use of sublingual
buprenorphine (Subutex or Suboxone) to treat pain has
been described in the clinical literature (Heit and Gourlay,
2008; Malinoff et al, 2005). These reports indicate that
patients with pain who were responding poorly to other
opioid analgesics were successfully treated with sublingual
buprenorphine. Therefore, in addition to identifying vari-
ables that may predict abuse in patients on opioid
maintenance therapy, this study may also add to the
growing body of literature on the utility of sublingual
buprenorphine for managing chronic pain.

METHODS

Participants

Participants who were seeking treatment for their chronic
pain were recruited from the New York City metropolitan
area through various print media advertisements. Those
respondents who met the study criteria, based on 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. Additional
procedures included assessments of: drug use, general
health, medical history, and multiple laboratory tests
(hematology, blood chemistry panel, liver and thyroid
functioning, urinalysis, syphilis serology). Rapid urine drug
screens assessed recent use of opioids, benzoylecgonines,
benzodiazepines, cannabinoids, and amphetamines.

During screening, participants were provided detailed
information concerning study aims and procedures.
Informed consent was obtained before screening as well
as before initiation of study procedures. Participants were
informed that they would receive sublingual Bup/Nx to
manage their pain and that they would be maintained on
various doses throughout the study. They were also
informed that various doses of oxycodone would be
administered acutely during laboratory sessions.

All participants were currently under the care of a physician
for their pain conditions. All participants were required to
meet the DSM-IV criteria for opioid abuse and prescription
opioid physical dependence, but were not necessarily seeking
treatment for their opioid abuse/dependence. Potential
participants were excluded from the study if they were
physiologically dependent on heroin, methadone, alcohol, or
other drugs, had a severe Axis I psychiatric diagnosis, or had
a primary diagnosis of neuropathic pain, malignant pain,
headache, or chronic lower back pain with failed surgeries.
Current buprenorphine maintenance and history of failed
treatment with buprenorphine maintenance for pain also
were exclusionary.

Participants were paid US$25/day, with a US$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 (US$20 per sample session
plus up to US$20 per self-administration session). All study
procedures were approved by the Institutional Review
Board of the New York State Psychiatric Institute.

Laboratory Sessions

Testing consisted of two types of laboratory sessions, a
sample session during which participants were provided
with one of the possible doses of drug (oxycodone) and
US$20, and a self-administration (choice) session that
occurred a few hours later. The sample and choice sessions
for each dose of oxycodone occurred on the same day.
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.

Sample session. During the first 45 min (min) of each
sample session before drug administration, baseline vital
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signs were determined, and opioid withdrawal was assessed.
During this period, participants completed performance
tasks, subjective-effects batteries, assessments of pain, and a
cold pressor test (CPT), and had a pupil photograph taken.
Participants received drug and money at 0 min. Pupil
photographs were taken and pain assessments were
administered 5, 15, 30, 60, 120, and 210 min after drug/
money administration; the subjective-effects battery began
45 min before and 5, 15, 30, 60, and 120 min after drug/
money administration. The second performance battery
began 60 min after drug/money administration along with a
post-drug CPT at 120 min.

Self-administration (choice) sessions. The baseline assess-
ments during each choice session were identical to a sample
session. Participants then completed a self-administration
task (see below) to receive portions of the dose of drug or
money they sampled (0–100% in increments of 10%).
Immediately following the self-administration task, partici-
pants completed the subjective-effects battery. At time 0,
money and/or the total amount of drug earned during the
task was administered. At 4 min after receiving drug and/or
money, participants again completed the subjective-effects
battery. At 10 min after drug/money administration,
participants began the performance battery, followed by
the subjective-effects battery.

Self-administration task. During choice sessions, partici-
pants were told that they could work for all or part of the
sampled dose or the sampled money amount (US$20) by
choosing the drug or money option each time a choice was
available. The alternative money value (US$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 40 mg, at each
opportunity participants could respond for 4 mg (10% of
40 mg) or US$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 response requirement for each of the two
options increased independently such that the initial ratio
requirement for each option was 50 responses; the
ratio increased progressively each time the option was
selected (50, 100, 200, 400, 800, 1200, 1600, 2000, 2400, and
2800). To receive all of the drug or money available that day,
participants were required to emit 11 550 responses within
40 min. Fewer total responses were required if choices were
distributed between the two options. At the end of the self-
administration task, the participant received whatever he/
she had chosen: money (added to their study payment) and/
or drug. During all laboratory sessions, vital signs,
computer activities, and behaviors were continuously
monitored by the experimenters.

Participants resided on a locked in-patient unit during
the 7-week study (up to two 72-h outpatient passes were
available). All participants were admitted to the unit and

maintained on sublingual Bup/Nx. During the first week after
admission, participants were withdrawn from their previous
opioid analgesic regimen and stabilized on one of three
doses of Bup/Nx (2/0.5, 8/2, or 16/4 mg/day). Participants
were treated for emergent withdrawal symptoms with various
supplemental medications until withdrawal symptoms
dissipated based on self-report and observer ratings. Each
Bup/Nx dose was maintained for approximately 2 weeks,
1 week of stabilization followed by 1 week of laboratory
testing. Each participant was tested for 2-week periods, with
all three Bup/Nx doses in random order; doses were
administered under double-blind conditions.

Apparatus and Questionnaires

Subjective measures. Three questionnaires were used to
assess subjective drug effects and a fourth questionnaire
was used to assess opioid withdrawal symptoms. The first
questionnaire was a 26-item visual analog scale (VAS). The
first 18 lines were labeled with adjectives describing mood
states (eg, ‘I feel.’ ‘Mellow’) and four additional lines were
labeled with questions about the dose just received (eg, ‘I
liked the dose,’ ‘For this dose, I would pay.’). Participants
rated each item on the VAS from ‘Not at all’ (0 mm) to
‘Extremely’ (100 mm), except for the ‘For this dose, I would
pay’ question, which ranged between US$0 (0 mm) and
US$20 (100 mm). The second questionnaire was a six-item
Drug Effects Questionnaire (DEQ). Participants described
drug effects by selecting among a series of possible answers
ranging from 0 (‘No (good, bad, etc) effects at all’) to
4 (‘Very Much’). Ratings of drug liking ranged between �4
(‘Dislike very much’) and 4 (‘Like very much’). The third
questionnaire was a shortened form of the 550-item
Addiction Research Center Inventory, which measures a
broad range of subjective drug effects (Haertzen, 1974). No
statistically significant results were found with this measure,
so the results will not be reported below. Lastly, the
Subjective Opioid Withdrawal Scale (SOWS) was used to
assess the presence and severity of opioid withdrawal
(Handelsman et al, 1987).

Performance measures. The task battery consisted of two
tasks: a 3-min digit-symbol substitution task (DSST) and a
10-min divided attention task (DAT). Custom-made
software was used for these performance tasks (see Comer
et al, 1999 for details). Briefly, the DSST 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 DAT 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).
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Clinical pain assessments. Participants’ ratings of clinical
pain were measured with three instruments: a 15-item
Short-form McGill Pain Questionnaire (Clinical Pain
MPQ; Melzack, 1987), a 100-mm visual analog pain scale,
and a Smiley Scale. The MPQ provided participants
with various pain descriptors such as ‘throbbing’ and
‘sharp’ and asked them to describe the degree to which they
felt each type of pain from ‘1¼ none’, ‘2¼mild’,
‘3¼moderate’, and ‘4¼ severe’. The MPQ assesses 15
specific sensory and affective pain descriptors providing
a cumulative score that could range between 15 and 60.
Along with the MPQ, participants rated their current
level of pain using a VAS. This scale asked participants to
quantify their clinical pain by responding to the phrase ‘I
feel pain’ on a 100-mm line; ratings ranged between 0¼ not
at all and 100¼ extremely. These first two assessment
tools have been validated in clinical trials involving chronic
pain patients (Dworkin et al, 2005; Kerns et al, 1985,
Melzack, 1987). In addition to these measures, the Smiley
Scale consists of a series of five faces ranging from a smiling
face (1), to an extremely upset, crying face (5). Participants
were asked to identify the face that best represented
their current level of pain (Pain Associates International
Network, 2007).

Cold pressor test. The analgesic effects of oxycodone and
Bup/Nx also were evaluated with experimentally induced
pain using the CPT, a commonly used and well-established
model for producing pain (Comer et al, 2009; Zacny et al,
1996). Crushed ice was added to the cold tank, and warm
water was placed in the warm tank. The temperature was
maintained at 41C in the cold tank (additional ice was
added, if necessary) and 371C in the warm tank. Each
participant was asked first to immerse the hand in the warm
tank for 2 min (to equalize baseline skin temperature across
participants). Next, they were asked to immerse the same
hand in the cold tank for up to 2 min. Standard instructions
were read to each participant before administration of the
CPT. During the second water immersion, subjective ratings
of pain were measured. Immediately following the CPT,
subjective ratings of pain again were measured using the
MPQ (CPT-MPQ) and the Pain Intensity/Bothersome Scales
(‘Not at all’ (0) to ‘Extremely’ (10)) during which
participants were asked to rate the ‘Intensity’ and ‘Bother-
someness’ of the acute pain experienced during immersion
in cold (41C) water during the CPT. Objective-dependent
measures included: pain threshold (time in seconds to the
first report of pain) and pain tolerance (time in seconds to
removal of the hand from water).

Physiological effects. A blood pressure cuff was attached to
the non-dominant arm, and blood pressure was recorded
automatically every 5 min throughout the sessions. A soft
sensor attached to a pulse oximeter was placed on a finger
of the non-dominant hand to measure arterial oxygen
saturation. These data were collected primarily for safety
purposes, and since no significant effects of oxycodone or
Bup/Nx were found, the data were not reported below.
A NeurOpticst Pupillometer was used to measure changes
in pupil diameter under ambient lighting conditions.

Drugs

Bup/Nx tablets (Reckitt Benckiser Pharmaceuticals,
Richmond, VA) were administered sublingually at daily
doses of 2/0.5, 8/2, and 16/4 mg. The two higher doses are
within the recommended dose range for treating opioid
abuse (USDH, 2004). The total daily dose was divided
(0.5/0.125, 2/0.5, and 4/1 mg) and administered on a QID
dosing regimen at 0830, 1230, 1730, and 2130 hours. Bup/Nx
tablets in a commercially available dose of 2/0.5 mg were
quartered by the research pharmacy in order to provide the
correct Bup/Nx dose. At each dosing, participants received
two whole tablets and one quartered tablet to maintain the
blind. When necessary, whole or quartered placebo tablets
were utilized to insure that 2 and 1

4 tablets were
administered at each dosing time.

Oxycodone (Sigma-Aldrich, St Louis, MO) was adminis-
tered in oral doses of 0, 10, 20, 40, and 60 mg/70 kg under
each Bup/Nx maintenance dose condition (Figure 1).
For participants with higher body weights, an absolute
maximum amount of 90 mg oxycodone was imposed. All
doses of oxycodone were mixed into an orange-flavored
drink with 1 ml peppermint oil floated on top in order to
maintain a dosing blind. A total volume of 200 ml was
administered at each dosing time (1100 and 1500 hours),
and participants were required to consume the entire
beverage within 5 min. The sample oxycodone dose was
administered at 1100 hours and the self-administered
oxycodone dose was administered at 1500 hours.

Naloxone HCl (Narcan) for injection, obtainable from
DuPont Pharma (Wilimington, PA) was administered in
intramuscular doses between 0.2 and 0.8 mg to all
participants before admission into the hospital to confirm
opioid dependence.

Various concomitant medications were administered, as
needed, to participants during the study. To reduce their
impact on our study measures, these medications were
given during the evening hours.

Figure 1 Time points throughout the day at which buprenorphine/naloxone (Bup/Nx) and oxycodone were administered during the second week of
maintenance.
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Statistical Analyses

Repeated-measures ANOVAs were used to assess differ-
ences among the dosing conditions (Bup/Nx and
oxycodone) over the various time points and to compare
peak (or trough) drug effects. Both peak and time-course
data were analyzed for all relevant variables, but peak
comparisons are primarily reported for the sake of
brevity and because the peak data are the most pertinent
to the aims of the study. The significance level of a was
set at 0.05. All data analyses were performed using SPSS
version 15 (SPSS I, 2006) and SuperANOVA (Gagnon et al,
1990).

RESULTS

Participants Demographics

Eighteen opioid-dependent individuals completed the
in-patient study. The sample consisted of 11 men and
seven women: eight Latinos, seven African-Americans, and
three Caucasians (Table 1). The participants’ average age
was 47±7 years, ranging from 36 to 58 years, and their
mean body weight was 92.1 kg (±22.3). The medical
conditions cited by participants as the cause of their clinical
pain included: accident-related injuries (n¼ 7), osteoarthri-
tis or osteoporosis (n¼ 6), scoliosis or spinal curvature
(n¼ 4), nerve damage (n¼ 5), hernia (n¼ 3), spinal
stenosis (n¼ 2), sciatica (n¼ 2), disk compression hernia
(n¼ 1), neurofibromatosis (n¼ 1), Lyme disease (n¼ 1),
bursitis (n¼ 1), and migraine (n¼ 1). Forty-four percent
(n¼ 8) of the 18 total participants reported multiple causes
of pain. When asked to assess the severity of their clinical
pain before the initiation of Bup/Nx maintenance, the
participants’ average pain rating was 6.98±0.4 on a 1–10
scale, and 24.6±2.9 on the short form of the MPQ.
The majority of participants (16 of 18) held a high
school diploma or had earned their General Educational
Development (GED) credentials.

All participants were physiologically dependent on
opioids upon entry into the study and were not currently
seeking treatment for their substance abuse. All participants

were daily oral opioid users and had been using opioid
medications for a mean duration of 43.6 months.
Opioids being used just before study initiation included:
Vicodin (n¼ 9), Percocet (n¼ 4), Tramadol (n¼ 2),
Endocet (n¼ 2), Dilaudid (n¼ 1), Oxycontin (n¼ 1), and
Motrin w/ codeine (n¼ 1). Thirty-three percent (n¼ 6) of
the participants indicated that they were currently using
multiple opioids. For all participants, their daily opioid use
was equivalent to an average of 161.9 mg (±204.8, range:
15–505 mg) of morphine (Anderson et al, 2001; Pereira et al,
2001).

In addition to daily opioid use, 67% (n¼ 12) of our
sample were daily tobacco smokers, averaging 15 cigarettes
per day. Alcohol was used less regularly, with 50% (n¼ 9) of
the participants reporting occasional alcohol use, averaging
three drinks each month. Marijuana use was quite rare, with
only one participant endorsing regular use. None of the
participants reported regular use of cocaine. However, urine
drug testing (performed repeatedly during screening)
revealed that four participants tested positive for cocaine
and eight participants admitted to cocaine use within the
past 30 days. Similarly, none of the participants reported
regular use of heroin, yet two participants reported heroin
use within the last 30 days. Unfortunately, our urine drug
screen was not able to distinguish between recent use of
certain prescription opioids and heroin.

Physiological, Analgesic, and Subjective Effects of
Buprenorphine/Naloxone

Repeated-measures ANOVA revealed that the largest
Bup/Nx maintenance dose (16/4 mg) significantly decreased
pupil diameter (miosis) when compared with the 2/0.5
and 8/2 mg doses (which did not significantly differ
from one another). These comparisons were made under
the oxycodone placebo condition (0 mg/kg) and were
statistically significant when comparing trough values
and averages across the various time points (p’so0.01;
Figure 2).

Experimental pain. Analyses also revealed dose-dependent
increases in the analgesic effects of Bup/Nx in response to

Table 1 Participant Demographic Characteristics

Demographic variable Statistic

Gender, N (%) male 11 (61%)

Age, M (SD) (years) 47 (7)

Education, N (%) completing high school 16 (89%)

Weight, M (SD) (kg) 92.1 (22.3)

Race, N (%) Latino, African-American, Caucasian 8 (44%), 7 (39%),
3 (17%)

Self-reported pain severity (1–10; before Bup/Nx
maintenance), M (SD)

6.98 (0.4)

Rx opioid use per day in morphine
equivalents, M (SD) (mg)

161.9 (204.8)

Rx opioid use, M (SD) duration in months 43.6 (48.6)

Tobacco use, M (SD) cigarettes per day 15 (13)

Alcohol use, M (SD) drinks per month 3.3 (3.5)

Figure 2 Mean and trough (±standard error of mean) pupil diameter as
a function of buprenorphine/naloxone maintenance dose (following
placebo administration of oxycodone). *A significant difference from the
2/0.5 mg sublingual maintenance dose condition.
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experimentally induced pain (CPT). When compared with
the 2/0.5 mg dose, the 8/2 mg maintenance dose significantly
increased the participants’ latency to withdraw their hand
from cold water (F(1, 17)¼ 4.93, po0.05). Interestingly, the
responses to the CPT after the 16/4 mg dose did not
significantly differ from the 2/0.5 mg dose. A similar effect
was observed on ‘latency to feel pain’. That is, relative to the
2/0.5 mg dose, the 8/2 mg dose significantly increased the
time in which participants reported the perception of pain
following cold-water immersion (F(1, 17)¼ 5.77, po0.05),
but the 16/4 mg dose did not (Table 2). The CPT-MPQ
summary scores, assessed immediately following the CPT,
did not significantly vary as a function of Bup/Nx
maintenance dose.

Clinical pain. In contrast to several of the experimental
pain measures, a lack of a dose-dependent effect of Bup/Nx
was observed for MPQ, VAS, and Smiley-Face ratings of
participants’ clinical pain. All comparisons among the three
Bup/Nx maintenance conditions were performed following
placebo administration of oxycodone.

The effects of Bup/Nx maintenance dose were evident on
a number of VAS measures (Table 2). There was a
significant dose-dependent increase in VAS ratings of
‘Mellow’ (2 vs 8 mg: po0.05; 8 vs 16 mg: p¼ 0.46; 2 vs
16 mg: po0.01). In additionally, an inverted-U shaped
function was observed on VAS ratings of ‘Sedated’ (2 vs
8 mg: po0.05; 8 vs 16 mg: po0.05; 2 vs 16 mg: p¼ 0.96),
‘Difficulty Concentrating’ (2 vs 8 mg: po0.05; 8 vs 16 mg:
po0.05; 2 vs 16 mg: p¼ 0.63), ‘Uncomfortable’ (2 vs 8 mg:
po0.01; 8 vs 16 mg: po0.01; 2 vs 16 mg: p¼ 0.42), and the
SOWS sum score (2 vs 8 mg: po0.05; 8 vs 16 mg: po0.05; 2
vs 16 mg: p¼ 0.90).

Physiological, Analgesic, and Subjective Effects of
Oxycodone

Repeated-measures ANOVAs comparing the effects of
oxycodone on miosis found a significant dose-dependent
decrease in pupil diameter (oxycodone main effect,
F(4, 17)¼ 10.36, po0.001; oxy� time interaction, F(4, 7)¼
5.17, po0.001). As shown in Figure 3, all active doses of
oxycodone significantly decreased pupil size in comparison
to placebo (0 mg).

Experimental pain. Dose-dependent changes also were
observed in the analgesic effects of oxycodone as measured
by the CPT (oxycodone main effect: F(4, 17)¼ 3.88,
po0.01). The 20 mg (po0.05), 40 mg (po0.01), and 60 mg
(po0.01) doses all significantly increased the amount of
time participants kept their hand immersed in cold water
(Table 3). However, CPT-MPQ ratings of cold pressor-
induced pain did not significantly vary as a function of
oxycodone dose.

Clinical pain. Clinical MPQ, VAS, and Smiley-Face assess-
ments of clinical pain did not vary as a function of
oxycodone dose. Peak values on a number of subjective
measures did show significant oxycodone main effects.
Participants’ ratings of ‘Dizzy’ (F(4, 17)¼ 2.53, po0.05),
‘Drug Effect’ (F(4, 17)¼ 3.36, po0.05), and ‘Floating’

(F(4, 17)¼ 4.17, po0.01) all showed significant oxy-
codone dose-related increases when compared against
placebo.

Furthermore, repeated-measures ANOVA comparisons
revealed statistically significant main effects of oxycodone
dose for peak VAS ratings of: ‘Good Effect’ (F(4, 17)¼ 2.83,
po0.05), ‘High’ (F(4, 17)¼ 3.23, po0.05), ‘Mellow’
(F(4, 17)¼ 2.80, po0.05), ‘Sedated’ (F(4, 17)¼ 3.44,
po0.01), and ‘Stimulated’ (F(4, 17)¼ 2.90, po0.05). In
addition to these measures, peak DEQ ratings of ‘Good
Drug Effect’ (F(4, 17)¼ 2.55, po0.05) and ‘Strong Drug
Effect’ (F(4, 17)¼ 2.80, po0.05) both significantly increased
as a function of oxycodone dose.

In addition to altering subjective responses, larger doses
of oxycodone also produced detrimental effects on perfor-
mance of the DAT (Table 3). Repeated-measures ANOVA
revealed a significant main effect of oxycodone dose upon
tracking distance (F(4, 17)¼ 2.94, po0.05) and performance
speed (F(4, 17)¼ 5.18, po0.01). Post hoc analysis found that
when compared with the placebo condition, the 60 mg dose
significantly increased tracking distance (po0.05). In
addition, the two highest doses of oxycodone both
decreased performance speed (p values o0.01).

Interaction of Bup/Nx and Oxycodone

On some measures, ANOVA revealed a significant inter-
action between the maintenance dose of Bup/Nx and the
acutely administered dose of oxycodone. Figure 4 depicts
the peak oxycodone ratings for VAS measures of ‘Mellow’
(Bup�Oxy interaction: F(2, 4)¼ 2.68, po0.01) and
‘Sedated’ (Bup�Oxy interaction: F(2, 4)¼ 2.24, po0.05),
as a function of the Bup/Nx maintenance dose. When
maintained on 2/0.5 mg of Bup/Nx, a significant oxycodone
dose-related increase was observed on both measures, but
when maintained on the 16/4 mg dose of Bup/Nx, the
influence of larger oxycodone doses was eliminated
(Mellow: 40 mg (po0.05); Sedated: 40 mg (po0.01) and
60 mg (po0.01)).

Self-Administration

None of the self-administration measures significantly
differed as a function of oxycodone dose or Bup/Nx
maintenance condition. Progressive ratio breakpoint values
for drug were low (o300 responses) and did not vary
among the different oxycodone doses that were tested,
including placebo.

DISCUSSION

Our investigation suggests that Bup/Nx has notable
analgesic properties. In comparison to the smallest dose,
the 8/2 mg daily maintenance condition induced significant
analgesia in response to experimentally induced pain.
Consistent with some preclinical reports, this study found
an inverted U-shaped dose–response function with respect
to several effects of Bup/Nx (Cowan et al, 1977; Dum and
Herz, 1981). In addition to having the strongest effects on
acute pain measures (CPT), when assessing its aversive
effects, the 8/2 mg dose produced the highest reports of:
‘Sedation’, ‘Uncomfortable’, and reports of withdrawal
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Table 2 Effects of Bup/Nx Dose on Various-Dependent Measures

Dependent measure Bup/Nx (2/0.5) Bup/Nx (8/2) Bup/Nx (16/4) Significance
(main effect)

CPT

Latency to withdraw (s) 43.72 (12.47)a 59.72 (15.73)b 55.44 (14.39) po0.05

Latency to feel pain (s) 32.00 (12.78)a 46.39 (14.89)b 40.83 (13.10) po0.05

CPT-MPQ (15–60)

MPQ Sum 43.22 (3.49) 43.94 (3.56) 46.00 (3.33) p¼ 0.16

Pain intensity/bothersomeness (1–10)

Bothersome 9.66 (0.24) 9.39 (0.37) 9.83 (0.17) p¼ 0.10

Intensity 9.67 (0.24) 9.27 (0.43) 9.83 (0.16) p¼ 0.06

VAS (0–100)

Alert 57.72 (7.08) 54.39 (6.91) 54.61 (6.73) p¼ 0.22

Anxious 28.78 (7.84) 25.88 (6.22) 25.66 (7.01) p¼ 0.22

Bad Effects 14.61 (6.84) 11.78 (4.03) 7.50 (2.56) p¼ 0.43

Confused 13.44 (5.59) 14.56 (5.59) 11.22 (4.34) p¼ 0.67

Depressed 16.83 (6.24) 16.89 (5.32) 16.83 (6.08) p¼ 0.55

Difficulty concentrating 20.11 (6.61)a 30.50 (8.74)b,c 17.56 (5.39)a po0.01

Dizzy 13.83 (5.27) 16.56 (5.92) 10.83 (4.02) p¼ 0.67

Drug effect 18.94 (7.04) 30.89 (7.89) 19.50 (5.84) p¼ 0.22

Floating 11.33 (4.49) 14.27 (5.69) 8.50 (3.92) p¼ 0.92

High 19.73 (2.74) 19.68 (2.60) 17.54 (2.42) p¼ 0.69

I feel pain 34.22 (3.75) 33.58 (3.33) 32.17 (3.01) p¼ 0.88

Irritable 34.78 (8.17) 29.00 (6.82) 25.06 (7.56) p¼ 0.40

Lightheaded 17.50 (6.37) 15.00 (5.52) 10.67 (4.44) p¼ 0.81

Mellow 22.22 (7.97)a,c 34.22 (7.87)b 37.17 (8.72)a po0.05

Muscle pain 29.33 (7.14) 26.72 (7.46) 24.89 (6.13) p¼ 0.06

Nauseous 8.05 (4.03) 13.61 (5.55) 8.16 (3.07) p¼ 0.92

Sedated 17.33 (5.82)a 22.89 (6.48)b,c 17.56 (6.44)a po0.05

Stimulated 24.11 (2.85) 22.67 (2.82) 20.12 (2.69) p¼ 0.34

Uncomfortable 26.56 (6.74)a 43.83 (8.62)b,c 22.17 (6.54)a po0.01

Clinical pain MPQ (15–60)

MPQ sum 25.56 (2.18) 24.67 (2.77) 23.89 (2.19) p¼ 0.39

SOWS (0–64)

SOWS sumd 5.22 (1.39)a 7.22 (2.28)b,c 5.11 (1.61)a po0.05

DAT

False alarms 6.44 (2.07) 8.56 (3.25) 10.56 (3.16 p¼ 0.36

Hits 20.78 (0.65) 20.67 (0.62) 20.56 (0.84) p¼ 0.32

Misses 1.28 (0.47) 1.06 (0.49) 1.61 (0.62) p¼ 0.67

Max. speed 4.44 (0.47) 4.72 (0.47) 4.22 (0.40) p¼ 0.49

DSST

Total attempted 59.72 (3.34) 56.83 (3.33) 56.00 (2.79) p¼ 0.28

Total correct 57.78 (3.19) 53.61 (3.38) 51.94 (2.96) p¼ 0.26

Values represent means (±SEM) from peak comparisons.
aSignificant difference when compared against the 8/2 maintenance condition.
bSignificant difference when compared against the 2/0.05 maintenance condition.
cSignificant difference when compared against the 16/4 maintenance condition.
dSum total of the participants’ ratings of all 16 opioid withdrawal symptoms.
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severity. Clinical pain as assessed by the MPQ, VAS, and
Smiley-Face scales did not significantly vary as a function of
Bup/Nx dose. Interestingly, there appears to be a discre-
pancy between the analgesic effects of Bup/Nx as assessed
by self-report and objective measures. However, our
assessments of the analgesic effects of oxycodone may
provide insight into our results with Bup/Nx. When the
analgesic effects of oxycodone were assessed using the CPT,
it appears as though objective behavioral measures (eg,
latency to withdraw) are more sensitive than verbal reports
(eg, latency to feel pain). These data argue that our
assessments of Bup/Nx effects upon clinical pain may have
benefited from the use of objective measures as they may be
more sensitive in detecting analgesic response. Unfortu-
nately, assessments of clinical pain are typically self-report.
As such, our study may not have had sufficient power
to detect the effects of Bup/Nx for the management of
clinical pain.

Although the doses of Bup/Nx currently tested produced
some aversive effects (see VAS assessments of ‘Difficulty
Concentrating’ and ‘Uncomfortable’ in Table 2), no
discernable positive subjective effects were observed. It is
difficult to determine conclusively that Bup/Nx had no
positive subjective effects without a placebo maintenance
control condition. However, a 0 mg maintenance phase was
judged to be unethical by our Institutional Review Board
because of the possible emergence of opioid withdrawal and
of clinical pain. Nevertheless, no significant dose–response
effects were reported on any measures of positive subjective
effects typically associated with abuse liability, such as
ratings of drug liking, good drug effects, and high.
Combined, our findings suggest that, under these experi-
mental conditions (sublingual administration to chronic
pain sufferers), Bup/Nx has a relatively low abuse liability.

Bup/Nx failed to significantly impair psychomotor
functioning, although some studies have found that
buprenorphine can disrupt performance on the DSST in
participants with a limited opioid use history (Zacny et al,
1997). In contrast, oxycodone did cause significant impair-
ments on psychomotor task performance, as in other
investigations (Zacny and Gutierrez, 2009). When compared
with Bup/Nx, oxycodone had similar effects on experimen-
tally induced pain and clinical pain assessments, yet with
minimal aversive effects and a number of positive subjective
effects. This observation is consistent with recent reports of
an overall positive subjective profile of oxycodone among

opioid abusers and non-abusers (Comer et al, 2008; Walsh
et al, 2008; Zacny and Lichtor, 2008). Yet, in comparison to
other investigations noting the positive subjective effects of
similar oxycodone doses, those reported in this study were
relatively small. In their investigation with non-opioid
abusers, Zacny and Gutierrez (2003, 2009) reported that
compared with placebo, a 10 mg dose of oxycodone
produced an approximately 80% increase in peak VAS
ratings of ‘High’ and 20 mg oxycodone had an even stronger
effect, increasing ratings up to 90%. In this study, these
same oxycodone doses only produced a 27% (10 mg) and
24% (20 mg) increase in subjective ratings of the same
measure. In addition, the fact that oxycodone did not alter
subjective ratings on measures, such as ‘drug liking’ and
‘would take the dose again’, further argues that the ‘abuse’
of prescription opioids among this population may not be
for recreational purposes. Yet, only moderate effects of
oxycodone were found on those subjective measures that
reached statistical significance. In order to more definitely
answer this question, future studies are needed to compare
directly the abuse liability of oxycodone in abusers with and
without clinical pain, using the same experimental para-
meters.

Despite the statistically significant increases in its positive
subjective effects, oxycodone failed to serve as a reinforcer
in this study. These results are in marked contrast
with previous reports observed with heroin-dependent
participants and prescription opioid abusers who
self-administered similar oxycodone doses at significantly
higher levels (Comer et al, 2008, 2009; Comer et al, 2010).
The Bup/Nx dosing regimen used in this study was
most likely responsible for the marked differences
in outcomes between prescription opioid-abusing pain
patients and heroin abusers. In an effort to address the
unique needs (eg, pain management) of the current
population, this study employed a QID Bup/Nx dosing
regimen, whereas in our previous studies, sublingual
buprenorphine was administered once daily in the evening,
15 h before administration of oxycodone. It is likely that this
more frequent pattern of dosing contributed to the robust
interfering actions of Bup/Nx in this study compared with
our previous studies in heroin abusers. Therefore, it is
possible that oxycodone’s lack of reinforcing value and
blunted positive subjective profile may not be owing to
population differences, but owing to varying parametric
conditions. Future studies in our laboratory will address
this important point.

A relationship between the maintenance drug (Bup/Nx)
and the acutely administered drug (oxycodone) was
observed in this study. On certain measures, the 8/2 and
16/4 mg doses of Bup/Nx appeared to reduce the effects of
oxycodone. Oxycodone dose-dependent increases in parti-
cipants’ ratings of ‘Mellow’ and ‘Sedated’ observed under
the 2/.5 mg Bup/Nx maintenance dose disappeared during
the 8/2 and 16/4 mg maintenance dose. It is likely that the
reduced subjective effects of oxycodone observed here were
functions of Bup/Nx maintenance schedule and may extend
to other full mu-opioid agonists. For example, other studies
have shown that 8/2 and 32/8 mg Bup/Nx and also 8 and
16 mg buprenorphine alone are capable of antagonizing the
effects of heroin (Comer et al, 2005; Mello et al, 1982, 1983;
Mello and Mendelson, 1980).

Figure 3 Mean pupil diameter as a function of oxycodone dose and
time. *A significant difference from placebo (0 mg/70 kg) at that particular
time point. Error bars were removed for clarity.
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Table 3 Effects of Oxycodone Dose on Various-Dependent Measures

Dependent measure Placebo (0) Oxy (10) Oxy (20) Oxy (40) Oxy (60) Significance
(main effect)

CPT

Latency to withdraw 52.96 (8.13) 53.88 (8.08) 62.32 (8.58)* 63.70 (8.56)* 63.78 (8.09)* po0.01

Latency to feel pain 39.74 (7.67) 41.96 (7.86) 41.44 (7.46) 44.07 (7.59) 43.59 (7.21) p¼ 0.46

CPT MPQ (15–60)

MPQ sum 44.38 (1.96) 44.68 (1.98) 44.26 (1.89) 43.72 (1.95) 44.26 (1.87) p¼ 0.67

Pain intensity/bothersomeness (1–10)

Bothersome 9.63 (0.16) 9.59 (0.15) 9.63 (0.15) 9.50 (0.21) 9.59 (0.16) p¼ 0.66

Intensity 9.53 (0.17) 9.57 (0.16) 9.65 (0.15) 9.62 (0.15) 9.59 (0.16) p¼ 0.93

Clinical pain MPQ (15–60)

MPQ sum 24.70 (1.37) 23.29 (1.31) 24.20 (1.410 24.48 (1.51) 23.81 (1.48) p¼ 0.53

SOWS (0–64)

SOWS suma 5.85 (1.00) 5.87 (0.89) 6.22 (0.97) 5.04 (0.89) 5.85 (0.81) p¼ 0.15

VAS (0–100)

Alert 55.57 (3.92) 58.50 (4.21) 53.76 (4.36) 58.22 (4.00) 55.96 (4.42) p¼ 0.47

Anxious 27.11 (4.01) 31.06 (4.44) 31.41 (4.28) 29.67 (4.18) 27.41 (4.01) p¼ 0.62

Bad effects 11.29 (2.75) 12.27 (2.57) 13.19 (2.79) 30.06 (18.43) 15.33 (3.24) p¼ 0.50

Confused 13.07 (2.95) 14.77 (3.06) 16.68 (3.34) 14.68 (2.98) 15.76 (3.23) p¼ 0.53

Depressed 16.85 (3.33) 13.50 (3.05) 15.96 (3.35) 16.52 (3.17) 15.87 (3.38) p¼ 0.78

Dizzy 13.74 (2.92 16.51 (3.14)* 21.03 (3.82)* 18.52 (3.37)* 20.59 (3.54)* po0.05

Drug effect 23.11 (4.01) 25.78 (3.56) 27.98 (4.34) 31.79 (3.99)* 33.89 (4.06)* po0.05

Energetic 34.53 (3.82) 40.61 (4.41) 36.11 (4.33) 39.48 (4.33) 41.22 (4.28) p¼ 0.09

Floating 11.37 (2.71) 12.01 (2.70) 13.04 (3.11) 15.80 (3.04)* 17.67 (3.39)* po0.01

Good effects 21.96 (3.97) 27.83 (4.34)* 24.00 (4.37) 29.24 (4.17)* 29.00 (4.50)* po0.05

High 13.39 (2.69) 19.17 (3.45)* 18.39 (3.42)* 21.78 (3.62)* 21.61 (3.41)* po0.05

I feel pain 32.90 (3.74) 30.02 (3.57) 32.78 (3.58) 32.79 (4.14) 38.11 (4.17) p¼ 0.09

Irritable 29.61 (4.31) 28.02 (4.44) 28.35 (4.05) 35.04 (4.89) 31.32 (4.31) p¼ 0.24

Lightheaded 16.02 (3.17) 17.61 (3.09) 18.82 (3.59) 20.11 (3.19) 22.07 (3.11) p¼ 0.15

Mellow 32.53 (4.68) 39.19 (4.59) 35.28 (4.74) 37.53 (4.39) 40.35 (5.02) po0.05

Muscle pain 26.98 (3.94) 28.13 (3.93) 28.61 (4.12) 28.94 (3.98) 29.21 (4.31) p¼ 0.89

Nauseous 9.94 (2.48) 14.94 (3.42) 17.70 (3.79) 14.82 (3.02) 19.78 (3.53) p¼ 0.14

Restless 31.98 (4.29) 31.39 (4.19) 37.89 (4.24) 35.65 (4.30) 33.74 (4.36) p¼ 0.25

Sedated 19.25 (3.56) 25.56 (3.91)* 23.29 (4.04) 26.94 (3.81)* 29.19 (4.33)* po0.05

Stimulated 20.15 (3.34) 20.22 (3.22) 19.33 (3.43) 24.70 (3.97)* 27.07 (3.94)* po0.05

Uncomfortable 30.85 (4.36) 33.85 (4.14) 38.14 (4.66) 36.68 (4.63) 35.94 (4.20) p¼ 0.23

DEQ

Good effect 1.01 (0.23) 1.16 (0.17) 1.16 (0.18) 1.52 (0.23)* 1.32 (0.19) po0.05

Drug liking 1.04 (0.23) 1.04 (0.17) 0.94 (0.17) 1.28 (0.23) 1.11 (0.17) p¼ 0.36

Strong drug effect 1.24 (0.21) 1.19 (0.15) 1.22 (0.16) 1.63 (0.22)* 1.48 (0.17) po0.05

Would take the dose again 1.35 (0.24) 1.32 (0.18) 1.26 (0.19) 1.43 (0.23) 1.28 (0.19) p¼ 0.73

DAT

False alarms 8.51 (1.65) 9.02 (1.95) 9.13 (1.87) 10.74 (2.47) 8.91 (1.86) p¼ 0.70

Hits 20.66 (0.40) 20.77 (0.37) 20.65 (0.42) 20.70 (0.41) 21.13 (0.44) p¼ 0.07

Misses 1.32 (0.30) 1.00 (0.20) 0.907 (0.21) 1.17 (0.25) 1.32 (0.27) p¼ 0.59
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Future Directions and Clinical Implications

The ability of Bup/Nx to reduce the subjective effects of
oxycodone, combined with its minimal positive subjective
effects, argues in favor of the utility of sublingual
buprenorphine as an opioid abuse treatment and a pain
management tool. Of clinical relevance to many chronic
pain patients, Bup/Nx is associated with the absence of
psychomotor task impairment. Comparisons of subjective
pain ratings (MPQ) pre- and post-Bup/Nx maintenance
revealed no significant differences between the analgesic
effectiveness of the participants’ previous analgesic regimen
and that achieved on the three Bup/Nx doses. This result
suggests that a QID dosing regimen of sublingual Bup/Nx

may be as efficacious for pain management as traditional
opioid analgesics, although future studies should be
conducted to more definitively establish this finding.
Furthermore, a maximum dose of 16/4 mg was used in the
present study. Although Bup/Nx produced an inverted U-
shaped dose–response pattern for analgesic and some
subjective responses in this study, a more linear dose–
response relationship for many of buprenorphine’s effects
have been reported in other studies (Duke et al, 2010). As
buprenorphine doses of 32 mg and higher have been shown
to be safe and effective for treating opioid dependence
(Johnson et al, 1992, 2000), it is possible that higher doses
also may prove to be more effective than lower doses for the
treatment of pain. The ability of Bup/Nx to reduce the
effects of oxycodone raises concerns with the use of
additional opioids to treat breakthrough pain. Nevertheless,
this clinical issue may be circumvented by the use of more
potent opioids or additional break-through doses of
buprenorphine. Future studies should address these
important issues.
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Table 3 Continued

Dependent measure Placebo (0) Oxy (10) Oxy (20) Oxy (40) Oxy (60) Significance
(main effect)

Max speed 4.46 (0.25) 4.42 (0.27) 4.37 (0.26) 3.87 (0.24)* 3.89 (0.26)* po0.01

Tracking distance 38 661 (4219) 36 414 (3924) 36 235 (4190) 42 808 (4561) 45 889 (5343)* po0.05

DSST

Total attempted 57.52 (1.81) 55.93 (1.87) 55.63 (1.91) 55.63 (1.88) 53.82 (1.76) p¼ 0.09

Total correct 54.44 (1.78) 51.93 (2.04) 51.41 (2.06) 51.11 (2.08) 51.04 (1.89) p¼ 0.20

Values represent means (±SEM) from peak comparisons.
*Significant difference when compared against the placebo condition.
aSum total of the participants’ ratings of all 16 opioid withdrawal symptoms.

Figure 4 Mean visual analog scale ratings of ‘Mellow’ and ‘Sedated’ as a
function of the acutely administered oxycodone dose and the buprenor-
phine/naloxone (Bup/Nx) maintenance dose. *A significant difference from
the 2/.5 mg maintenance dose for that particular dose of oxycodone. Error
bars were removed for clarity.
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